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Editorial on the Research Topic
 Assessment of nutritional status in chronic diseases




The role of nutrition in chronic disease management has gained substantial attention, given its impact on clinical outcomes, disease progression, and patients' quality of life, including mental health. Across a wide range of conditions, from kidney and respiratory diseases to neurodegenerative and oncological disorders, emerging evidence underscores the intricate interplay between dietary intake, nutritional status, and overall systemic health.

This Research Topic includes recent studies examining crucial aspects of nutrition in chronic illness. It highlights novel factors related to nutrition, advanced assessment tools, and prognostic indicators that improve the understanding of how nutrition affects the course of health and disease. It includes 21 original research articles, one systematic review, and one case report, offering diverse and clinically relevant perspectives on the integration of nutritional care into chronic disease management.

Dietary intake and adherence are fundamental components of nutritional care, particularly in populations with chronic conditions. Several studies provide valuable insights into the associations between specific dietary patterns and clinical outcomes. In patients undergoing hemodialysis, higher consumption of animal protein was linked to improved sleep quality and better overall quality of life, as reported by Jafari Maskouni et al.. In individuals with chronic obstructive pulmonary disease (COPD), Fu et al. analyzed data from NHANES 1999–2018 and found that higher dietary intake of niacin was significantly associated with reduced all-cause and cardiovascular mortality over an average follow-up of 8.3 years, suggesting a potentially protective role of this nutrient in COPD prognosis and management. Nutritional intake also appears to play a role in mental health among individuals with chronic kidney disease (CKD). The study by Yu et al., based on NHANES 2007–2014 data, demonstrated that higher intakes of vitamins A, B1, B6, D, and K were each linked to a significantly lower risk of depression. Moreover, when evaluating the joint effect of nine essential vitamins (A, B1, B2, B6, B12, C, D, E, and K), a synergistic protective association emerged, with vitamin A contributing most prominently. Lastly, in individuals with type 2 diabetes, Atinafu and Tilahun reported relatively high adherence to dietary recommendations, reinforcing the value of personalized dietary education and sustained counseling efforts to promote long-term adherence and improve clinical outcomes in this population.

The role of mineral homeostasis and nutritional status have been evaluated in various chronic conditions. In a comprehensive national survey analysis by Xia et al., the Magnesium Depletion Score (MDS), an index reflecting systemic magnesium deficiency, was strongly associated with both the prevalence and mortality of urinary incontinence (UI) subtypes, including stress, urgency, and mixed forms. Higher MDS not only correlated with increased severity of UI but also independently predicted all-cause mortality, underscoring magnesium's potential influence on urinary tract health and overall prognosis. Similarly, an analysis by Cao H et al. using NHANES data revealed a protective relationship between higher serum calcium levels and the risk of periodontal disease. Individuals with higher serum calcium exhibited a significantly reduced likelihood of periodontitis. Complementing these mineral-focused findings, Cao X et al. investigated the association between magnesium depletion and gout risk in a large adult population. The study demonstrated a clear positive relationship between higher magnesium depletion and increased gout prevalence, independent of dietary magnesium intake. This highlights the potential role of systemic magnesium deficiency, rather than insufficient intake, in the pathogenesis of gout, suggesting the importance of assessing magnesium status in the management of hyperuricemia-related disorders.

Nutritional status has been assessed through anthropometric, body composition, and functional measures across diverse clinical populations, revealing critical insights into health outcomes. Undernutrition is a major concern among adolescents; for instance, as shown by Zafar et al., the high prevalence of underweight among school-going girls in Pakistan, highlights the urgent need for targeted nutritional education and policy interventions to promote healthy dietary habits and ensure equitable access to safe and nutritious food. In pediatric populations, alterations in body composition can indicate early cardiometabolic risk: longitudinal data by Jin et al. indicated that increasing waist circumference and waist-to-height ratio trajectories in children were associated with higher left ventricular mass index and a greater likelihood of developing left ventricular hypertrophy, underscoring the importance of early lifestyle interventions and continuous monitoring. Among older adults, functional measures such as handgrip strength (HGS) have been explored as potential indicators of nutritional status. In a study by Alamri and Simbawa in hospitalized geriatric patients, HGS was found to be influenced by factors such as advanced age, low hemoglobin, and elevated HbA1c. Although it is a sensitive tool in identifying malnutrition or risk of malnutrition, its low specificity limits its standalone use for diagnosis. Similarly, as reported by Kaluzniak-Szymanowska et al. in older patients with COPD, distinct body composition phenotypes, including sarcopenia, obesity, and sarcopenic obesity, were associated with greater disease severity and significantly impaired physical performance. These findings reinforce the need for comprehensive nutritional evaluations that go beyond traditional measures like body mass index (BMI). Furthermore, a study by Fernández-Jiménez et al. showed that in patients with idiopathic pulmonary fibrosis, sarcopenia was highly prevalent and associated to both disease severity and reduced quality of life. Notably, a combination of anthropometric and functional measures was effective in predicting sarcopenia and 1-year mortality risk, highlighting the importance of early, integrated assessments to inform timely and targeted interventions.

A systematic review by Mentxakatorre et al. highlighted the complex and clinically significant relationship between nutritional status and quality of life in patients with Parkinson's disease (PD). Both motor and non-motor symptoms were found to be influenced by nutritional status, with undernutrition or unintentional weight loss negatively affecting disease progression and functional independence. Additionally, PD treatments were shown to impact body weight, emphasizing the need for continuous nutritional monitoring. Notably, the review highlighted the emerging role of the gut-brain axis: adequate nutritional status was associated with a more balanced intestinal microbiota, which, in turn, was associated with slower cognitive decline, better performance in activities of daily living, and enhanced overall quality of life.

Nutritional status and its prognostic implications have also been assessed adopting several tools and/or indices across diverse clinical populations. These tools are being refined or complemented by emerging methodologies and integrated assessments. For example, the Global Leadership Initiative on Malnutrition (GLIM) criteria remain a cornerstone for malnutrition diagnosis, incorporating parameters such as weight loss, reduced food intake, and inflammation. Recent advances, such as the application of machine learning (Rischmüller et al.) in patients with chronic gastrointestinal diseases, have reaffirmed the value of GLIM while also highlighting additional relevant indicators, such as phase angle, skeletal muscle mass index, limb circumferences, and nutritional biomarkers like albumin and prealbumin, that enhance diagnostic accuracy. Comparative studies further emphasize the variability in malnutrition detection depending on the tools employed. In hospitalized older adults (da Silva et al.), the GLIM criteria identified significantly more malnourished individuals than the Mini Nutritional Assessment (MNA), with a notable proportion classified as severely malnourished. Both tools correlated with frailty and sarcopenia, though the MNA-functional form showed stronger associations, suggesting different clinical utilities in geriatric populations. Beyond diagnostic scope, several indices have demonstrated prognostic value in predicting adverse outcomes. The Prognostic Nutritional Index (PNI), which reflects immunonutritional status, was shown to be independently associated with lower all-cause and cardiovascular mortality among individuals with cardiovascular disease and (pre)diabetes in a large NHANES study by Xu et al.. Similarly, in gynecologic cancer survivors with lower limb lymphedema, the study by Zhu et al. showed that low PNI and serum albumin levels were prevalent and associated with poor nutritional status and anemia, underscoring the importance of routine nutritional monitoring in oncology follow-up care. In patients with CKD (Wang et al.), malnutrition often coexists with systemic inflammation and other metabolic disturbances. Predictive models have identified hypoalbuminemia risk factors, such as anemia, hyponatremia, and hypocalcemia, that can be used to guide early intervention strategies. Moreover, combined markers of nutritional and inflammatory status, such as the Advanced Lung Cancer Inflammation Index (ALI), have emerged as useful predictors of mortality in several chronic diseases. Among asthma and CKD populations (Li et al.), higher ALI scores were consistently associated with reduced risk of all-cause and cardiovascular mortality. In CKD (Zhou et al.), the prognostic significance was particularly notable when depression was also considered: individuals with poor nutritional-inflammatory status and coexisting depressive symptoms had markedly elevated mortality risks, emphasizing the need for integrated psychosocial and nutritional care. Other composite scores, such as the Naples Prognostic Score (NPS), have shown similar utility. As reported by Kang et al., in individuals with COPD, elevated NPS values were linked to greater disease susceptibility, impaired lung function, and increased mortality, especially in smokers. These findings highlight the NPS as a promising tool for early identification and risk stratification. The Oxidative Balance Score (OBS), which integrates dietary and lifestyle-related antioxidant/pro-oxidant exposures, was inversely associated with muscular dystrophy risk, as reported in the study by Tang et al.. This suggests a potential protective role of favorable oxidative balance, expanding the relevance of nutrition-related indices into the neuromuscular disease domain.

Finally, a case-report by Oliveira et al. describes the case of a 78-year-old underweight and weakened male with a history of ischemic stroke and multiple comorbidities. Over a 10-month follow-up period, a percutaneous endoscopic gastrostomy tube was placed, and nutritional management was tailored based on regular biochemical and nutritional assessments. Personalized nutritional intervention, including a caloric surplus and dietary modifications, led to weight gain, improved muscle mass, and enhanced biochemical blood parameters, highlighting the importance of comprehensive nutritional management in post-stroke patients to improve clinical outcomes and quality of life.

In summary, the articles included in this Research Topic highlight the increasingly recognized role of nutrition in the management of several chronic diseases, including renal, respiratory, neurodegenerative, and metabolic disorders. Together, these findings demonstrate how dietary intake, nutritional status, and tailored assessment tools not only inform clinical decision-making but also contribute to preventing complications, enhancing quality of life, and improving patient outcomes. Moving forward, the integration of evidence-based nutritional strategies into routine chronic care, supported by comprehensive, multidimensional assessments, will be essential in advancing more effective, personalized, and patient-centered healthcare models.
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Background: Malnutrition is prevalent among hospitalized older patients. Early identification is therefore essential to implementing appropriate therapeutic interventions. This study aimed to explore the correlation between handgrip strength (HGS) and nutritional status in hospitalized older adults.
Materials and methods: This observational cross-sectional study was conducted at King Abdulaziz University Hospital, where a consecutive cohort of older adult inpatients was enrolled for participation. Shortly after admission, HGS and nutritional status were assessed using a dynamometer and the most recent version of the Mini-Nutritional Assessment Short Form (MNA-SF) test, respectively. Key anthropometric and biochemical indicators were also collected.
Results: A total of 135 consecutive patients were evaluated. Among participants with low HGS, 18 (16.22%) were malnourished, 43 (38.74%) were at risk of malnutrition, and 50 (45.05%) had normal nutrition status. The participants with low HGS had low hemoglobin, low lymphocyte levels, high creatinine levels, high BUN levels, high CRP levels, high HbA1c levels, and high vitamin B12 levels. Multiple logistic regression analysis showed that age, hemoglobin, and HbA1C were independently associated with low HGS. Based on the cut-off values for the HGS by the European Working Group on Sarcopenia in Older People-2 (EWGSOP2), low HGS showed high sensitivity to detect “malnourished and at risk of malnutrition” as well as “malnourished alone;” however, the specificity was low to exclude “malnourished and at risk of malnutrition” as well as “malnutrition alone.”
Conclusion: Age over 75 years, low hemoglobin, and elevated HbA1C levels were independent risk factors for low HGS. While HGS was sensitive in detecting malnutrition or risk, its specificity was low. Therefore, HGS may not be adequate as a standalone tool to assess nutritional status in hospitalized older adults. Replication of this study using locally reliable and validated HGS cut-off values is warranted to confirm these findings.

Keywords
 handgrip strength; nutritional status; older adults; geriatric; Saudi Arabia


1 Introduction

Malnutrition is defined as “a state resulting from the lack of appropriate nutritional intake or uptake that leads to altered body composition (decreased fat-free mass) and body cell mass, leading to diminished physical and mental function and an altered clinical outcome from disease” (1). Nutritional risk or malnutrition is prevalent among hospitalized older patients (2). According to a systematic review, the prevalence rates of individuals at high risk of malnutrition were estimated to be 28.0% in hospital settings and 8.5% in community settings (2). In the hospital setting, malnutrition has been independently linked to a higher risk of adverse consequences, including longer hospital stays, more complications, increased mortality, and higher healthcare expenditures (3, 4). Malnourished patients are also more susceptible to infections, impaired wound healing, and reduced muscle function, all of which contribute to a reduced quality of life and an overall poor prognosis (4). Early identification is therefore essential to mitigate these negative impacts and improve clinical outcomes (5). Traditionally, nutritional status assessment has relied on biochemical markers to identify malnourished patients. However, functional assessment, HGS in particular, has recently gained considerable attention as a potential indicator of nutritional status, signifying a shift in the approach to nutritional assessment (6, 7).

Although a definitive conclusion on the utility of HGS is lacking, research on its correlation with nutritional status is currently limited across many countries, including Saudi Arabia. Hence, the present study aimed to explore whether HGS is a predictor of nutritional status in a cohort of hospitalized older adults in Saudi Arabia.



2 Materials and methods


2.1 Study design

This observational cross-sectional study was conducted during April and May 2022 at King Abdulaziz University Hospital, Jeddah, Saudi Arabia. The study protocol was approved by the Research Ethics Committee (REC) of KAUH (Reference No. 591–21), and all participants provided verbal informed consent.



2.2 Participants

A total of 135 consecutive patients aged 60 years or older were recruited from the medical and surgical wards of King Abdulaziz University Hospital. Data were obtained directly from participants. Patients who were readmitted during the study period, experiencing terminal illness or upper limb disabilities (neurological or musculoskeletal), or were unable to provide consent were excluded from the study.



2.3 Anthropometric and clinical data

Shortly after hospital admission, anthropometric measurements including body mass index (BMI), weight, and height were obtained using standard techniques. Biochemical data were extracted from the electronic medical records including albumin (ALB), total protein (TP), creatinine (Cr), triglycerides (TG), total cholesterol (TC), hemoglobin (Hb), white blood cells (WBC), lymphocytes, blood urea nitrogen (BUN), hemoglobin A1C (HbA1C), and C-reactive protein (CRP). Other information was also collected, such as age, sex, and admission diagnosis.



2.4 Nutritional status measurement

The nutritional status of the patients was estimated using the Mini Nutrition Assessment Short Form (MNA-SF). The form was initially developed in 1994 to assess nutritional and functional status among older patients, as well as to predict mortality. It has been widely used, both in research and in clinical practice, as a simple and inexpensive tool with 96% sensitivity and 98% specificity (8). With the revised MNA-SF, quick screening of potential candidates is allowed, and the tool has increased clinical applicability in clinical practice (8, 9). MNA-SF score ranges from 0 to 14. Subjects who score less than 8 are considered malnourished. At-risk participants score between 8 and 11, while those who are well-nourished score above 12.



2.5 Handgrip strength measurement

The HGS was measured using an electronic handgrip dynamometer (CAMRY, Model 1 EH101). Before the assessment, a healthcare provider provided verbal instructions and demonstrated the test procedure to each participant. The patients were clearly instructed to squeeze the device firmly for 3 s with their dominant hand. The arm and dynamometer were held on the side of the body with the elbow flexed at 90° (10). Every patient was required to perform three maximal isometric contractions while upright, with a minimum of 10 s and a maximum of 30 s of rest between tests. The highest score was then recorded.

Based on the revised algorithm for the diagnosis of sarcopenia of the European Working Group on Sarcopenia in Older People-2 (EWGSOP2), the low grip strength is defined as <16 kg for women and < 27 kg for men (11).



2.6 Statistical analysis

Descriptive statistics were presented for sociodemographic data. The continuous data were presented as mean and standard deviation (SD), and the categorical data were presented as frequencies and percentages. The groups were compared using the Welch two-sample t-test for continuous data, and Pearson’s chi-squared test or Fisher’s exact was used for categorical variables as appropriate. Receiver operating characteristic (ROC) analysis is a powerful tool for evaluating the performance of diagnostic tests that deal with binary outcomes. The area under the ROC curve (AUC) is a single numerical value summarizing the overall performance of the model. An AUC of 1 represents perfect discrimination, while an AUC of 0.5 indicates no better than chance performance. ROC analysis was performed to evaluate the predictive performance of HGS (kg) to malnourished and/or at risk of malnourished versus normal and to detect malnourished versus rest (at risk of malnourished and normal). The sensitivity, specificity, and AUC were evaluated for each of the above ROC analyses and provided 95% confidence intervals.

Logistic regression analysis was performed to identify the factors associated with the low HGS. The baseline characteristics and biochemical markers that were significant at group comparisons were used as exposure variables. Stepwise variable selection was adopted to identify the independent variables associated with low HGS. A p-value of <0.05 was considered significant. R programming language version 3.6.3 was used for the analysis.




3 Results


3.1 Baseline characteristics

In this study, 135 participants aged 60 years and older were included; of whom, 50.4% were women (n = 68). Approximately one-third (30.4%) of the participants were illiterate, and the majority (68.9%) were married. Approximately three-quarters (73.3%) of the participants were non-smokers, and 38.5% (n = 52) had a BMI between 25.0 and 29.9. Diabetes, hypertension, heart disease, cancer, and polypharmacy were the most prevalent conditions among the participants. The baseline characteristics of the study population are presented in Table 1.



TABLE 1 Baseline characteristics of the study participants.
[image: Table showing variables with corresponding numbers and frequencies. Age group: under seventy-five years, seventy-three point three percent; seventy-five years and older, twenty-six point seven percent. Gender: women, fifty point four percent; men, forty-nine point six percent. Occupation: employed, twenty-five point nine percent; unemployed or retired, seventy-four point one percent. Educational level ranges from illiterate to higher education, with the highest at primary school, seventeen percent. Marital status is mostly married, sixty-eight point nine percent. BMI: overweight, thirty-eight point five percent. Health conditions include diabetes mellitus, hypertension, and more.]



3.2 Nutritional status assessment

According to the MNA-SF classification, 14.1% (n = 19) of the study participants were malnourished, 37% (n = 50) were at risk of malnutrition, and 48.9% (n = 66) had normal nutritional status (Figure 1). The MNA-SF score did not differ significantly between men and women.

[image: Pie chart titled "MNA-SF" showing nutritional status percentages: 37.0% at risk of malnutrition in blue, 14.1% malnourished in orange, and 48.9% with normal nutritional status in gray.]

FIGURE 1
 Nutritional status according to MNA-SF.




3.3 Handgrip strength assessment

The average value of the strength of the handgrip was 17.027 kg in men and 10.625 kg in women. Low HGS was prevalent in 82.2% of the participants (Figure 2). There was a statistically significant difference in low HGS with respect to age group, occupation, and education level (p < 0.05). A higher percentage of those with low HGS had cardiac diseases compared to those with normal HGS (54 (48.6%) versus 5 (20.8%), p = 0.013). Similarly, a higher percentage of those with low HGS had kidney disease compared to those with normal HGS [26 (23.4%) versus 1 (4.16%), p = 0.045]. Among those who had normal HGS, 1 (4.16%) was malnourished, 7 (29.16%) were at risk of malnourished, and 16 (66.67%) had normal nutritional status. On the other hand, among those who had low HGS, 18 (16.22%) were malnourished, 43 (38.74%) were at risk of malnutrition, and 50 (45.05%) had normal nutrition status (Table 2).

[image: Pie chart titled "Hand Grip Strength" showing two categories: Low HGS in blue covering most of the chart, and Normal HGS in orange covering a smaller segment.]

FIGURE 2
 Hand grip strength (HGS).




TABLE 2 The correlation between HGS and baseline characteristics.
[image: Table comparing characteristics of individuals with low hand grip strength (HGS) and normal HGS. Categories include age groups, gender, BMI, occupation, education, marital status, and various health conditions. Significant differences found in age group, occupation, educational level, cardiac disease, and kidney disease, indicated by p-values less than 0.05.]

In addition, the participants with low HGS had low hemoglobin levels (p < 0.001), low lymphocyte levels (p = 0.040), high creatinine levels (p = 0.004), high BUN levels (p = 0.007), high CRP levels (p = 0.007), high HbA1c levels (p = 0.029), and high vitamin B12 levels (p = 0.042) (Table 3).



TABLE 3 The correlation between HGS and biochemical markers.
[image: Table comparing low and normal handgrip strength (HGS) groups across various characteristics: hemoglobin, WBC, lymphocytes, creatinine, BUN, CRP, HbA1c, cholesterol, triglyceride, protein, albumin, vitamin D, and B12. Significant differences (p < 0.05) appear in hemoglobin, lymphocytes, creatinine, BUN, CRP, HbA1c, and vitamin B12.]

Logistic regression analysis showed that age, hemoglobin level, and HbA1C were independently associated with low HGS. Age above 75 years was associated with a high risk of low HGS, with an odds ratio of 20.47 (95% CI: 3.006–447.0, p = 0.011). High hemoglobin was inversely associated with low HGS, with an odds ratio of 0.526 for each unit increase (95%CI: 0.364–0.706, p < 0.001). High HbA1C levels were also associated with a high risk of low HGS, with an odds ratio of 1.324 for each unit increase (95%CI, 1.084–1.677, p = 0.011) (Table 4).



TABLE 4 Parameter estimates and odds ratio of factors associated with low HGS.
[image: Table displaying logistic regression results with variables: Intercept, Age over seventy-five years, Hemoglobin (Hb) per unit increase, and HbA1c per unit increase. Each variable shows estimates, standard errors, Z values, and p-values. Odds ratios (OR) with ninety-five percent confidence intervals are provided: Age > seventy-five years has OR 20.47, Hb has OR 0.526, and HbA1c has OR 1.324.]



3.4 ROC curve

ROC curve analysis was performed to examine the sensitivity and specificity of the observed HGS and nutritional status. An HGS () score of 27 for men showed a sensitivity of 93.75% and a specificity of 22.6% to detect malnourished or at risk of malnourished participants. ROC analysis showed an area under the curve of 70.8% (95%CI: 58.44–83.16%) (Figure 3). An HGS (kg) score of 16 for women showed a sensitivity of 86.5% and a specificity of 19.3% to detect malnourished or at risk of malnourished participants. ROC analysis showed an area under the curve of 59.9% (95%CI: 46.39–73.49%) (Figure 4).

[image: ROC curve showing the relationship between sensitivity (vertical axis) and specificity (horizontal axis). The curve steps upward, indicating increasing sensitivity with decreasing specificity, against a diagonal reference line. The shaded area under the curve highlights accuracy.]

FIGURE 3
 ROC curve of males to detect malnourished or at risk of malnourished using Hand Grip Strength Kg score.


[image: ROC curve graph showing sensitivity versus specificity as percentages. The curve rises from the bottom right to the top left, crossing the diagonal reference line. The shaded area represents the curve's area under analysis.]

FIGURE 4
 ROC curve of females to detect malnourished or at risk of malnourished using Hand Grip Strength Kg score.


An HGS (kg) score of 27 for men showed a sensitivity of 100 and a specificity of 17.6% to detect malnourished participants. ROC analysis showed an area under the curve of 71.3% (95%CI: 58.64–88.06%) (Figure 5). An HGS (kg) score of 16 for women showed a sensitivity of 87.5% and a specificity of 16.7% to detect malnourished participants. ROC analysis showed an area under the curve of 67.2% (95%CI: 44.79–89.68%) (Figure 6).

[image: Receiver Operating Characteristic (ROC) curve showing the trade-off between sensitivity and specificity. The curve rises from the bottom left to the top right, demonstrating model performance with a shaded area under the curve. Specificity is along the x-axis and sensitivity is along the y-axis.]

FIGURE 5
 ROC curve of males to detect malnourished using Hand Grip Strength Kg score.


[image: ROC curve displaying sensitivity versus specificity. The curve rises steeply, indicating good diagnostic ability. The diagonal line represents random chance. The graph is shaded below the curve.]

FIGURE 6
 ROC curve of females to detect malnourished using Hand Grip Strength Kg score.





4 Discussion

This study was conducted to estimate the correlation between HGS and nutritional status. Patients with low HGS on assessment had lower MNA-SF scores than those with normal HGS. This correlation has been confirmed in previous studies (12–14). Norman et al. also identified malnutrition as an independent risk factor for reduced muscle strength (7). Thus, there is a bidirectional relationship between HGS and nutritional status.

Our study identified lower HGS as a significant risk factor for both cardiac (p = 0.01) and kidney (p = 0.045) diseases. Low HGS has been found to increase the risk of cardiovascular mortality and cardiovascular events (15, 16). This link between HGS and cardiovascular outcomes can be attributed to a variety of possible explanations. People with a lower HGS may be generally less healthy than those with a higher HGS (17). Moreover, higher strength levels are often linked to engagement in resistance training, which, in turn, is associated with a reduced cardiovascular disease (CVD) risk score (18).

Our study also determined advancing age as an independent risk factor for low HGS in hospitalized older men and women (p = 0.006). This is in line with previous studies (19–21).

In addition, reduced HGS was strongly correlated with lower Hb levels (p < 0.05). According to Sutandyo et al. (21) and Gi et al. (22), a significant correlation between HGS and anemia was present in those over the age of 65 years. In the study by Hirani et al. (23), the decline in HGS in Australian older participants was directly related to the decline in Hb concentration. Pennix et al. (24) also reported that older participants with anemia had much lower HGS than those without anemia.

Furthermore, approximately 70% of our patients with low HGS had diabetes. Consequently, elevated levels of HbA1C were significantly correlated with low HGS. According to Mainous et al. (25) low HGS was associated with undiagnosed and diagnosed diabetes and hypertension, even among individuals with a healthy BMI. Similar findings were also reported by de Carvalho e Silva et al. (26), who identified incrementally lower grip strength in individuals with diabetes and osteoarthritis.

In our study, we observed a high sensitivity of HGS in detecting malnutrition among hospitalized older adults. However, its sensitivity was significantly low. This finding substantiates the hypothesis that HGS alone may not be sufficient for diagnosing malnutrition in this patient group.

The limited number of our participants diagnosed with malnutrition (n = 19) likely influenced this finding (19). Additionally, the cut-off points chosen for HGS measurement in this study may not have been optimized for our population and could have influenced the specificity of our results (19). White et al. (6) argued against the applicability of reduced HGS in cases of moderate malnutrition, highlighting potential limitations in its diagnostic utility. In addition, Norman et al. (7) suggested that in older individuals, muscle strength may serve as a marker of frailty rather than nutritional status. Moreover, factors such as the underlying causes of malnutrition and the duration of malnutrition could have influenced the variability in HGS measurements (19).

There were several limitations to our study. First, the relatively modest sample size could potentially reduce the generalizability of our findings. Second, the lack of consensus on HGS assessment protocols in the literature is likely associated with an increased probability of intra- and inter-test reliability. Third, the reliance on HGS cut-offs established by the European Working Group on Sarcopenia in Older People-2 (EWGSOP2), where low grip strength is defined as <16 kg for women and < 27 kg for men, may not be applicable to our population in Saudi Arabia and might have impacted the sensitivity and specificity results (27). Finally, several confounding factors, such as type of medications, socioeconomic status, and dietary habits, could influence both HGS and nutritional status, and these factors were not evaluated or analyzed in this study.



5 Conclusion

In our study, age above 75 years, low hemoglobin, and high HbA1C levels were independent risk factors for low HGS. Although low HGS showed high sensitivity in detecting malnourished individuals or those at risk of malnutrition, its specificity was low. Thus, relying solely on HGS may not suffice for assessing the nutritional status of hospitalized older adults. Replication of this study using locally reliable and validated HGS cut-off values for the Saudi population is warranted to confirm our findings.
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Introduction: This research utilized data from the NHANES 2011–2018 study to investigate the connection between the Oxidative Balance Score (OBS) and muscular dystrophies.
Methods: This study is a cross-sectional, observational, secondary analysis utilizing data from the NHANES 2011-2018. Spearman’s correlation, chi-square tests, logistic regression, and restricted cubic spline plots were employed for statistical analyses.
Results: This association remained significant after adjustment for various demographic and medical history factors (For continuous OBS: crude model, odds ratio [OR], 0.95, 95% confidence interval [CI:] 0.94, 0.97, p < 0.001; Model 1, OR, 0.94, 95% CI: 0.92, 0.96, p < 0.001; Model 2, OR, 0.95, 95% CI: 0.93, 0.97, p < 0.001; Model 3, OR, 0.95, 95% CI: 0.93, 0.97, p < 0.001; In quartile Q4 vs. Q1: Crude model, OR, 0. 42, 95% CI: 0.26, 0.66, p < 0.001; Model 1, OR, 0.33, 95% CI: 0.21, 0.52, p < 0.001; Model 2, OR, 0.37, 95% CI: 0.23, 0.58, p < 0.001; Model 3, OR, 0.38, 95% CI: 0.23, 0.60, p < 0.001). Restricted cubic spline (RCS) analysis further supported this inverse relationship, suggesting that OBS values above 10 may confer protection against muscular dystrophies (p for overall <0.001, p for non-linear = 0.536). However, the relationship between OBS and muscular dystrophies was not statistically significant in the subgroups with education level below high school, presence of cancer, or diabetes (p = 0.735, p = 0.574, p = 0.409, respectively).
Conclusion: The study found a significant inverse correlation between the OBS and muscular dystrophies, suggesting that individuals with higher oxidative balance had a lower risk of developing muscular dystrophies. The study highlights the potential role of oxidative balance in muscular dystrophies prevention and management.
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1 Introduction

Muscular dystrophies, a condition characterized by age-related loss of skeletal muscle mass, strength, and function, has garnered significant attention as a public health concern worldwide (1, 2). In the United States, the prevalence of muscular dystrophies is estimated to be between 5 and 13% in individuals aged 60 years and older, with a greater burden in racial and ethnic minority groups (3, 4). As the global population ages, the prevalence of muscular dystrophies are expected to rise, posing a substantial burden on healthcare systems, and reducing the quality of life for affected individuals (5, 6). The loss of muscle mass not only impairs physical function but also increases the risk of adverse health outcomes, such as disability, falls, and mortality (7, 8). The consequences of muscular dystrophies extend beyond physical limitations, as it is closely linked to metabolic disorders, such as insulin resistance and type 2 diabetes (9, 10). Furthermore, muscular dystrophy is associated with an increased risk of hospitalization and mortality, highlighting its impact on public health (11).

Several factors contribute to the development of muscular dystrophy, including age-related changes in muscle biology, hormonal alterations, nutritional deficiencies, physical inactivity, and chronic diseases (12–14). Oxidative stress, characterized by an imbalance between the production of reactive oxygen species and the body’s antioxidant defenses, has been proposed as a potential mechanism linking these factors to muscular dystrophy (15, 16). The oxidative balance score (OBS), a measure of the overall oxidative stress status in the body, has been shown to be associated with muscle mass and function in previous studies (17). Xu et al. (18) reported a negative association between OBS and sarcopenia (odd ratio = 0.94, 95%CI 0.92 to 0.96, p < 0.001), Cai et al. (19) and Zhao et al. (20) indicated similarly. Therefore, investigating the relationship between oxidative balance score and sarcopenia may provide valuable insights into the pathogenesis of this condition and identify potential targets for intervention.

In this study, we utilize data from the National Health and Nutrition Examination Survey (NHANES) 2011–2018 dataset to examine the association between oxidative balance score and muscular dystrophies. By analyzing this comprehensive dataset, we aim to provide a more accurate understanding of the burden of muscular dystrophies in the United States and its potential links to oxidative stress. The findings of this study may inform future public health interventions and policies aimed at preventing and managing muscular dystrophies, ultimately improving the health and well-being of people with muscular dystrophies.



2 Materials and methods


2.1 Study design and population

This study is a cross-sectional, observational, secondary analysis utilizing data from the NHANES 2011–2018. NHANES is a continuous, nationwide survey conducted by the National Center for Health Statistics that assesses the health and nutritional status of a representative sample of the non-institutionalized U.S. population. The survey employs a complex, stratified, multistage probability sampling design to ensure that the data collected are generalizable to the U.S. population. The dataset is available online at https://www.cdc.gov/nchs/nhanes/index.htm.

The study population included all individuals aged from 8 to 59 years who participated in the NHANES survey during 2011–2018. The inclusion criterion was based on the availability of complete whole-body dual-energy X-ray absorptiometry (DEXA) data. Participants with missing data on DEXA, body mass index (BMI), OBS, demographic information [race, gender, education level, marital status, and poverty income ratio (PIR)], and medical history (hypertension, high cholesterol, diabetes, and cancer) were excluded from the analysis (Figure 1).

[image: Flowchart detailing participant selection from NHANES 2011-2018. Begins with 39,156 participants. Excludes based on age, missing data on Dual-energy X-ray Absorptiometry, disease history, oxidative balance score, and demographics. Final sample size for study is 4,172 participants.]

FIGURE 1
 Flow chart of participants selection. NHANES, National Health and Nutrition Examination Survey.




2.2 Outcome definitions

The primary outcome of this study was the presence of muscular dystrophies, which was assessed using DEXA whole-body files from the examination data. Prior to analysis, participants were excluded if they were taller than 192.5 cm, weighed more than 136.4 kg, or were pregnant. Appendicular lean mass (ALM) is the sum of the mineral content of the lean body mass of the left and right arms and legs (in grams). Muscular dystrophies were defined based on ALM:BMI <0.789 for men and <0.512 for women, according to criteria established in previous research (21).



2.3 Exposure definitions

The exposure indicator in this study was the previously defined OBS (22, 23). The OBS is a composite score that captures the balance of antioxidant and pro-oxidant factors in an individual’s diet and lifestyle. The dietary components were obtained from the Dietary Interview – First Day Total Nutrient Intakes dataset and included dietary fiber, carotene, riboflavin, niacin, total folate, vitamin B12, vitamin C, vitamin E, calcium, magnesium, zinc, copper, selenium, total fat, and iron. Researchers obtained the data by interviewing participants regarding the types and amounts of food they intake during the 24-h period prior to the interview and then calculated the values using the Food and Nutrient Database for Dietary Studies (FNDDS) provided by the U.S. Department of Agriculture. Lifestyle components included physical activity, alcohol, BMI, and cotinine. These components were classified as antioxidants, with the exception of total fat, iron, alcohol, BMI, and cotinine, which were classified as prooxidants. To account for the different scales of the variables, the OBS data were categorized into three tertiles for males and females, respectively (Supplementary Table S1). For the antioxidant components, a score from 0 to 2 was assigned based on the level of intake, with higher values indicating greater antioxidant capacity. Conversely, for the pro-oxidant components, a score ranging from 2 to 0 (alcohol: 1 to 0) was assigned, with higher values indicating a greater pro-oxidant effect. The scores for each component were then summed to obtain the OBS score.



2.4 Covariates

The covariates used in this study were categorized into two broad categories: demographic characteristics and medical history. These covariates were selected to account for potential confounding factors that could influence the association between oxidative balance score and muscular dystrophies. Demographic characteristics included age, gender, race, education level, marital status, and PIR. Age was measured as a continuous variable, while gender was categorized as male or female. Race was classified into four categories: Non-Hispanic White, Non-Hispanic Black, Mexican American, and Other Race. Education level (only individuals aged 20 and above) was divided into two groups: below high school and high school or above. Marital status was simplified into married or unmarried. PIR, a measure of economic status, was considered a continuous variable. Medical history was captured through self-reported questionnaire data, assessing the presence of hypertension, high blood cholesterol level, cancer, or diabetes. These conditions were individually categorized as a history of the disease (yes or no) based on the participant’s response to the questionnaire (“have you ever been told by a doctor or other health professional that you had the disease”).



2.5 Statistical analysis

Baseline characteristics of the study population were described using muscular dystrophies status (presence or absence) and OBS quartiles. Continuous variables were presented as means and standard deviations, and Spearman’s correlation coefficients were used to assess differences between groups. Categorical variables were described with frequencies and percentages, and chi-square tests were performed to compare group differences. Logistic regression was employed to examine the association between OBS and muscular dystrophies, with adjustment for potential confounding factors. Model 1 was adjusted for age, gender, and race. Model 2 included additional adjustments for education level, marital status, and PIR. Model 3 further adjusted for hypertension, high cholesterol, cancer, and diabetes. Restricted cubic spline (RCS) plots were used to examine the non-linear relationship between muscular dystrophies and OBS. Subgroup analyses were conducted to evaluate interactions between muscular dystrophies and OBS in different populations. All data were weighted using NHANES standard weights to ensure representativeness of the results. Statistical analyses were performed using R software version 4.3.2. Statistical significance was defined as a two-tailed p-value <0.05.




3 Results


3.1 Baseline characteristics

A total of 4,172 participants were included in the study, of whom 320 (7.7%) met the criteria for muscular dystrophies and 3,852 (92.3%) were muscular non-dystrophies (Table 1). The mean age of the participants was 38.4 years, with those diagnosed with muscular dystrophies being older (42.7 years) than those without muscular dystrophies (38.0 years, p < 0.001). There were more males (56.0%) and a higher proportion of individuals with a high school education or higher (83.3%) in the muscular non-dystrophies group (p = 0.977, p < 0.001, respectively). In addition, the Mexican American (15.5%) and non-Hispanic Black (19.9%) races were less prevalent in the muscular non-dystrophies group (p < 0.001). Furthermore, participants with muscular dystrophies had a lower PIR (2.04) compared to those without (2.40, p < 0.001). The prevalence of cancer, hypertension, high cholesterol, and diabetes was higher in the muscular non-dystrophies group (p = 0.006, p < 0.001, p < 0.001, p < 0.001, respectively). OBS (mean: total OBS, 20.0; dietary OBS, 16.3; lifestyle OBS, 3.66) was significantly lower in the muscular dystrophies group compared to the muscular non-dystrophies group (total OBS, 20.1 vs. 18.4, p < 0.001; dietary OBS, 16.4 vs. 15.1, p = 0.002; lifestyle OBS, 3.70 vs. 3.26, p < 0.001). Table 2 shows the baseline characteristics of all participants grouped by quartile of OBS. Participants in the Q4 group had a decreasing trend in the prevalence of muscular dystrophies (5.6%) compared to those in the Q3 group (7.23%), Q2 group (8.58%), Q1 group (9.34%). The age distribution was slightly higher in Q3 and Q4 groups compared to Q1 and Q2 groups. Regarding gender, there was a higher percentage of males in the Q4 group compared to the Q1 group. Educational attainment was higher in the Q4 group, with fewer individuals having less than a high school education. The PIR was highest in the Q4 group, indicating a higher economic status. The prevalence of cancer, hypertension, high cholesterol, and diabetes was lower in the Q4 group than in the Q1 group. Baseline characteristics based on the quartile dietary and lifestyle OBS are summarized in Supplementary Tables S2, S3, respectively.



TABLE 1 Baseline characteristics of all participants by sarcopenia.
[image: Table comparing characteristics of individuals with and without muscular dystrophy from a sample of 4,172 people. It includes variables such as age, gender, education, race, marital status, poverty income ratio, cancer, hypertension, high cholesterol, diabetes, and various health scores. Significant p-values indicate differences in age, education, race, hypertension, high cholesterol, diabetes, poverty income, and health scores between groups. Muscular dystrophy is present in 320 individuals, with key differences noted in age and lifestyle scores.]



TABLE 2 Baseline characteristics of all participants by oxidative balance score.
[image: Table displaying variables related to oxidative balance scores across four quartiles (Q1 to Q4) with sample sizes and p-values. Variables include muscular dystrophies, age, gender, education, race, marital status, poverty income ratio, cancer, hypertension, high cholesterol, and diabetes. Significant p-values are highlighted for muscular dystrophies, age, education, race, marital status, poverty income ratio, and hypertension.]



3.2 Relationship between OBS and muscular dystrophies

The results of multivariate logistic regression suggested a significant correlation between the dependent variable muscular dystrophies and the independent variable OBS (Table 3). The dietary and lifestyle OBS likewise demonstrated a significant association with muscular dystrophies (Supplementary Tables S4, S5, respectively). In the crude model, a significant inverse association was observed with an odds ratio (OR) of 0.95 (95% confidence interval [CI]: 0.94, 0.97), indicating that higher OBS was associated with a lower risk of muscular dystrophies (p < 0.001). After adjusting for age, gender, and race in model 1, the association remained significant with an OR of 0.94 (95% CI: 0.92, 0.96) (p < 0.001). Further adjustment for education level, marital status, and PIR in model 2 resulted in an OR of 0.95 (95% CI: 0.93, 0.97) (p < 0.001). Model 3, which included additional adjustments for hypertension, high cholesterol, cancer, and diabetes, also showed a significant inverse association with an OR of 0.95 (95% CI: 0.93, 0.97) (p < 0.001). In quartile Q4, the OR for muscular dystrophies was 0.42 (95% CI: 0.26, 0.66) in the crude model, 0.33 (95% CI: 0.21, 0.52) in model 1, 0.37 (95% CI: 0.23, 0.58) in model 2, and 0.38 (95% CI: 0.24, 0.60) in model 3, with p-values for trend <0.001 in all models.



TABLE 3 Association of oxidative balance score with muscular dystrophies.
[image: A table showing odds ratios and p-values for muscular dystrophies across different models. It includes continuous and quartile data (Q1 to Q4) for crude, Model 1, Model 2, and Model 3. OR ranges from 0.33 to 1.00, with p-values all below 0.05. Adjustments for age, gender, race, education, marital status, PIR, hypertension, cholesterol, cancer, and diabetes are noted.]



3.3 RCS analysis

The RCS analysis was conducted to assess the relationship between OBS and muscular dystrophies, adjusting for covariates in model 3. The analysis was stratified by the overall population as well as male and female groups to explore the potential non-linear associations. The RCS curve shown in Figure 2 indicated a significant association between OBS and muscular dystrophies in the overall population (p-overall < 0.001). However, there was no evidence of a non-linear association (p for non-linear = 0.536). This suggests that with adjustment for covariates in model 3, as OBS increases, the odds of muscular dystrophies decrease linearly. The inflection point at OBS = 10.0 indicates that an OBS greater than 10 may have a protective effect on the occurrence of muscular dystrophies. In the male population, RCS analysis indicated a linear relationship between OBS and muscular dystrophies (p-overall = 0.002, p for non-linear = 0.194, Supplementary Figure S1). Similar results were observed in the female population (p-overall < 0.001, p for non-linear = 0.500, Supplementary Figure S2).

[image: Four-panel graph visualizing odds ratio (OR) and observations (OBS) with confidence intervals. Each panel features a red solid line representing estimation and a dashed line for the 95% confidence interval. P-values under 0.001 and non-linear p-value 0.536. Top left shows OR vs OBS; top right includes percentage of population. Bottom left plots OR against OBS with vertical marker; bottom right includes diversity index curve.]

FIGURE 2
 Restricted cubic spline (RCS) analysis of the association between OBS and muscular dystrophies with number, bar chart of proportion, and density. The association was adjusted for age, gender, race, education level, marital status, poverty income ratio, hypertension, high cholesterol, cancer, and diabetes. The median OBS was chosen as the reference. RCS, restricted cubic spline; OBS, oxidative balance score.




3.4 Subgroup analysis

Subgroup analysis was performed to evaluate the potential interaction between OBS and muscular dystrophies in several subgroups, including gender, race, education level, marital status, hypertension, high cholesterol, cancer, and diabetes (Figure 3). Overall, there was no statistically significant interaction between OBS and muscular dystrophies in any of the subgroups (all p-values for interaction >0.05). However, the association between OBS and muscular dystrophies was not statistically significant in the subgroups with education level below high school, presence of cancer, or diabetes (p = 0.735, p = 0.574, p = 0.409, respectively).

[image: Forest plot showing odds ratios with 95% confidence intervals for various subgroups, including gender, race, education, marital status, cancer, hypertension, high cholesterol, and diabetes. Each subgroup lists odds ratios, confidence intervals, and p-values. Significant results are indicated by values significantly deviating from one and having low p-values, demonstrating differences in outcomes across these categories.]

FIGURE 3
 Subgroup analyses of the association between oxidative balance score and muscular dystrophies.





4 Discussion

This study sought to explore the association between the OBS and muscular dystrophies among a sample of participants from the NHANES 2011–2018. The findings revealed a significant inverse relationship between OBS and muscular dystrophies in the US population, indicating that higher oxidative balance was associated with a lower risk of muscular dystrophies. This relationship remained significant after adjusting for several covariates, suggesting that oxidative balance may play a crucial role in the development and progression of muscular dystrophies (19).

The observed inverse relationship between OBS and muscular dystrophies is consistent with previous findings linking oxidative stress to age-related muscle loss (18–20, 24). Oxidative stress, characterized by an imbalance between the production of reactive oxygen species and the body’s antioxidant defenses, has been proposed as a potential mechanism linking various factors, such as age-related changes in muscle biology, hormonal changes, nutritional deficiencies, physical inactivity, and chronic diseases, to muscular dystrophies (12, 15, 25, 26). OBS, a measure of indirect oxidative stress status in the body, has been shown in previous studies to be associated with muscle mass and function (27, 28). Therefore, the inverse association observed in this study underscores the potential role of oxidative balance in the pathogenesis of muscular dystrophies and highlights the importance of interventions targeting oxidative balance to prevent and treat muscular dystrophies. In addition, the association of dietary OBS and lifestyle OBS with muscular dystrophies are also noteworthy. Dietary OBS, which captures the balance of antioxidant and pro-oxidant factors in an individual’s diet, has been shown in previous studies to be associated with muscle mass and function (29, 30). Similarly, Lifestyle OBS, which reflects the balance of antioxidant and pro-oxidant factors in an individual’s lifestyle, has also been associated with muscle health (31). In this study, both Dietary OBS and Lifestyle OBS showed significant associations with muscular dystrophies, further supporting the role of oxidative balance in the development of muscular dystrophies.

Furthermore, evidence from previous research supports the notion that antioxidant factors can play a protective role against muscular dystrophies. For instance, dietary antioxidants such as vitamin C, vitamin E, and carotenoids have been shown to have a beneficial effect on muscle mass and strength (25, 32). These antioxidants can reduce oxidative stress and protect muscle fibers from damage, thereby potentially preventing the development of sarcopenia (32–34). Additionally, physical activity, which is classified as an antioxidant factor in the OBS, has been linked to increased muscle mass and strength, probably through its anti-inflammatory and antioxidant effects (35, 36). On the other hand, pro-oxidant factors, such as certain types of dietary fat, alcohol, and tobacco, have been associated with an increased risk of sarcopenia (37, 38). These factors can exacerbate oxidative stress and lead to muscle damage and loss (39). Oxidative stress could lead to an imbalance in protein synthesis and degradation, thereby increasing muscle catabolism and protein breakdown (18). Furthermore, oxidative stress may disrupt calcium homeostasis within muscle cells, impairing muscle contraction and relaxation functions, and ultimately contributing to the development of muscular dystrophies (29). Therefore, maintaining a balanced diet and lifestyle, rich in antioxidants and low in pro-oxidants, may be an effective strategy for preventing muscular dystrophies.

The RCS analysis further supported the inverse relationship between OBS and muscular dystrophies, indicating a linear decrease in the odds of muscular dystrophies as OBS increased. This finding suggests that higher OBS values may have a protective exogenous effect against the occurrence of muscular dystrophies. The inflection point of the RCS plots further underscores the potential protective effect of an OBS greater than 10 in reducing the risk of muscular dystrophies. This finding is particularly meaningful as it provides a potential target for interventions aimed at improving oxidative balance to reduce the risk of muscular dystrophies.

Subgroup analysis revealed no statistically significant interaction between OBS and muscular dystrophies in various demographic and medical history subgroups. However, the association between OBS and muscular dystrophies were not statistically significant in the subgroups with education level below high school, presence of cancer, or diabetes. This could be due to the potential influence of the categorical nature of these variables on the association between OBS and muscular dystrophies. First, the potential influence of socioeconomic status on dietary and lifestyle choices may have obscured the relationship between OBS and muscular dystrophies (18). Lower socioeconomic status is associated with less access to nutritious foods and health-promoting activities, which may affect oxidative balance and muscle health (40). In addition, individuals with lower levels of education may have less awareness or access to health information and resources, further complicating the association between OBS and muscular dystrophies (18). In the subgroup with a history of cancer, the potential effects of cancer and its treatment on muscle health and oxidative balance may have confounded the observed association between OBS and muscular dystrophies (8). Cancer and cancer therapy can lead to significant changes in muscle mass and function, as well as changes in antioxidant status, which may explain the lack of a significant association in this subgroup (41, 42). In the subgroup with diabetes, the complex interplay of metabolic factors associated with diabetes, such as insulin resistance and inflammation, may have influenced the relationship between OBS and muscular dystrophies (9, 43). Furthermore, it has been reported that ischemic heart disease and frailty may be associated with the body’s antioxidant function (44, 45). These metabolic changes may independently affect muscle health and oxidative balance, potentially masking the impact of OBS on muscular dystrophies (9). This nuanced finding highlights the complexity of the relationship between oxidative balance and muscular dystrophies and underscores the need for further investigation of potential interactions in specific subgroups and different levels of molecular organization.

Limitations of this study include reliance on self-reported data, potential unmeasured confounders (such as nutritional supplements), and the cross-sectional nature of the analysis, which limits causal inference. In future research, longitudinal studies and intervention trials may provide further insight into the causal relationship between oxidative balance and muscular dystrophies. In addition, exploring the mechanistic pathways underlying the observed associations and investigating the impact of lifestyle interventions on oxidative balance and muscular dystrophies could improve our understanding of these complex interactions and inform targeted interventions to optimize muscle health in at-risk populations.



5 Conclusion

In conclusion, this study provides evidence of a significant inverse association between OBS and muscular dystrophies in the US population, being significant in the group with a better oxidative balance. The findings highlight the importance of interventions targeting oxidative balance, such as dietary and lifestyle modifications, to promote muscle health and reduce the risk of muscular dystrophies. Future longitudinal studies and intervention trials are needed to further explore the causal relationship between oxidative balance and muscular dystrophies and to inform the development of effective public health strategies for the prevention and treatment of muscular dystrophies.
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Purpose: Changes in nutritional status are important extrapulmonary manifestations of the chronic obstructive pulmonary disease (COPD). The study aimed to assess the prevalence of different body composition phenotypes in older patients with COPD and to investigate the relationship between these phenotypes and the severity of the disease, as well as physical performance of the subjects.
Patients and methods: The study included 124 subjects aged ≥60 with COPD. In all of them body composition analysis and muscle strength measurement were performed. Additionally, data from patients’ medical records were analyzed. Study sample was divided into four groups based on the phenotypic body composition: normal phenotype (N), sarcopenia, obesity and sarcopenic obesity (SO).
Results: Incidence of sarcopenia was significantly higher in patients with severe or very severe COPD based on GOLD in comparison with subjects with mild or moderate obstruction (p = 0.043). Participants with sarcopenia, obesity and SO had lower results of the 6-min walk test than subjects with N (225.77 m, 275.33 m, 350.67 m, 403.56 m, respectively). Moreover, sarcopenia and SO had lower results than obesity (p = 0.001, p = 0.041, respectively).
Conclusion: Sarcopenia is common in patients with advanced COPD. Sarcopenia and SO are associated with poorer physical performance. All older people with COPD should routinely have their body composition assessed, instead of simply measuring of body weight or body mass index (BMI).
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1 Introduction

According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) from 2023, chronic obstructive pulmonary disease (COPD) is one of the top three leading causes of death worldwide (1). Estimates suggest that the prevalence of diagnosed COPD among older individuals (21%) is almost twice as high as in the general population (12%) (2).

Changes in nutritional status are essential extrapulmonary manifestations of COPD. These include obesity and sarcopenia, which coexist with a chronic inflammatory state and negatively affect the course of the disease.

The rate of catabolic processes in COPD patients is increased, directly leading to muscle protein damage. Additionally, the synthesis of muscle proteins is disrupted in these subjects (3, 4). On the other hand, COPD, especially during exacerbations, results in reduced physical activity and decreased food intake (including protein-rich foods), which may lead to both muscle mass and strength loss (4). While sarcopenia is common among patients with COPD, its prevalence varies depending on the diagnostic criteria used. When a diagnosis of sarcopenia is based solely on low muscle mass, its prevalence in COPD patients is as high as 34%. Combining low muscle mass with low muscle strength or physical performance results in an essentially lower percentage (15.5%) of diagnosed sarcopenia (3). Regardless of the diagnostic criteria, sarcopenia is significantly more frequent in patients with COPD stage 3 or 4 and is associated with decreased quality of life, more frequent hospitalizations, and increased risk of death (3–7).

Obesity is most often observed in patients with mild to moderate obstruction (16–24%) and less frequently in those with severe obstruction (6%) (8). Excessive body weight in a subject with COPD may result in decreased exercise capacity and exacerbation of dyspnea, negatively affecting the patient’s quality of life (9). Even though obesity is a risk factor for numerous metabolic diseases, an “obesity paradox” was described in subjects with COPD: the lowest mortality was observed in individuals with a Body Mass Index (BMI) above the norm, i.e., >25 kg/m2 (but less than 32 kg/m2). The mechanism behind this phenomenon remains unclear. Presumably, it is the high muscle mass in obese individuals that contributes to their better prognosis rather than the high total body mass (8, 10, 11). Another explanation of the “obesity paradox” may be that nutritional status is assessed with BMI, which is not a measure of body composition (12). It should be emphasized that obesity, understood as a high percentage of body fat, may coexist with low muscle mass (especially in older people). This condition is termed sarcopenic obesity. This phenomenon is supposed to be more common in COPD patients than in the general population (12) and is associated with a worse prognosis than obesity or sarcopenia independently (12–16).

Studies comparing body composition phenotypes in COPD patients are sparse (14, 15), and none uses current diagnostic criteria for sarcopenia and sarcopenic obesity. Therefore, we assessed the frequency of different body composition phenotypes in older individuals with COPD and evaluated the relationship between these phenotypes, the disease severity, and the subjects’ physical performance.



2 Materials and methods

Our cross-sectional study was conducted on patients from the Pulmonary Rehabilitation Ward (Great Poland Centre of Pulmonology and Thoracic Surgery) from September 2019 to November 2020. The inclusion criteria were: diagnosis of COPD based on GOLD criteria (1), age of 60 years or older, cognitive performance enabling the interview, and written consent to participate in the study. The exclusion criteria included contraindications for body composition analysis with the bioimpedance method (e.g., pacemaker, metallic elements in the body) and active cancer.

Each subject gave written informed consent before the study, conducted under the Declaration of Helsinki. The study protocol was approved by the Bioethical Committee of the Poznan University of Medical Sciences, Poland (approval No: 888/19).

All participants had cognitive function assessment, body composition analysis with the electrical bioimpedance method, and muscle strength measurements. Additional data were extracted from the hospital database, including results of the spirometry, the 6-min walk test (6MWT), and CRP levels as a marker of inflammatory status.


2.1 Cognitive function assessment

We used the Abbreviated Mental Test Score (AMTS) to assess participants’ mental capacity (17). The questionnaire contains 10 items scored 1 point each. Subjects scoring <7 points were excluded from further investigation due to suspected significant cognitive impairment.



2.2 Body composition analysis

The electrical bioimpedance method with the InBody 120 analyzer (Biospace, Seoul, South Korea) was used to assesses subjects’ body composition. Segmental impedance measurements (right arm, left arm, trunk, right leg, left leg) were performed after at least a 2-h fasting period using eight self-adhesive electrodes. The following body composition parameters were analyzed: total body weight, BMI, total body water (TBW), percentage of body fat (PBF), skeletal muscle mass (SMM), and fat-free mass (FFM).



2.3 Sarcopenia

We applied the European Working Group on Sarcopenia in Older People 2 (EWGSOP2) criteria for the diagnostics of sarcopenia (18). As COPD raises clinical suspicion of sarcopenia, muscle strength and muscle mass were assessed in all subjects.

Upper limb strength was evaluated using a hand dynamometer (Saehan, Changwon, Korea). Measurements were taken in a seated position, with subjects holding the elbow at 90° of flexion. Each arm was tested twice. A better result was compared to the cut-off points proposed by EWGSOP2. Low muscle strength was defined as less than 16 kg for women and less than 27 kg for men (18).

Lower limb strength was assessed based on the results of the five-repetition sit-to-stand test. Participants were instructed to cross their arms over their chests and to stand up and sit down five times (unassisted) as quickly as possible. The time of more than 15 s indicated a low lower limb strength. Low upper or lower limb strength was a premise of sarcopenia.

To confirm the diagnosis of sarcopenia, muscle mass was assessed based on the electrical bioimpedance analysis results. Following the EWGSOP2 algorithm, we used the Appendicular Lean Mass (ALM) index, which is the sum of the fat-free mass of the upper and lower limbs (kg) divided by height in meters squared (m2). Low muscle mass was defined using the cut-off points developed for the Polish population: <5.6 kg/m2 for women and < 7.4 kg/m2 for men (19). Sarcopenia was diagnosed in subjects with concomitant low muscle mass and strength.



2.4 Obesity

The percentage of body fat from electrical bioimpedance analysis was a measure of obesity. The cut-off points for defining excessive body fat were > 42% for women and > 30% for men (20–22).



2.5 Sarcopenic obesity

Modified guidelines from the European Society for Clinical Nutrition and Metabolism (ESPEN) and the European Association for the Study of Obesity group experts (EASO) were used to diagnose sarcopenic obesity (23). The modification consisted of evaluating muscle mass with the ALM/BMI index instead of the ALM/body mass. Such modification is commonly used in diagnosing sarcopenic obesity (24, 25). The ALM/BMI index cut-off points were < 0.512 for women and < 0.789 for men (26).

Sarcopenic obesity was diagnosed in subjects with concomitant high BMI (≥ 30 kg/m2), reduced muscle strength (as described above), increased fat mass (as described above) and reduced muscle mass (based on ALM/BMI index).

The study sample was divided based on the body composition phenotypes into groups: normal phenotype, sarcopenia, obesity, and sarcopenic obesity (SO).



2.6 Statistical analysis

Qualitative variables are presented as numbers (n) and percentages (%). Quantitative data are described by means and standard deviations. Differences between the four phenotype groups were assessed using:

	• Analysis of Variance (ANOVA).
	• ANOVA with F correction for body mass, BMI, BFM, PBF, ALM/BMI index, upper and lower limb muscle strength.
	• Kruskal-Wallis ANOVA for number of comorbidities and CRP levels.

Differences between groups were evaluated using post-hoc tests. The frequency of specific body composition phenotypes in two groups was compared using Pearson’s Chi-squared test with Yates’ correction. A p-value <0.05 was considered significant. All statistical analyses were performed in the PQStat program (PQStat Software, Poland).




3 Results


3.1 Characteristics of the study sample

The study involved 124 individuals (40.3% women) with COPD. The mean age was 69.4 ± 6.1 years. COPD stage 1 was diagnosed in 9 individuals, stage 2—in 51 individuals, stage 3—in 52 individuals, and stage 4—in 12 individuals. Due to the small sample sizes of patients with COPD stages 1 and 4, further analysis combined stages 1 and 2 (GOLD 1 + 2) and stages 3 and 4 (GOLD 3 + 4). Figure 1 presents the frequency of body composition phenotypes for the entire study sample and stratified by COPD severity. Sarcopenia was more frequent in patients with stages 3 and 4 compared to individuals with COPD stage 1 + 2 (p = 0.043).

[image: Stacked bar chart comparing phenotype distributions across three groups: total, GOLD 1+2, and GOLD 3+4. Each bar shows proportions of normal phenotype (blue), sarcopenic phenotype (orange), obesity phenotype (gray), and sarcopenic obesity phenotype (yellow). The total group is composed of 49.2% normal, 11.3% sarcopenic, 27.4% obesity, and 12.1% sarcopenic obesity. GOLD 1+2 shows 55% normal, 3.3% sarcopenic, 26.7% obesity, and 15% sarcopenic obesity. GOLD 3+4 includes 43.8% normal, 18.8% sarcopenic, 28.1% obesity, and 9.3% sarcopenic obesity. A p-value of 0.043 is indicated for sarcopenic phenotype between GOLD groups.]

FIGURE 1
 Prevalence of different body composition phenotypes in the total study sample and stratified by COPD severity. GOLD, Global Initiative for Chronic Obstructive Lung Disease.




3.2 Anthropometric characteristics

Table 1 presents the anthropometric parameters of the subgroups with different body composition phenotypes. Individuals with sarcopenia had significantly lower body weight, BMI, body water content, fat tissue content, skeletal muscle mass, limb lean mass, and ALM index than other study participants. Patients with sarcopenic obesity had the lowest ALM/BMI ratio. The handgrip test results were significantly lower in individuals with sarcopenia than those with normal phenotype or obesity (p < 0.001 and p < 0.001, respectively). Subjects with SO had significantly lower upper limb strength compared to patients with obesity (p = 0.004). The results of the five-repetition sit-to-stand test did not differ between the body composition phenotype groups.



TABLE 1 Anthropometric characteristics of the study sample divided by body composition phenotype.
[image: A table presents data for four phenotypes: Normal, Sarcopenic, Obesity, and Sarcopenic Obesity. It includes age, sex distribution, height, body mass, BMI, total body water, body fat mass, skeletal muscle mass, percent body fat, appendicular lean mass, and strength measures. Data are reported as mean ± standard deviation with p-values for statistical significance. Each column compares characteristics across phenotypes, with annotations indicating significant differences.]



3.3 Clinical characteristics

Table 2 presents the clinical characteristics of the study subjects divided by body composition phenotypes. Although no differences were observed in the number of comorbidities between the body composition phenotype groups, individuals with obesity or SO had more prescription medications than those with a normal phenotype (p = 0.031 for both comparisons). Participants with sarcopenia had significantly lower Tiffeneau index compared to those with obesity and SO (p = 0.039 and p = 0.003, respectively). They also had lower FEV1 than subjects with normal phenotype and those with SO (p = 0.007 and p = 0.025, respectively).



TABLE 2 Clinical characteristics of the study sample divided by body composition phenotypes.
[image: Table comparing clinical characteristics across four phenotypes: normal, sarcopenic, obesity, and sarcopenic obesity. Measures include comorbidities, drug usage, six-minute walk test (6MWT), forced expiratory volume (FEV1), FEV1/FVC ratio, and CRP levels. Significant p-values are noted for drugs (0.009) and 6MWT (less than 0.001) with varied results across phenotypes. Statistical significance is indicated by symbols (*, **, #, $) in certain comparisons.]

The most distinct differences were noted in the 6MWT results. All groups with abnormal body composition phenotypes had lower 6MWT results than subjects with N. Individuals with sarcopenia and SO had worse results than those in the obesity group (p = 0.001 and p = 0.041, respectively).

The levels of the inflammation markers did not differ between the compared groups.




4 Discussion

We assessed the prevalence of various body composition phenotypes in older patients with COPD and described their clinical characteristics. Pathological body composition phenotypes were common in our study sample, with obesity affecting 27.4% of subjects (n = 34), followed by SO in 12.1% (n = 16) and sarcopenia in 11.3% (n = 14). To the best of our knowledge, few studies have focused on the assessment of body composition phenotypes in individuals with COPD and their association with disease severity (14, 15); none of them have utilized the up-to-date diagnostic criteria [EWGSOP2 for sarcopenia (18), ESPEN and EASO for sarcopenic obesity (23)]. Therefore, our results contribute to the topic.

In our previous study, including 211 community-dwelling individuals aged 60 and over in Poland, the prevalence of obesity was 32.7%, SO 7.1%, and sarcopenia 10% (27). Both SO and sarcopenia are more common in the current study sample. The reason for the higher prevalence of these pathological phenotypes in COPD patients remains unclear. However, factors that may contribute to muscle mass and strength loss, such as reduced physical activity, elevated levels of pro-inflammatory cytokines with concurrent oxidative stress, and reduced energy intake were described in COPD patients (5, 28, 29). Moreover, COPD exacerbations are associated with rapid protein degradation and often immobilization of patients, aggravating muscle mass loss. Corticosteroids used to treat COPD exacerbations may further enhance muscle protein catabolism (8, 10).

So far, only two studies assessed the distribution of all four body composition phenotypes in patients with COPD (14, 15). Joppa et al., (15) in a multicenter prospective study (ECLIPSE) involving 2000 individuals with COPD (mean age 63.5 ± 7.1), showed that sarcopenia was present in 24.2%, obesity in 15.4%, and SO in 9.8% of subjects (15). Machado et al. (14) performed a retrospective analysis of body composition phenotypes in 270 patients with COPD recruited for a physical training program. Sarcopenia was diagnosed in 21%, obesity in 13%, and SO in as many as 27% of participants (14). The higher prevalence of sarcopenia in these studies compared to our findings can be explained by the difference in the diagnostic criteria. The authors of the previous studies diagnosed sarcopenia based on low muscle mass and excluding low muscle strength criterion, currently recognized as the most critical component of sarcopenia (18). Including this second criterion in our analysis presumably resulted in a lower prevalence of the condition. The omission of the low muscle strength criterion may also explain the higher prevalence of SO in the study by Machado et al. Although Joppa et al. also ignored muscle strength in the diagnostics of sarcopenic obesity, their results were similar to our findings. It should be noted, however, that their study was not limited to older individuals. Including younger adults, in whom SO is less common than in the older population, may explain the discrepancy between the results of Joppa et al. and Machado et al. and the apparent similarity to our findings.

The severity of COPD did not differ between individuals with obesity or SO compared to those with normal phenotype. However, subjects with sarcopenia more often had severe or very severe obstruction (GOLD 3 + 4). These findings align with a systematic review and meta-analysis conducted by Sepúlveda-Loyola et al. (3). The analysis, which included 23 studies with 9,637 participants aged ≥40, showed that sarcopenia was present in 37.6% of individuals with COPD stage 3 or 4 compared to 19.1% of subjects with stage 1 or 2 (p = 0.020) (3).

We observed worse results of the 6MWT in individuals with sarcopenia and SO compared to those with normal and obesity phenotypes. Similar findings were reported in the previously discussed studies (14, 15). In our study the mean distance in the 6MWT was 275.33 m (± 99.97 m) in subjects with SO and only 225.77 m (± 124.55 m) in those with sarcopenia. The 6MWT is widely used to assess exercise tolerance. Although there are no cut-off points for this test, it has been documented that a distance of less than 350 m is associated with a worse prognosis and increased risk of death in COPD patients (30, 31). The more severe course of COPD we observed in patients with sarcopenic obesity poses a challenge in relation to the so-called obesity paradox. We believe that the better clinical outcomes of COPD patients with obesity presented in numerous studies do not apply to people with SO, which is an argument for taking body composition phenotypes into account when determining the prognosis in severe forms of COPD. As physical performance is largely dependent on COPD severity, it should have been interesting to investigate differences in functional parameters in patients with abnormal body phenotypes divided according to the obstruction severity. Such analysis could contribute to the explanation of the obesity paradox.

Although we do not know the direction of causality of our results, they have important clinical implications. It seems reasonable to perform routine assessments of nutritional status, especially in people with severe or very severe obstruction, who are more likely to have abnormal body composition phenotypes and, at the same time, show a worse clinical prognosis.

A strong point of our analysis is that, to the best of our knowledge, it is the first study evaluating the prevalence of various body composition phenotypes in older individuals with COPD based on the up-to-date diagnostic criteria (EWGSOP2, ESPEN, EAOS) and investigating association between body composition phenotype and patient’s clinical status.

Our study has some limitations. First of all, we used bioimpedance methods instead of DEXA which according to experts (23) may lead to underestimation of fat mass while overestimating lean body mass. This may result in failure to recognize sarcopenic obesity in people with high BMI. Secondly, the study group consisted exclusively of individuals participating in a pulmonary rehabilitation program whose general health condition was good enough for such a modality. Therefore, our results cannot be generalized to the broader population of individuals with COPD. Furthermore, our study lacks information on smoking, which may affect both the severity of the disease and the nutritional status of the participants. Additionally, due to the cross-sectional nature of our study, no causal inferences can be made.

In conclusion, pathological body composition phenotypes involve more than half of the COPD older patients, which is visibly higher than in the general elderly population. Sarcopenia and sarcopenic obesity are associated with reduced physical performance, and sarcopenia is more prevalent in subjects with advanced stages of the disease. Based on our results, body composition assessment in addition to body mass measurement and BMI calculation contributes to the picture and should be performed in all older people with COPD.
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Objective: Parkinson’s disease (PD) is characterized by motor and non-motor symptoms. Nutritional alterations are one of the non-motor symptoms that most influence the quality of life (QoL) in PD.
Therefore, this review aims to evaluate whether nutritional alterations are related either to the severity of motor and non-motor symptoms through the gut-brain axis or to the different treatments for PD and whether all of this, in turn, impacts the QoL of patients.
Methods: A systematic review was carried out in MEDLINE and EMBASE databases, and Mendeley from 2000 to June 2024, searching for articles related to nutritional alterations in PD that alter patients’ QoL. A total of 14 articles (2,187 participants) of 924 records were included.
Results: Among the 14 studies examined, two investigated the relationship between nutritional status and QoL in patients with PD. Poor nutritional status was associated with lower QoL scores. Four studies explored the connection between nutritional status and its impact on both motor and non-motor symptoms (psychiatric disturbances, cognitive impairment, and fatigue), revealing a link between nutritional status, activities of daily living, and the severity of motor symptoms. Three studies identified changes in body weight associated with the severity of symptoms related to mobility issues in PD patients. Three studies investigated the relationship between different PD treatments and their interaction with changes in weight and energy metabolism, highlighting that weight loss in the early stages of PD needs adequate monitoring of different treatments, as well as the interaction between the central and peripheral nervous systems in regulating these processes. Finally, two studies investigated how gastrointestinal alterations and changes in the microbiota were related to cognitive status, thus identifying them as risk factors and early signs of PD.
Discussion: The systematic review highlighted the significant relationship between nutritional status and QoL in patients with PD, as well as how the PD treatments influenced their weight. An association was also observed in the gut-brain axis, where adequate nutritional status influenced the balance of intestinal microbiota, slowing cognitive decline, improving activities of daily living, and the QoL of PD patients. It is confirmed that the nutritional status of patients influenced both motor and non-motor symptoms of the disease, and therefore their QoL.

Keywords
 deep brain stimulation; levodopa/carbidopa intestinal gel; nutritional alterations; nutritional status; Parkinson’s disease; quality of life; severity of symptoms


1 Introduction

Parkinson’s disease (PD) is the second most common neurodegenerative disease after Alzheimer’s disease (Table 1). The incidence is 1–4% of the population between 60 and 80 years, respectively (1). In addition to the loss of neurons in the substantia nigra, which causes a lack of dopamine in the body, PD is characterized by motor symptoms such as bradykinesia, tremor at rest, rigidity, and postural instability, as well as the appearance of accumulations of the protein alpha-synuclein in the central nervous system and other neural structures. The non-motor symptoms are more difficult to identify and treat since involve several anatomical systems in different regions of the nervous system (noradrenergic and serotonergic neurons of the brainstem, dopaminergic in the mesolimbic and mesocortical circuits). The loss of smell, gastrointestinal symptoms (constipation, loss of appetite, drooling, dysphagia, gastroesophageal reflux), and cardiovascular and urogenital symptoms are common non-motor symptoms in PD (2) significantly influence the patient’s quality of life (QoL) (3). All these symptoms could be described as prodromal or initial signs of the disease, and many of them may appear years before its definitive diagnosis.

PD patients are very vulnerable from the nutritional point of view since they usually lose weight due to the imbalance between the intake made by the patient and their energy consumption continued over time. In addition, other factors such as symptoms related to dysautonomia (sialorrhea, dysphagia, and constipation) may intervene in this vulnerability. There is also a high incidence of mood disorders (depression, anxiety, abulia, and apathy) (4) and up to 85% of those affected have hyposmia or anosmia from the early stages of the disease, which affects appetite (5). Therefore, the nutritional status of patients is important since there is a decrease in food intake and appetite from the early stages of PD.

Weight loss has therapeutic and poor prognostic implications. According to Jimenez et al. (3) the lower the weight, the higher the incidence of motor complications of dopaminergic treatment (dyskinesias) and the risk of general deterioration with complications. Dysphagia is also a serious condition in PD patients, presenting an increased risk of malnutrition, dehydration, pneumonia, and even death (6). Sepúlveda-Contardo et al. (7) described the aspects of QoL that affected to PD patients with dysphagia or dysarthria. They found a decrease in their QoL related to their diet and the capacity of speaking, reporting fatigue while eating or speaking, embarrassment in social activities, and extended feeding periods, among others (7).

Another aspect to take into account in the nutritional status of PD patients is the intestinal microbiota-brain axis in the pathogenesis and severity of PD. The prolonged alteration of the intestinal microbiota could produce an alteration in the intestinal barrier, and local and systemic inflammation, impacting the blood–brain barrier and causing neurodegeneration (8). Therefore, this review aims to evaluate whether nutritional alterations are related either to the severity of motor and non-motor symptoms through the gut-brain axis or to the different treatments for PD and whether all of this, in turn, impacts the QoL of patients.



2 Methods and materials

This review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses checklist (PRISMA) (Supplementary material S1). The abbreviations are specified in Supplementary material S2.

To prepare this systematic review we have used the PICOS framework: patients with PD in which we will analyze if there is a relationship between their nutritional status, severity of symptoms, the different treatments received and their impact on their quality of life. Could we carry out an intervention on nutritional status that would improve the severity of the symptoms and this in turn would impact their quality of visa, improving it?


2.1 Study selection and procedure

The study included all empirical studies that met the following inclusion criteria: (1) Studies published from 2000 to June 2024; (2) Studies published in a peer-reviewed English or Spanish language journal; (3) Studies including human subjects older than 18 years. The exclusion criteria were as follows: (1) Duplicated studies; (2) Systematic reviews and/or narrative reviews; (3) Clinical trials; (4) Case reports; (5) Conference papers and abstracts; (6) Studies with animals; (7) Studies with participants with other diseases different to PD; (8) Studies including variants of PD; (9) Studies not focused specifically on the QoL and nutritional alterations.

The search was performed in MEDLINE and EMBASE databases, and Mendeley, and the search was finished in June 2024. The keywords used for each search were: Parkinson’s disease, quality of life, nutritional alterations, nutritional status, nutrition disorders, nutritive value, Deep brain stimulation, and dysphagia. The specific keyword and mesh strategy are explained in the Supplementary material S3. Two experienced reviewers screened separately the search results using the inclusion and exclusion criteria explained above, following the subsequent steps: title and abstract screening, followed by full-text screening. When the judgments of any of the reviewers were not similar, the discrepancies were explained, and a common decision was taken. The bibliographic databases yielded 924 references in total (Figure 1).

[image: Flowchart illustrating a literature review process. Identification phase shows 924 records from MEDLINE (522), EMBASE (391), and Mendeley (11). After removing 78 duplicates, 846 records are screened. Title screening reduced them to 41, further narrowed to 14 by abstract. 805 full-text articles were excluded: 600 by title, 205 by abstract due to criteria. Fourteen full-text articles are included.]

FIGURE 1
 Flow diagram showing the process of study selection.




2.2 Data extraction and outcome

Two experienced reviewers used a preformatted Excel sheet to extract data for the prespecified relevant data and outcomes for each included article, (1) Total sample size; (2) Percentages of males; (3) Sample size included in the PD and control group; (4) Age of each group; (5) Objective of the study; (6) Methods/Measures; (7) Results (Table 1).



TABLE 1 Outcomes and results of selected studies.
[image: A table presents various studies on nutritional status, motor and non-motor symptoms, and gut-brain axis in Parkinson's disease (PD). Columns include study details, PD clinical status, nutritional status, cognition, other variables, analysis methods, and results. The table summarizes findings such as correlations between nutritional status and quality of life, PD severity, treatment effects, and the gut-brain axis, using various statistical analyses and variables like BMI, UPDRS scores, and biochemical markers.]




3 Results

The literature search retrieved 924 records, which were reduced to 846 after removing the duplicated ones (Figure 1). A meticulous title and abstract screening were done. After the title screening, 41 were included by title criteria inclusion, and title study exclusion criteria and excluded 600 such as those ones related to clinical trials or included participants with other diseases different to PD. Analyzing the abstracts, 205 manuscripts were excluded from the abstract; most of the studies were done with animals or were reviews. Finally, 14 fullpapers were eligible for our systematic review. Figure 1 shows the details of the screening process.

The sample size ranged from 16 to 666 patients, and the percentage of males oscillates between 39.2 to 70.8%. The mean age of PD patients ranged from 58.4 to 76.5 years old.

Table 1 includes the sociodemographic data and methodology of selected studies and Table 2 shows the outcomes and results of selected studies.



TABLE 2 Sociodemographic data and methodology of selected studies.
[image: A table summarizes studies on nutritional status and Parkinson's disease (PD). It includes columns for study title, sample size, age, objectives, and type. Outcomes focus on nutritional status, motor and non-motor symptoms, and PD severity. Studies vary in methodology, such as cross-sectional, prospective, and retrospective approaches. Abbreviations and footnotes provide clarity on specific measures used in the research.]


3.1 Relationship between nutritional status and QoL

Two studies examined the correlation between nutritional status and QoL in PD patients (9, 10) Fernandez et al. (9) investigated anthropometric variables’ relationship with PD patients’ QoL. They found a lower perception of QoL in the dimension of body discomfort (75.3 +/− 16.6), social support (62.7 +/− 15.7), and mobility (61.0 +/− 23.6), and that older age correlated with lower scores in mobility (p = 0.005), daily physical activity (p = 0.016), communication (p = 0.030), body discomfort (p = 0.008), and, overall, PD QoL scale (PDQ-39) score (p = 0.024). Additionally, body mass index (BMI) correlated with social support (p = 0.000) and cognition (p = 0.025) dimensions, while triceps cutaneous skinfold (TCS) correlated with daily physical activity (p = 0.029), cognition (p = 0.016), and social support (p = 0.013). Age remained a significant predictor of QoL scores even after accounting for gender (p = 0.043) and BMI (p = 0.047), suggesting age-related effects independent of nutritional status.

Secondly, Sheard et al. (10) evaluated the relationship between nutritional status and QoL and the effect of a nutrition intervention on QoL in PD. In phase I of the study, there was a significant correlation between Patient-Generated Subjective Global (PG-SGA) and PDQ-39 scores (p = 0.002), indicating that poorer nutritional status was associated with poorer QoL. The QoL was poorer in the malnourished group, particularly for mobility (p = 0.016) and activities of daily living (ADL) (p = 0.008). In phase II, they analyzed 2 groups, [intervention group (INT) and standard care group (SC)] but no significant differences were observed between groups in QoL (PDQ-39 total or sub-scores). There was a positive relationship between changes in PG-SGA and PDQ-39 scores during the 12-week intervention period, regardless of the group (SC or INT). The INT group demonstrated a trend toward greater improvement than the SC group in the majority of domains, which resulted in clinically significant changes. QoL scores improved in both groups over the 12 weeks. However, the changes were not statistically significant. In summary, malnourished people with PD had a poorer QoL than well-nourished, this was particularly evident in the areas of mobility and ADL. The was a borderline significant relationship between improvements in nutritional status during the nutrition intervention and improvements in QoL. Furthermore, the nutrition intervention resulted in improvements in emotional well-being.



3.2 Relationship between nutritional status and motor and non-motor symptoms

Four studies observed the relationship between nutritional status and motor and non-motor symptoms (11–14). Firstly, Nagano et al. (11) focused on nutritional status and ADL in PD patients. They evaluated nutritional status with Controlling Nutritional Status (CONUT) method, its scores albumin (Alb), total lymphocyte count (TLC), and total cholesterol (T-cho) values, and to evaluate the ADL they used the motor subdomains of the Functional Independence Measure (FIM). Variables that were significantly associated with the FIM gain, included PD severity (p < 0.001), dysphagia (p < 0.005), cognitive FIM (p < 0.089), and grip strength (p < 0.080). A poor nutritional status (CONUT score > 3) was significantly associated with poor FIM gain. A CONUT score of 3 was the change point from which the ADL of patients with PD decreased significantly as the scores increased. Poor nutritional status (CONUT score > 3) was significantly associated with poor ADL in PD patients.

Secondly, Chia-Yi Lien et al. (12) evaluated the relationship between the severity of clinical symptoms and cognitive function of PD patients, the serum vitamin D level, and nutrition status. They enrolled 33 patients and after the initial nutritional assessment, they divided them in well-nourished status and risk of malnutrition status. The group at risk of malnutrition had a higher Unified Parkinson’s Disease Rating Scale (UPRDS) score (p < 0.046), and a significant impairment in memory (p < 0.002), and calculation (p < 0.010). Patients with lower serum vitamin levels had a higher high-sensitive C-reactive protein (hs-CRP) level which influenced the cognitive function of PD patients. Therefore, abnormal serum vitamin D levels may have an indirect influence on the cognitive function of PD patients through the influence on the hs-CRP level.

Thirdly, Fereshtehnejad et al. (13) investigated the relationship between motor, psychiatric, and fatigue features with nutritional status, as well as the effects of malnutrition on different aspects of QoL in PD. Out of 150 PD, 37 patients were at risk of malnutrition and 3 were malnourished. The lower nutritional status [Mini Nutritional Assessment (MNA)], the higher the total score in the UPDRS (p < 0.001) and PD duration (p = 0.002). Patients with abnormal nutritional status had a significantly longer history of PD compared to those with normal nutritional status (p = 0.045). Additionally, among patients with abnormal nutritional status, the median score of Hoehn and Yahr (H&Y) stage was significantly higher (p < 0.001). Moreover, severe anxiety (p = 0.002), depression (p < 0.001), and fatigue (p < 0.001) were observed more frequently in this group. In addition, the weight-adjusted levodopa dose was inversely correlated with total MNA. This total MNA mean was significantly lower among the female PD patients compared to males (p = 0.002). Higher scores (worse conditions) of PDQ-39 were observed in emotional well-being (p < 0.001) and mobility domains (p < 0.001). Except in the stigma domain, all the PDQ-39 domains showed that higher scores (indicating worse QoL) were associated with lower scores on the MNA scale (indicating poorer nutritional status).

Fourthly, Sheard et al. (14) identified which factors predicted nutritional status in patients with PD free-living in the community when measured by the Subjective Global Assessment (SGA). The 15% of PD patients were moderately malnourished. They divided the patients into two groups study (well-nourished and moderately malnourished patients). The majority of the malnourished were adults (range 35–92 years) (81%), and had more severe disease, while the moderately malnourished group had higher UPDRS II (p = 0.009) and UPDRS III (p = 0.008) scores, levodopa equivalent daily dose (LEDD)/body weight (p = 0.022). Regarding cognition, the malnourished patients’ scores were significantly lower in the Mini-Mental State Examination (MMSE) (p = 0.009), visuospatial (p = 0.013), and attention and orientation (p = 0.002), but not on Addenbrooke’s Cognitive Examination (ACE) total score. There were significantly higher depression scores [Beck’s Depression Inventory (BDI)] (p = 0.001) and the sub-score in gastrointestinal symptoms of Scales for Outcomes in Parkinson’s disease-Autonomic (SCOPA-AUT) (p = 0.046). The malnourished group scored poorer on the majority of the assessments than did well-nourished. More severe motor symptoms and more depressive symptoms were predictive of malnutrition and a higher PG-SGA score. Other factors that contributed, were older age of diagnosis, higher LEDD/weight, and living alone.



3.3 Relationship between nutritional status and PD severity

Three studies analyzed the relationship between nutritional status and PD severity (weight-related mobility impairments) (1, 15, 16). Firstly, Femat-Roldán et al. (1) compared body composition and resting metabolic rates (RMR) between PD patients and healthy controls. They analyzed two subgroups within the PD patients: tremor dominant (PD-TD) and postural instability/gait difficulty (PD-PIGD). PD patients exhibited lower body fat mass, body fat percentage, visceral fat area, waist circumference, and arm circumference compared to controls, with no significant differences in certain UPDRS scores (I and IV) but notably higher scores in parts II and III for the PD-PIGD group. PD-PIGD patients showed lower body fat mass (p = 0.020), body fat percentage (p = 0.001), waist circumference (p = 0.014), and visceral fat area (p = 0.029) compared to PD-TD patients, along with higher fat-free mass (p = 0.049). RMR (p = 0.010) was higher in PD patients compared to controls, particularly in the PD-PIGD group (p = 0.001), potentially leading to a selective reduction in body fat mass (p = 0.001) without affecting musculoskeletal mass. Weight loss in PD patients appears to be a complex outcome involving multiple factors.

Secondly, Pisciotta et al. (15) investigated the PD severity and several parameters of adiposity, paying special attention to the topology of fat distribution (android versus gynoid), and to address the potential modifier effect of nutritional status in the association between PD severity and fat distribution. They did two groups and compared participants with a UPDRS III below and above the median value (UPRDS III = 24). The group who had a UPDRS <24 presented better cognitive function, mood, functional status, nutritional status, lower erythrocyte sedimentation rate (ESR) values, and comorbidities, higher trunk-leg and trunk-limb ratios. A higher score on the UPDRS III was associated with lower total body fat, android fat, trunk-leg fat ratio, trunk-limb fat ratio, and android-gynoid ratio. They showed a significant correlation between all the adiposity parameters and UPDRS III scored stratified by the MNA.

Thirdly, Bril et al. (16) studied the relationship between body weight, nutritional status, physical activity, and PD-related factors, finding that longer disease duration was negatively related to nutritional status (p = 0.01), and nutritional status, had positively related to body weight (p = 0.01). PD severity (UPDRS II and III score) was associated with reduced cognitive function (p = 0.01) which was a positively related to nutritional status (p = 0.01). In addition, nutritional status was related to body weight (p < 0.01). Binge eating (p = 0.001) as much as physical activity (p = 0.001) were also directly, and positively related to body weight in their sample of patients with PD. Nutritional status, binge eating, and physical activity were the only variables associated directly with body weight. Disease duration, UPDRS II and III scores, and cognitive function were indirectly associated with body weight, but through indirect influence on nutritional status.



3.4 Relationship between nutritional status and PD treatment

One study analyzed the impact of each treatment [Deep Brain Stimulation (DBS), levodopa/carbidopa intestinal gel (LCIG), and oral medication (L-dopa)] on weight loss, and two studies were related to the stimulation of the Subthalamic Nucleus-Deep Brain Stimulation (STN-DBS) with changes in the metabolism of glucose and energy expenditure (EE) (17–19). Firstly, Umemoto et al. (17) compared oral medication and device-assisted therapies in PD like DBS, and LCIG. Most of the patients (93%) were classified into normal nutrition and mild malnutrition categories according to the CONUT score. Only 6 patients (7%) were classified as moderately or severely malnourished. The DBS group showed a lower median in H&Y (p < 0.01), age onset (p < 0.01), and videofluoroscopic dysphagia scale (VDS) (p < 0.05), and the LCIG group had a higher median in LEDD in comparison to the other groups (p < 0.01). The median of weight loss per year was 0.23 kg in the DBS group, 0.82 kg in the LCIG group, and 1.27 kg in the oral medication alone group. They found a significant correlation between the rate of weight loss and follow-up period (p < 0.022) in the patients who received oral treatment alone. On the other hand, DBS patients showed weight gain within 5 years after surgery, and after that, they decreased body weight gradually.

Secondly, Batisse-Lignier et al.[18]hypothesized that STN-DBS might affect postabsorptive glucose metabolism in PD. Endogenous glucose production (EGP), and glucose disposal rates (GDR) were higher in PD patients in Stim-off conditions than in the control group (2.62+/−0.09 vs. 2.27+/− 0.10 mg/kg. min, p < 0.05). There were no significant changes in blood glucose during the kinetic study and a significant and consistent 22% decrease in EGP in patients with PD in Stim-on (2.04+/−0.07 mg/kgˉ1.minˉ1; p < 0.01). They found that DBS in PD patients affect EGP, glucose disposal, suggesting that a cross talk between the central and peripheral tissues may regulate glucose homeostasis.

Thirdly, Montaurier et al. (19).They studied PD patients before and after surgery. They included 17 men and 7 women. The month before surgery, in men (but not in women) with PD, the daily EE was higher, while the sleep metabolic rate (SMR) was lower compared to matched healthy men. (+ 9.2+/−3.9 and-8.2 +/− 2.3%, respectively, p < 0.05), and basal metabolic rate (L-dopa “on”) was higher than predicted basal metabolic rate (+11.5+/− 4.0%, p < 0.05), but was further increased without L-dopa (+8.4+/−3.2% vs. L-dopa “on” p < 0.05). EE during daily activities was higher during “OFF” periods compared to “ON” for both men (+19.3+/−3.3%, p < 0.001) and women (+16.1+/−4.7%, p < 0.01). After 3 months from the surgery, there was a 3.4 +/−0.6 kg (p < 0.001) body weight increase together with fat mass (p < 0.001) and fat-free mass (p < 0.05) in women with PD. SMR increased in men (+7.5 +/− 2.0%, p < 0.01) to reach control values but no changes in women. Daily EE was significantly reduced in men and women (−7.3+/− 2.2% and-13+/− 1.7%, respectively, p < 0.01). PD was related with alterations in energy metabolism that were normalized after DBS-STN surgery while energy intake was maintained. There were significant inter-individual variations and gender-related differences in the quality of body weight gain: men mainly gained a free mass of fat and women only in fat. Besides, progressive physical training in the early days following surgery may help limit weight gain in some patients.



3.5 Gut-brain axis in PD

Two other studies analyzed the changes in the gut health and microbiota, and their relationship with PD. (20, 21) Firstly, Heinzel et al. (20) investigated intestinal microbial diversity, enterotypes, and taxonomic composition in relation to risk and prodromal markers of PD, as well as overall prodromal risk and probability. They analyzed a sample of elderly individuals and found that physical inactivity, occupational solvent exposure, certain medications such as those for thyroid and uric acid reduction, as well as exhaustion from climbing stairs, were inversely associated with alpha microbial diversity (α-diversity). Conversely, the severity of constipation (p < 0.045) and age (p < 0.047) showed positive associations with α-diversity. Beta microbial diversity (β-diversity) showed significant associations with various risk factors and prodromal markers of PD, including age, physical inactivity, constipation, BMI, sex, smoking, rapid eye movement sleep behavior disorder (RBD), different medications, and consumption of dark bread. Although motor deficits had no effect on their own, the interaction between physical inactivity and motor deficits explained some of the variability in β-diversity (p = 0.002). Enterotypes also exhibited differences in terms of risks and prodromal markers: lower levels of physical inactivity and more severe constipation were observed in the Firmicutes-enriched enterotype, while higher levels of physical inactivity were associated with the Bacteroides-enriched enterotype. Additionally, certain microbial taxa were associated with specific variables, such as a decreased abundance of Faecalibacterium (p = 0.022) and Roseburia (p = 0.008). Furthermore, physical exhaustion with a decrease in Bifidobacterium (p = 0.039), and possible RBD with a decrease in Lactobacillus (p = 0.023), Faecalicoccus (p = 0.017), and Victivallis (p = 0.017), and with an increase in abundance of Haemophilus (p = 0.039). Motor deficits were associated with a decrease in Odoribacter (p = 0.031). Urate-lowering medication was associated with a higher abundance of Clostridium III (p = 0.005) and Parasutterella (p = 0.032). They found that several risk and prodromal markers of PD were associated with gut microbiome composition, in particular, markers related to motor aspect and constipation, were associated with altered microbial α and β-diversity, enterotypes and bacterial abundance. Constipation, physical inactivity, possible RBD, urate levels, smoking, and subthreshold parkinsonism might be particularly linked to the prodromal microbiome in PD.

Secondly, Jones et al. (21) investigated how the severity of gastrointestinal (GI) symptoms relates to cognitive impairment in newly diagnosed PD patients. They found that patients with more severe GI symptoms exhibited a more pronounced cognitive decline. GI symptoms had a significant impact on various cognitive functions: global cognitive functions (p = 0.018), working memory (p = 0.033), processing speed (p = 0.034), verbal comprehension (p = 0.016), and delayed verbal recall (p = 0.002). Additionally, they observed that more frequent GI symptoms were associated with a higher risk of mild cognitive impairment (MCI) and PD dementia (PDD), with these effects being particularly pronounced in men (p = 0.001), older individuals (p < 0.001), and those with a lower educational level (p = 0.001). There was a significant relationship between gut health and cognitive functioning through the gut-brain axis among PD patients. More frequent gastrointestinal symptoms were predictive of worse performance across all cognitive domains and were risk factors for PD-MCI or PDD. The presence of gastrointestinal symptoms may serve as an early marker of cognitive impairment in PD.




4 Discussion

Therefore, this review aims to evaluate whether nutritional alterations are related either to the severity of motor and non-motor symptoms through the gut-brain axis or to the different treatments for PD and whether all of this, in turn, impacts the QoL of patients. In this review, we observed that alterations in nutritional status influenced both motor and non-motor symptoms (psychiatric disturbances and fatigue), thus affecting the severity of PD symptoms and impacting QoL. Alterations in the QoL of PD patients particularly affect dimensions such as discomfort, communication, ADL, and mobility (9, 13, 20)

Patients with PD tended to be underweight or malnourished, which may be associated with increased EE caused by the progression of motor symptoms, as well as GI symptoms and anorexia derived from the side effects of PD treatments. Thus, altering the patient’s nutritional status (22). All these factors and their impact on nutritional status may in turn interfere with the QoL of PD patients. According to Sheard et al. (10) and Fernández et al. (9), nutritional status is significantly related to quality of life (QoL). Malnourished patients had lower QoL in most domains of the PDQ-39, particularly noticeable in areas such as mobility, bodily discomfort, daily physical activities, social support, and communication. Overall, the studies highlighted the complexity of the relationship between nutritional status and various aspects of QoL in PD patients, emphasizing the need to consider nutritional factors in their care and management (13, 21).

Regarding nutritional status and its impact on motor and non-motor symptoms such as psychiatric symptoms, cognitive impairment, and fatigue; many motor, psychiatric, and fatigue symptoms were significantly associated with nutritional status in patients with PD. As described by Golman et al. (5), there was a high incidence of mood disorders (depression, anxiety, apathy) in this pathology, and up to 85% of those affected had hyposmia or anosmia from the early stages of the disease, affecting appetite. Non-motor symptoms such as psychiatric symptoms (depression and anxiety) were associated with nutritional status in these patients, and observed, how different aspects of health were related to QoL, especially emotional well-being and mobility (13). While focused on cognition, could be indirectly influenced (by elevated levels of hs-CRP) due to abnormal serum levels of vitamin D in PD. These patients experienced nutritional status alteration that would both significantly deteriorate cognition in the domains of memory and calculation and worsen motor symptoms (12). However, according to Brill et al. (16), the only variables that were directly associated to QoL were nutritional status, binge eating, and physical inactivity, while disease duration, UPDRS II and III scores, and cognitive impairment also influenced body weight, but through an indirect influence on nutritional status.

Focusing on severity, studies found that more severe symptoms, lower total fat mass, and depressive symptoms predicted malnutrition (1, 13–16). As Femat-Roldán et al. (1), demonstrated, PD patients with lower body fat mass had higher scores on the UPDRS II and III scales, thus making weight loss and malnutrition two of the most frequently observed non-motor symptoms in PD and associated with poorer QoL. Similarly, Pisciotta et al. (15) also concluded that good nutritional status could protect PD patients from weight loss related to the severity of motor symptoms. Taking it a step further, Brill et al. (16), Fereshthnejad et al. (13), and Sheard et al. (14) correlated nutritional status with symptom severity as well as cognitive status. They observed that motor and psychiatric symptoms (such as depression, anxiety, and fatigue) were associated with the nutritional status of PD patients, thereby impacting QoL.

Regarding weight fluctuations, these could have therapeutic and prognostic implications: lower weight was associated with a higher incidence of motor complications of dopaminergic treatment (dyskinesias) and the risk of overall deterioration with complications (3). In the same line, weight loss and malnutrition had a negative impact on PD QoL, and Sepulveda-Contardo et al. (7) pointed out that this was more common in the advanced stages of the disease. PD treatments were also related to nutrition in QoL. Unemoto et al. (17), pointed out that patients under oral medications were who had a higher weight loss per year, followed by LCIG and DBS. In fact, the DBS group showed weight gain within 5 years after surgery and then gradually decreased body weight. This could be due to initial control of EE and subsequently adjusting the frequency of DBS. Regarding the LCIG group, weight loss could be due to the constant infusion of medication, which could interfere with the absorption process of different nutrients, which in turn could influence weight. Another factor that may influence weight loss is the control of dyskinesias in this group. Patients on oral medication may lose more weight as levodopa in the early stages may be poorly tolerated and cause nausea and vomiting.

Several studies, including Batisse-Lignier et al. (18), noted that DBS affects glucose metabolism control by regulating EGP independently of plasma glucose levels and pancreatic hormones in PD patients. EGP was observed to be higher when stimulation was turned off and normalized to levels similar to control groups when turned on, suggesting a link between central nervous system activity and peripheral tissues involved in glucose homeostasis. Furthermore, as noted by Umemoto et al. (17) and Montaurier et al. (19), post-surgical normalization of energy metabolism can lead to weight gain, with differing impacts based on gender; men tend to gain lean body mass, whereas women primarily gain fat. Various factors contribute to weight gain post-DBS, including improved swallowing, enhanced ability to handle food due to reduced movement issues, less nausea and anorexia linked to dopaminergic treatments, increased appetite, and altered metabolic control due to specific surgical target effects. Additionally, changes in physical activity can help mitigate weight gain, contributing significantly to patients’ QoL improvements when managed effectively.

Given the existing relationship in the gut-brain axis, it is observed that gastrointestinal alterations are due to intestinal dysbiosis, where there is a disturbance of the microbiota (in its diversity, enterotypes, and taxonomic composition) that may lead to neurological compromises with subsequent cognitive impairment and could be analyzed using prodromal markers of this disease and other neurodegenerative disorders. These microbiota alterations could be caused by both the type of nutrition and the type of treatment these patients receive. Prolonged alteration of nutritional status and the microbiota could influence both motor and non-motor symptoms of the disease, and therefore the QoL in PD, either by producing intestinal alterations, affecting activity and physical condition, as well as cognitive status and perception of QoL. In this regard, Jones et al. (21), observed that GI alterations produced dysbiosis of the intestinal microbiota, which could subsequently lead to increased neuroinflammation and degeneration of the neural system important for cognitive functioning. Regarding microbiota diversity, Heinzel et al. (20), observed several risk and prodromal markers (particularly related to motor aspects and constipation) in PD that were associated with altered α and β diversity of the microbiota, enterotypes, and bacterial abundance. Therefore, physical inactivity, constipation, possible RBD, smoking, and subthreshold Parkinsonism had an impact on alterations in the microbial community composition with different microbial measures.

The reviewed studies identified several limitations that should also be taken into account. One limitation was the small sample size of most of the studies. Additionally, various types and stages of PD were examined across the studies which can be challenging when trying to compare results. Secondly, PD is a slowly progressive neurodegenerative disease, and studies that last longer would be needed to better observe the impact of nutritional status in the different stages of the disease. Thirdly, apart from L-dopa treatment, there was a lack of data on the usual treatment of PD patients. Fourthly, some studies did not consider factors that may influence weight gain, such as diet type, dysautonomic symptoms, hormonal factors, or lack of physical activity.

Considering that there are some prodromal symptoms in PD at the intestinal level, such as alteration in the composition of the intestinal microbiota and deposition of alpha-synuclein, at some point before the disease develops, and that the degree of nutritional status may influence the severity of motor symptoms of the disease, additional studies should be conducted on fecal microbiota to better understand how to improve the gut-brain relationship, as well as nutritional studies and how nutrition in these patients can modify the microbiota, thus acting on their QoL. Another factor to consider is how the treatments may modify the nutritional status of patients or alter their microbiota. Future studies should aim to achieve early stages for PD patients.



5 Conclusion

In conclusion, given the relationship between nutritional status and the QoL in PD patients and the existing relationship in the gut-brain axis, better nutritional status would maintain a balanced intestinal microbiota and delay cognitive decline, thus helping to improve ADL and ultimately enhancing the QoL of PD patients. This systematic review confirmed that the nutritional status of PD patients influences both motor and non-motor symptoms of the disease, as well as intestinal microbiota and ADL, and therefore QoL.

Understanding the contribution of optimal nutritional status and intestinal health to cognitive decline is important, as it will help to make a good prognosis and intervention (fecal transplant, administration of prebiotics/probiotics, personalized diets, adjustments in treatments received). Therefore, it is essential to follow a balanced diet adapted and personalized to the patient’s needs, as not everyone has the same EE, the same difficulty in eating, and there is a wide variety of microbial diversity. For this, it would be important to have a dietitian on the medical team, to be able to identify possible nutritional alterations early and to intervene on them in a multidisciplinary way (23).
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Background: The combined effect of depression and nutritional-inflammatory status on mortality in the chronic kidney disease (CKD) population is unclear.
Methods: We prospectively analyzed 3,934 (weighted population: 22,611,423) CKD participants from the National Health and Nutrition Examination Survey (2007–2018). Depression and nutritional-inflammatory status were assessed with Patient Health Questionnaire 9 (PHQ-9) and Advanced Lung Cancer Inflammation Index (ALI), respectively. Weighted multivariate COX regression models, restricted cubic splines (RCS) models, and stratified analyses were used to investigate the association of PHQ-9 scores and ALI with all-cause mortality.
Results: During a median follow-up of 5.8 years (interquartile range 3.4–8.6 years), a total of 985 patients died (25.0%). Each point increase in a patient’s PHQ-9 score increased the risk of all-cause mortality by 4% (HR, 1.04; 95% CI, 1.02–1.06; p < 0.001), in the full adjusted model. However, an increase in ALI levels was associated with a decreased risk. HRs (95% CI) of 0.76 (0.65–0.90), 0.70 (0.57–0.86), and 0.51 (0.41–0.64) in the Q2, Q3, and Q4 of ALI compared with the Q1 of ALI, respectively. In addition, the joint analysis showed that CKD patients without depression and with higher ALI were associated with a reduced risk of all-cause mortality. Namely, patients in the highest ALI group (Q4) without depression had the lowest risk (HR, 0.32; 95% CI, 0.21–0.48). Furthermore, this combined effect was consistent across all subgroups, and no significant interaction was found (p > 0.05 for interaction).
Conclusion: In a nationally representative sample of US patients with CKD, coexisting depression and poorer nutrition-inflammation were associated with a significantly increased risk of all-cause mortality.
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1 Introduction

Chronic kidney disease (CKD) is a worldwide health problem that is widespread and serious, directly leading to the global burden of incidence and mortality and is also an essential risk factor for cardiovascular disease (CVD) (1, 2). The prevalence of CKD among adults in the US was about 15 percent in 2015–2018, and that number appears to be increasing (3, 4). Notably between 1990 and 2017, the global all-age mortality rate for CKD increased by 41.5% (2). The long-term prognosis of patients with CKD is related to a variety of factors, including nutritional status, degree of inflammation, and psychological factors (5–7). Interestingly, they are interrelated and interact with each other (8–10). Therefore, identifying these modifiable prognostic factors is urgent for the survival of CKD patients.

Recently, multiple nutritional/inflammatory indicators have been increasingly shown to serve as valid predictors of prognosis in chronic kidney disease (6, 11–13). The advanced lung cancer inflammation index (ALI) is a new indicator of systemic inflammation level and nutritional status, which consists of neutrophil to lymphocyte ratio (NLR), serum albumin, and body mass index (BMI), and it showed superior predictive prognostic ability for cancer patients relative to other metrics (14–16). Notably, the predictive properties of ALI for prognosis in CKD patients have not been explored.

In addition, psychological factors also have a greater impact on the prognosis of CKD. Depression is among the most widespread psychological disturbances in patients with CKD, affecting an estimated one in four patients (17, 18). Interestingly, there is a bidirectional association between depression and CKD, which may lead to the disease occurring in conjunction with each other (19). Depressed CKD patients tend to have worse outcomes (20, 21). The relationship between depressive symptoms and nutrient-inflammatory states is close and complex (8, 22–25). The causal relationship between them is controversial, and some studies have suggested a bidirectional link (8, 22, 25–27). A recent meta-analysis of cross-sectional associations found significantly higher levels of pro-inflammatory biomarkers, C-reactive protein, interleukin 6 (IL-6), and tumor necrosis factor-alpha, and significantly lower levels of the anti-inflammatory cytokine IL-10 in CKD and end-stage renal failure patients with depressive symptoms relative to CKD and end-stage renal failure patients without depressive symptoms (28). Although many studies explored the relationship between nutritional-inflammatory status and depression, no studies have examined the significance of the combination of nutritional-inflammatory status and depression on the prognosis of CKD patients.

We conducted a prospective study through a nationally representative sample of CKD in the US. First, to examine the performance of ALI for mortality prediction and compare it with other indicators of nutritional/inflammation (based on blood counts). Subsequently, it was used to represent the nutritional-inflammatory status, and we then explored the independent and joint effects of this indicator and depression on the risk of all-cause mortality.



2 Methods


2.1 Study population

This prospective cohort study used data from a nationally representative sample of six consecutive cycles of the National Health and Nutrition Examination Survey (NHANES) from 2007 to 2018. The Ethics Review Board of the National Center for Health Statistics approved all NHANES protocols, and written informed consent was obtained from all participants. The survey has been conducted every 2 years since 1999 to monitor the health and nutritional status of the US population through interviews and physical examinations.

NHANES uses stratified, multistage random sampling to collect data from a nationally representative, noninstitutionalized US sample. Participants were considered to have CKD when they presented with an estimated glomerular filtration rate (eGFR) < 60 mL /min/1.73 m2 or urinary albumin/creatinine ratio (UACR) ≥ 30 mg/g (29). The eGFR was calculated by the CKD-EPI equation (30). Among the 59,482 participants from 2007 to 2018, we excluded those (a) with incomplete Patient Health Questionnaire-9 (PHQ-9) (n = 28,022); (b) who were pregnant (n = 323); (c) less than 20 years old (n = 1,616); (d) without CKD (n = 24,222); (e) with missing mortality data (n = 6); (f) with missing data on nutritional/inflammatory indicators (n = 342); (g) any missing covariate information (n = 1,017). A sample of 3,934 (weighted population: 22,611,423) eligible CKD patients were finally included in this study.



2.2 Definition of depression

We used PHQ-9, which includes nine items (lack of interest, depressed mood, trouble sleeping, fatigue, appetite problems, worthlessness, lack of concentration, psychomotor agitation or retardation, and suicidal thoughts), to determine the depression in the CKD population. The score for each item is based on how often the participant has experienced a particular symptom in the past 2 weeks. Each project has four answer categories, “not at all,” “several days,” “more than half the days,” and “nearly every day,” corresponding to 0, 1, 2, and 3 points, respectively. As a result, the total score on the PHQ-9 ranges from 0 to 27, with higher scores representing more severe depressive symptoms. Based on extensive research on the accuracy of the PHQ-9, we defined participants with a total score ≥ 10 as having depression (31, 32).



2.3 Assessment of nutritional/inflammatory indicators

ALI was obtained by multiplying BMI (kg/m2) by serum albumin (g/dL) divided by NLR. A higher ALI represents better nutritional status and lower levels of inflammation in the participants. Detailed calculations of other nutritional/inflammatory indicators were shown in Supplementary Table S1.



2.4 Assessment of mortality

The study endpoint for this cohort was all-cause mortality, meaning death due to any cause. Participants’ vital status and the length of follow-up were determined by cross-referencing with the National Death Index until December 31, 2019.1 The follow-up period was counted from initial participation in the NHANES program to the date of death or December 31, 2019.



2.5 Covariates

The covariates in this study consisted mainly of demographic characteristics (age, sex, race, education level, income-poverty ratio [PIR], and marital status), medical history information (diabetes mellitus [DM], CVD, hyperlipidemia, hypertension, cancer, smoking status, drinking status, and sleep duration) and laboratory blood indicators (high-density lipoprotein cholesterol [HDL-C], alanine aminotransferase [ALT], aspartate aminotransferase [AST], total cholesterol [TC], and eGFR). Specific groupings of categorical variables and units for all variables can be found in Table 1. Participants were considered to have a history of CVD when they self-reported angina, congestive heart failure, coronary heart disease, heart attack, and stroke. When participants were asked, “Have you ever been told by a doctor or other health professional that you have cancer or any malignant tumor?,” patients were considered to have a history of cancer if they answered yes. All other variable definitions are available in this study (33). Exhaustive measurement techniques for all variables in this study are available at https://www.cdc.gov/nchs/nhanes/.



TABLE 1 Baseline characteristics of chronic kidney disease participants stratified by quartiles of advanced lung cancer inflammation index.
[image: A detailed table displaying characteristics and statistics related to an advanced lung cancer inflammation index. It is divided into quartiles based on index ranges and includes data on age, sex, race, marital status, poverty, education, smoking, alcohol use, body mass index, sleep duration, biochemical markers, hypertension, hyperlipidemia, cardiovascular disease, diabetes, cancer, and depression. P-values for comparisons across quartiles are also provided, indicating the statistical significance of the differences observed among the groups.]



2.6 Statistical analysis

Sample weighting, clustering, and stratification were applied to the analysis in this study due to the complexity of the NHANES sampling design. Baseline characteristics were expressed as quartiles (Q1–Q4) of the ALI. Continuous and categorical variables were, respectively, expressed as weighted means ± standard error (SE) and unweighted frequencies (weighted percentages) and were compared using weighted linear regression and chi-square tests, respectively. We used time-dependent receiver operating characteristic curves (time-ROC) to examine the performance of ALI for mortality prediction and compare it with other indicators of nutritional/inflammation (based on blood counts).

Hazard ratios (HRs) and 95% confidence interval (CI) for the effects of depression and ALI on all-cause mortality were assessed using weighted multivariate Cox proportional hazards models, respectively. Subsequently, we grouped participants in the four ALI levels into eight subgroups based on the presence or absence of depression, to investigate the impact of depression in combination with ALI on the prognosis of patients with CKD. This effect was assessed by weighted multivariate Cox proportional hazards modeling using Q1 ALI participants with depression as controls. A total of three models were constructed. Model 1 was not adjusted. Model 2 was adjusted for demographic characteristics. Model 3 was adjusted for medical history information, and laboratory blood indicators based on Model 2. Harrell et al. concluded that the model fits better when the number of knots is four, i.e., it takes into account the smoothness of the curves while avoiding the reduction in accuracy caused by overfitting (34). Therefore, in this study, the knots of the RCS model are set to four (5th, 35th, 65th, and 95th percentiles) to further explore potential nonlinear associations of PHQ-9 scores and ALI with all-cause mortality.

We repeated the main analyses stratified by sex, age (<65 vs. ≥65 years), PIR (<1.3 vs. 1.3 to <3.5 vs. ≥3.5) and DM (yes vs. pre-DM vs. no). We also used stratification analysis to assess potential interactions. In the stratified analysis of joint influence, due to the small sample size of some groups, we transformed ALI into a binary variable (≤49.98 and >49.98) based on the optimal cut-off of the ROC curve ALI. Subsequently, we performed two sensitivity analyses. In the first analysis, participants who died during the first year of follow-up were excluded from the analysis to reduce the possibility of reverse causality bias. For the second analysis, we unweighted the analyses to compare whether weighted analyses had a large effect on the results.

All statistical analyses were performed using R software version 4.4.0 when a two-sided p < 0.05 was considered the threshold for statistical significance.




3 Results


3.1 Study participants

A total of 3,934 patients with CKD (weighted population: 22,611,423; weighted mean age [SE] 60.4 [0.3] years; weighted female proportion 56.3%). Of these participants, 506 (7.0%) were Mexican American, 1,885 (70.7%) were Non-Hispanic White, 876 (11.6%) were Non-Hispanic Black, 330 (4.4%) were Other Hispanic, and 337 (6.3%) were of Other races. Participants were categorized into 4 groups based on quartiles of the ALI: Q1 (2.8–39.7), Q2 (39.7–56.9), Q3 (56.9–80.2), and Q4 (80.2–17930.1). Their detailed baseline data characteristics were presented in Table 1. Participants with lower ALI were more likely to be older, male, Non-Hispanic White, PIR between 1.3 and 3.5, former alcohol use, former smoking, BMI between 25 and 30 kg/m2, sleep duration > 9 h, higher HDL-C, lower total cholesterol, lower eGFR, non-hyperlipidemia, and history of CVD and cancer.



3.2 Predictive accuracy of ALI

The effectiveness of 14 nutritional/inflammatory indicators for the prediction of all-cause mortality was assessed using time-ROC. The area under the curve (AUC) for all-cause mortality at 1, 3, 5, and 10 years for ALI was 0.672, 0.669, 0.648, and 0.642, respectively, which was the largest relative to any of the other nutritional/inflammatory indicators (Figure 1).

[image: Four ROC curves labeled A, B, C, and D, each plotting true positive rate against false positive rate. Multiple colored lines represent different data sets or models. Each plot shows performance consistency across models, with lines closely following the diagonal line, indicating random performance. Legends beside each plot identify line colors.]

FIGURE 1
 The ROC of nutritional/inflammatory indicators in predicting 1- (A), 3- (B), 5- (C), and 10- (D) years all-cause mortality in patients with chronic kidney disease. ROC, receiver operating characteristics curve; AUC, area under the curve; ALI, advanced lung cancer inflammation index; NLR, neutrophil to lymphocyte ratio; SII, systemic immune-inflammation index; SIRI, systemic inflammation response index; PIV, pan-immune-inflammation value; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutritional index; GNRI, geriatric nutritional risk index; PINI, prognostic immune nutritional index; NHR, neutrophil to high-density lipoprotein-cholesterol ratio; MHR, Monocyte to high-density lipoprotein-cholesterol ratio; PHR, platelet to high-density lipoprotein-cholesterol ratio; LHR, lymphocyte to high-density lipoprotein-cholesterol ratio; COUNT score, controlling nutritional status score.




3.3 Independent association of depression and ALI with all-cause mortality

During a median follow-up of 5.8 years (interquartile range 3.4–8.6 years), a total of 985 patients died (25.0%). Weighted multivariate Cox proportional hazards regression model (Model 3) showed that the risk of all-cause mortality was elevated in CKD patients with depression compared to CKD patients without it, with HR of 1.55 (95% CI, 1.24–1.95) (Table 2). In addition, the risk increased by 4% (p < 0.001) for each point increase in participants’ PHQ-9 scores. Furthermore, elevated ALI levels were associated with a significantly lower risk (Table 2). Multivariable-adjusted model (Model 3) showed HRs (95% CI) of 0.76 (0.65–0.90), 0.70 (0.57–0.86), and 0.51 (0.41–0.64) in the Q2, Q3, and Q4 of ALI compared with the Q1 of ALI, respectively.



TABLE 2 Association of advanced lung cancer inflammation index (ALI) and PHQ-9 score with all-cause mortality among chronic kidney disease patients.
[image: Table displaying hazard ratios for PHQ-9 scores and ALI quartiles across three models. PHQ-9 score shows increased hazard with depression. ALI quartiles indicate decreasing hazard ratios with higher quartiles. Adjustments vary by model, with details provided below the table.]

We observed a nonlinear relationship between PHQ-9 score (p for non-linear = 0.019) and ALI (p for non-linear<0.001) and the risk of all-cause mortality using the RCS model (adjusted for all covariates) (Figure 2). As the PHQ-9 score increased, the risk first increased sharply and then leveled off. In addition, there was an “L” shaped correlation between the risk and the level of ALI, with the risk initially decreasing significantly with increasing ALI and then leveling off.

[image: Two graphs, labeled A and B, depict the relationship between scores and all-cause mortality. Graph A shows the PNI score on the x-axis and linear predictor values on the y-axis, with a rising blue trend line and shaded region indicating variability. Graph B shows the Advanced Lung Cancer Inflammation Index on the x-axis and similar linear predictor values on the y-axis, with a steep initial decline in the trend line that stabilizes. Both graphs have significance levels noted: overall p < 0.001, and nonlinear p-values of 0.279 for A and 0.001 for B.]

FIGURE 2
 Association of PHQ-9 score (A) and advanced lung cancer inflammation index (B) with all-cause mortality using RCS models. Adjusted for age, sex, race, PIR, education level, marital status, smoking, alcohol use, sleep duration, AST, ALT, HDL-C, total cholesterol, eGFR, hypertension, hyperlipidemia, CVD, DM, and cancer. PHQ-9, Patient Health Questionnaire-9; RCS, restricted cubic spline.




3.4 Combined association of depression and ALI with all-cause mortality

The potential joint effect of depression and ALI on all-cause mortality was further explored by combining the presence/absence of the depression group and the ALI group into 8 categories of variables to indicate joint exposure. We observed an increased risk in participants with depression and lower ALI levels (Table 3; Figure 3). In the fully adjusted model, participants with both no depression and the highest levels (Q4) had the lowest risk mortality (HR, 0.32; 95% CI, 0.21–0.48) compared with participants with both depression and low levels of ALI (Q1).



TABLE 3 Joint association of advanced lung cancer inflammation index (ALI) and PHQ-9 score with all-cause mortality among chronic kidney disease patients.
[image: Table showing hazard ratios and confidence intervals for participants grouped by PHQ-9 scores indicating depression or no depression. The table includes data for different models (1, 2, 3) with adjustments for various covariates. The number of deaths and participants are listed for each ALI subgroup (Q1 to Q4), with specific hazard ratios and confidence intervals provided for each model. A reference code explains the covariates adjusted in each model.]

[image: Forest plot displaying hazard ratios with 95% confidence intervals for PQH-9 scores. Two sets of data are presented, one for scores less than 10 and one for scores greater than 10. Each set has four quantiles, marked as ALI Q1 to ALI Q4, with green squares representing hazard ratios. Squares aligned with horizontal lines indicate confidence intervals, with p-values listed next to each quantile. The plotted data suggests statistical significance for some quantiles, particularly ALI Q2 to Q4 in PQH-9 score greater than 10, where p-values are below 0.05.]

FIGURE 3
 Joint effect analysis of depression and advanced lung cancer inflammation index (ALI) with risks of all-cause mortality. Adjusted for age, sex, race, PIR, education level, marital status, smoking, alcohol use, sleep duration, AST, ALT, HDL-C, total cholesterol, eGFR, hypertension, hyperlipidemia, CVD, DM, and cancer. PHQ-9, Patient Health Questionnaire-9.




3.5 Subgroup and sensitivity analyses

In the subgroup analyses, we performed the main analyses stratified by age (<65 vs. ≥65 years), PIR (<1.3 vs. 1.3 to <3.5 vs. ≥3.5) and DM (yes vs. pre-DM vs. no). The joint effect was consistent in all subgroups, and no significant interaction was found (Supplementary Tables S2–S5).

Two sensitivity analyses were then performed to show that the combined effect remained robust. First, deaths with less than 1 year of follow-up were excluded (Supplementary Table S6). Second, no weighting was applied to the analyses (Supplementary Table S7). However, the joint effect remained robust.




4 Discussion

This study investigated the impact of depression and nutritional-inflammatory status (ALI) on survival in a CKD population using a prospective nationally representative cohort. First, a comparison of the ALI with the 14 indicators of nutritional/inflammation (based on blood counts) demonstrated its superior performance in predicting mortality. Second, we found that PHQ-9 score and ALI were independently associated with the risk of all-cause mortality. In addition, our findings suggest that patients with both depression and low levels of ALI (Q1) have the highest risk relative to the rest of the population. Finally, this joint effect was consistent in all subgroups, and this main association also proved robust in sensitivity analyses. This is the first study to investigate the combined impact of nutritional-inflammatory status and depression on the risk of death in patients with CKD.

Several studies have demonstrated that depressive symptoms in CKD patients are inextricably linked to the immune-inflammatory state (8–10, 35–39). These studies all concluded that depression in CKD patients tends to be associated with malnutrition and higher levels of inflammation. One of the most basic comprehensive management and dietary treatments for the CKD population is a low-protein diet (LPD) (40). Although this management approach slows the progression of CKD, it cannot be ignored that it increases the risk of malnutrition (41, 42). LPD is usually accompanied by high carbohydrate intake and acute muscle loss leading to increased levels of inflammation and insulin resistance (43–45). In addition, patients have decreased levels of certain amino acids (e.g., tyrosine and tryptophan) and micronutrients (e.g., vitamin D and zinc) (44, 45). All of these will lead to an increased risk of depression (45–47). Chronic inflammation is often present in people with CKD, and this is an important route to depression (26, 48). For example, inflammation can contribute to depression by affecting the activation of the hypothalamic-pituitary-adrenal axis and disrupting the two-way communication system between the gut microbiota and the brain (49–51).

Interestingly, depression can exacerbate levels of malnutrition and inflammation leading to a vicious cycle of disease. When depression occurs in CKD patients it can lead to loss of appetite and reduced dietary compliance, which can cause malnutrition in the organism (52, 53). It is also an indisputable fact that depression leads to increased peripheral inflammation through various mechanisms (54). For example, patients with depression have an increased release of adrenocorticotropic hormones from the central system leading to excessive activation of the hypothalamic-pituitary-adrenal axis ultimately exacerbating systemic inflammation (19). In short, depressive symptoms, malnutrition, and inflammation interact and influence each other. Nevertheless, only two studies to date have explored the combined effects of inflammation/malnutrition and depression on mortality risk (15, 55). The study populations for these two cohorts were derived from representative samples of ≥50-year-old community residents in England and ≥40-year-old cancer survivors in the US, respectively. They confirmed that the combined effects were associated with a significantly increased risk of all-cause and CVD death in men and a significantly increased risk of all-cause and non-cancer mortality in cancer survivors. Notably, similar studies have not been explored in CKD.

Most studies have shown that depression not only increases the incidence of CKD but also accelerates the progression of CKD leading to a higher risk of death (19, 56–58). Although our findings are consistent with this, this conclusion is also somewhat controversial. A recent Mendelian randomization study found that depressive symptoms are causally associated with decreased eGFR and are an important causative factor in impairing renal function, however, it is not correlated with the risk of incident of CKD (59). Furthermore, a cohort study of Chinese peritoneal dialysis patients concluded that depression was not an independent prognostic indicator of their predicted one-year mortality rate (60). Interestingly, Saglimbene et al. confirmed that depressive symptoms were only associated with the risk of non-CVD death in CKD patients on hemodialysis, but not with the risk of CVD death (61). These differences may be due to the short follow-up period, small sample size, and differences in the characteristics of the population. Moreover, depression has been associated with several comorbidities in CKD, for example, it is associated with infection in dialysis patients (62), low bone mineral density in elderly non-dialysis patients (63), and sarcopenia in patients with different stages of CKD (64). The exact mechanism by which depression are associated with a poor prognosis in CKD is unclear. According to previous studies (19, 56), this may be related to behavioral and biological factors in depressed patients. Depressed patients are more prone to many adverse health behaviors, such as obesity, decreased treatment adherence, and lack of physical activity, which are risk factors for CKD prognosis (19, 65). Depression is commonly associated with higher levels of low-grade systemic inflammation, endothelial dysfunction, abnormal activation of the hypothalamic-pituitary-adrenal axis, and overactivation of the sympathetic nervous system, which persistently interferes with the intrarenal microcirculation and perfusion distribution, leading to further renal damage in patients with CKD (66, 67).

There is a wide variety of nutritional/inflammatory markers and most studies have only explored their relationship with CKD prognosis separately (6, 11–13, 68). However, no study has compared their predictive performance in a comprehensive manner to select the best predictor. We included as many previous nutritional/inflammatory indicators as possible in this study and subsequently confirmed that ALI had the strongest predictive performance by time-ROC. On the other hand, this is the first study to investigate the association between ALI and prognosis in the CKD population. ALI was first developed to assess the prognosis of lung cancer patients and was found to be the best inflammatory biomarker of overall survival in lung cancer patients (14). Subsequently, a growing number of studies have found it to have superior predictive performance in multiple types of cancer, which include gastric, colorectal, head and neck squamous cell carcinoma, melanoma, thymic epithelial tumors, hepatocellular carcinoma, nasopharyngeal carcinoma, and diffuse large B-cell lymphoma (15, 69, 70). Interestingly, in recent years ALI has been found to have excellent predictive performance in certain non-tumor diseases as well, which include stroke, type 2 diabetes, heart failure, and hypertension (71–74). Alarmingly in this study, ALI was found to be the strongest predictor of all-cause mortality in CKD patients relative to other nutritional/inflammatory markers. This is mainly since low ALI reflects a combination of malnutrition and high levels of inflammation, which are important factors in the poor prognosis of CKD.

ALI was calculated from BMI, serum albumin level, and NLR. This is even though higher BMI is a risk factor for developing CKD (75–77). Interestingly, higher BMI was associated with a decreased risk of death in the CKD population (78, 79). CKD is a chronic inflammation-related disease prone to malnutrition leading to cachexia (79). Cachexia is commonly associated with a worsening prognosis, and BMI is one of the criteria used to diagnose cachexia (79). Serum albumin levels are also a key indicator of the body’s nutritional status, and hypoalbuminemia is a key predictor of death in patients with CKD (80). Hypoalbuminemia in the CKD population is commonly caused by chronic inflammation, dialysis treatment, catabolic alterations, and protein restriction. In addition, albumin is one of the most important antioxidants in the blood (81), and its decline exacerbates the systemic inflammatory response in CKD. Notably, when combined with the degree of systemic inflammation serum albumin can better predict the risk of death in CKD patients (82). This partly explains the superior performance of ALI predictions. NLR, derived from neutrophil and lymphocyte counts, is an important indicator of systemic inflammation and is strongly associated with the prognosis of CKD patients (83, 84). Neutrophils can cause renal fibrosis directly or indirectly by releasing reactive oxygen species, granular material, inflammatory mediators, collagen1, and pro-fibrotic inflammatory cytokines, leading to CKD progression (85). Whereas many types of lymphocytes attenuate inflammation and fibrosis in the kidney, such as IL-33R+ and IL-2Ra + regulatory T cells, INF-γ-producing CD8+ T cells, and CD11c+ CD8+ T cells in obstructed kidney (86, 87). In overview, it is significant to explore the combined effects of depression and ALI on the prognosis of patients with CKD.

The major strength of our study is that it used a representative sample of CKD patients in the US, as well as a multiethnic sample so that the findings can be generalized to the larger CKD population. Furthermore, reliable and exhaustive data were included in NHNAES so that we could control as much as possible for well-known confounders such as demographic characteristics, lifestyle, and history of chronic disease. We also performed some sensitivity analyses at the end to assess the robustness of the findings.

Nevertheless, some limitations must be taken into account when explaining our findings. Firstly, indicators of depression and nutritional-inflammatory status in the CKD population were measured only at the time of baseline data collection; therefore, we were unable to obtain the dynamics of these conditions during the follow-up period. Secondly, although as much information on confounders as possible was obtained, there was still residual confounding information that could not be obtained, such as medication adherence, the cycle and duration of dialysis treatments, renal transplant history, and medication use. For example, decreased medication adherence is common in depressed patients and this can have a serious impact on the prognosis of CKD patients. One study found that depression in hemodialysis patients was significantly associated with blood pressure medication nonadherence (88). This has led to confusion about whether depression itself has an impact on CKD prognosis. In addition, a portion of depressed patients may be receiving sertraline. Of note, one study found that sertraline use in CKD patients was associated with downregulation of certain otherwise high inflammatory biomarkers (89). So the inflammatory markers we measured may have been affected by these drugs as well. Therefore, the absence of above information may lead to biased study results. Thirdly, CKD populations with major depressive symptoms may disproportionately choose not to participate in the NHANES survey (90); therefore, a small proportion of major depressive populations may be absent in this study.



5 Conclusion

In this cohort study of CKD patients in the US, findings showed that both depression and nutritional-inflammatory status were associated with their all-cause mortality. Notably, patients with poorer nutritional-inflammatory status and depression had the worst prognosis relative to the other populations. These results emphasize that special attention should be paid to depression and nutrient-inflammatory status when developing individualized intervention strategies to improve the prognosis of patients with CKD and that they should be targeted for treatment and prevention.
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Objective: This study aims to evaluate the nutritional status of Chinese gynecologic cancer survivors with post-surgical lower limb lymphedema (LLL) by analyzing serum albumin levels and the prognostic nutritional index (PNI).
Methods: A retrospective cross-sectional study was conducted at two Chinese medical centers. The cohort comprised 155 gynecologic cancer survivors who developed symptomatic unilateral LLL post-surgery, during the period from September 2021 to June 2024. Nutritional status was assessed by measuring serum albumin and PNI. Statistical analysis was performed using univariate and multivariate logistic regression models to identify factors associated with low serum albumin and PNI.
Results: The mean age of the cohort was 55.47 ± 10.56 years, and the median total survival time was 72.0 months (36.5, 111.5 months). The prevalence of low serum albumin (<40 g/L) was 40.0%, and low PNI (<45) was 80.6%. Significant associations were found between low hemoglobin levels and both low serum albumin (OR = 1.05, 95% CI: 1.02–1.08, p < 0.001) and low PNI (OR = 1.09, 95% CI: 1.04–1.13, p < 0.001). Advanced International Society of Lymphology stage 3 was also associated with low albumin (OR = 0.18, 95% CI: 0.03–0.99, p < 0.05).
Conclusion: The study highlights a significant prevalence of high risk of malnutrition among Chinese gynecologic cancer survivors with LLL, underscoring the need for regular nutritional assessments and interventions.
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Introduction

Gynecological cancers, including cervical, endometrial, and ovarian cancers, represent a significant burden on women's health worldwide (1–3). Lower limb lymphedema (LLL), a common complication characterized by the accumulation of lymphatic fluid in the interstitial tissue of lower extremity, often occurs following radical surgery and radiotherapy (4–6). This condition leads to chronic swelling, pain, and decreased quality of life (7). The prevalence of LLL in gynecological cancer survivors ranges from 20% to 40%, according to previous studies. LLL remains a significant challenge, requiring long-term management and exacerbating the substantial difficulties faced by cancer survivors (6, 8, 9).

Nutritional status plays a pivotal role in the overall prognosis and quality of life for cancer patients. High risk of malnutrition is prevalent among cancer patients and is associated with increased morbidity, mortality, and healthcare costs (10, 11). Despite the well-recognized importance of nutritional status in cancer care, there is a notable lack of research focusing on the nutritional challenges faced by gynecological cancer survivors with LLL post-surgery. Current literature inadequately addresses the prevalence and impact of high risk of malnutrition in this specific patient population, underscoring the need for targeted studies to fill this deficit.

Serum albumin, a major plasma protein synthesized by the liver, serves as a marker for protein-energy malnutrition and systemic inflammation (12). Low serum albumin levels are indicative of poor nutritional status and have been linked to worse clinical outcomes (13). The Prognostic Nutritional Index (PNI), which combines serum albumin levels and lymphocyte count, provides a comprehensive assessment of both nutritional and immune status (14, 15). Both serum albumin and PNI has been widely used to evaluate the risk of postoperative complications, disease progression, and survival in various cancers (16, 17).

We aim to address the gap in the literature by evaluating the serum albumin and the PNI of patients who have undergone surgery for gynecological cancers and developed LLL. By retrospectively analyzing the patients from two Chinese medical centers, we seek to identify significant associations and provide insights into the presence of high risk of malnutrition in this vulnerable patient population. We hypothesize that high risk of malnutrition, indicated by low serum albumin and PNI levels, is prevalent among gynecologic cancer survivors with LLL, and addressing these nutritional challenges could improve their overall prognosis and quality of life.



Materials and methods


Study design

We conducted a retrospective cross-sectional study to assess the nutritional status of patients with gynecological cancer who developed symptomatic unilateral LLL after surgery and were subsequently referred for intensive complex decongestive lymphatic therapy (CDT) at two Chinese hospitals.



Patient selection and data collection

The data from all patients admitted to hospitals who underwent CDT between September 2021 and June 2024 were collected using a dedicated LLL clinical research system and subsequently analyzed. This study adhered to the principles of the Declaration of Helsinki. The local ethics committee granted approval for the study (protocol number: 2021KL-076), and all patients provided their written informed consent upon their admission into the study.

The diagnosis of LLL was made in accordance with the 2020 consensus document of the International Society of Lymphology (ISL) (18). It was based on a comprehensive evaluation of the patient's medical history, physical examination, and ultrasound scan of the lower limb subcutaneous tissue upon admission. The diagnostic criterion for LLL included an interlimb volume difference exceeding 10% when compared to the contralateral limb. Additionally, the presence of a subcutaneous echo-free space observed in ultrasound scans was indicative of LLL.

The study's inclusion criteria included: women who had received surgical treatment for gynecological cancer; developed unilateral LLL at least 12 months after surgery (18). Exclusion criteria included: cancer recurrence or metastasis; deep venous thrombosis or chronic venous insufficiency; infection on the edematous limb; presence of other malignancies; chronic liver and kidney dysfunction.



LLL measures

The severity of lymphedema was classified based on the ISL staging system (mild: stages 0 to I; moderate-to-severe: stages II to III) (18). The circumference of both lower extremities was measured at a total of five locations (knee, 10 and 30 cm above and below the knee). The formula used to calculate the volume of a lower extremity segment was derived by Casley-Smith (19). It is represented as V=h(C2+Cc+c2)/12π, where V denotes the volume, C and c represent the circumferences at each end, and h indicates the distance between the ends. The severity of lymphedema is defined as the percentage of excess volume (PEV), the excess volume [the difference between lymphedema leg (VL) and healthy leg (VH) relative to the healthy leg volume (VH)], PEV = (baseline VL – VH)/VH × 100%. The PEV is more effective in defining the severity of lymphedema compared to the absolute difference in volume (20). Additionally, in this study, we focus on unilateral LLL and exclude bilateral LLL for this reason. The PEV of the entire leg, lower leg, and upper leg were all calculated.



Nutrition status assessment and definition

The nutritional status of patients was evaluated by measuring serum albumin and the PNI. Prior to treatment, peripheral venous blood was collected from all patients, and serum albumin, total protein, and complete blood cell counts were assessed using colorimetry with an automatic biochemical analyzer (Beckman, USA). In this study, we adopted the diagnostic criteria as follows: Serum albumin: Normal range: 40–55 g/L; Low albumin: Albumin < 40 g/L. PNI: PNI = Serum albumin (g/L) + 0.005 × lymphocyte count per microliter (14). Low PNI was defined as the PNI < 45.



Statistical analysis

Continuous variables were described using the mean ± standard deviation (SD) or media (interquartile 25, interquartile 75), depending on their distribution as assessed by the Shapiro-Wilk test. Categorical variables were presented as frequencies (n) and percentages (%). For the univariate analysis, the independent t-test was used to compare continuous variables when data were normally distributed, while the Mann-Whitney U test was applied for non-normally distributed data. Categorical variables were analyzed using the Chi-square test or Fisher's exact test as appropriate to evaluate associations between groups. Venn diagrams were used to illustrate the relationship between serum albumin and PNI.

Multivariate analysis was conducted using logistic regression models to identify independent predictors of low serum albumin and low PNI. Variables with a p-value < 0.1 in the univariate analysis were entered into the multivariate model to control for confounding factors. Adjusted odds ratios (OR) and 95% confidence intervals (CI) were calculated to quantify the strength of associations. A p-value of < 0.05 was considered statistically significant. All statistical tests were two-sided, and analyses were performed using R version 4.0.2 (R Foundation for Statistical Computing, Vienna, Austria).




Results


Patient characteristics

A total of 155 patients were included in this study (Figure 1). The mean age of the cohort was 55.47 ± 10.56 years, and the mean Body Mass Index (BMI) was 26.26 ± 4.06. Laboratory tests showed a median hemoglobin level of 135 g/L (125, 145 g/L), a mean white cell count of 4.89 ± 1.35 x 109/L, and a median neutrophil percentage of 61.00% (56.45, 66.05%). The cohort included 104 (67.10%) patients with cervical cancer, 41 (26.45%) with endometrial cancer, and 10 (6.45%) with ovarian cancer.


[image: Flowchart detailing the selection process for a study. Patients with gynecological cancer and lower limb lymphedema admitted for therapy are considered. Inclusion criteria: treated surgically for cancer and experienced lymphedema 12 months post-surgery (n=170). Exclusion criteria: cancer recurrence, venous issues, cellulitis, chronic liver or kidney disease (total n=15 excluded). Final group for nutritional assessment is n=155.]
FIGURE 1
 Flowchart of patient selection for nutritional status assessment in gynecological cancer survivors with lower limb lymphedema.


Post-surgical treatment modalities included chemotherapy in 111 (72.61%) patients and radiotherapy in 108 (69.68%) patients. The median time to onset of lower limb lymphedema (LLL) following surgery was 36.0 months (12.0, 64.5 months), with a median edema duration of 24.0 months (12.0, 57.5 months), and a median total survival time of 72.0 months (36.5, 111.5 months). Sixteen patients (10.32%) had a history of cellulitis. LLL was left-sided in 81 (52.26%) patients and right-sided in 74 (47.74%) patients. According to ISL staging, 9 (5.81%) patients were at stage 1, 109 (70.32%) at stage 2, and 37 (23.87%) at stage 3. Edema quantification using PEV revealed median values of 41.58% (24.90, 63.47%) for the lower leg, 34.20% (22.03, 51.79%) for the upper leg, and 38.15% (24.38, 51.60%) for the whole leg. Detailed characteristics are summarized in Table 1.


TABLE 1 Patient characteristic and nutritional status.

[image: Table displaying clinical characteristics of 155 patients categorized by serum albumin and prognostic nutrition index (PNI) levels. Variables include age, BMI, hemoglobin, white cell count, neutrophil percentage, type of cancer, post-surgery time, edema time, survival time, chemotherapy, radiotherapy, infection history, side of lower limb edema, ISL stage, and PEV percentages. Data are presented with mean ± standard deviation or median values along with P values for statistical significance, marked with an asterisk for values less than 0.05.]



Nutritional status of the patients

Table 1 also details the prevalence of low albumin and PNI among patients and compares clinical features between low and normal albumin and PNI groups.

Analysis using albumin < 40 g/L as a cutoff indicated that 62 (40.0%) patients had low serum albumin levels. When using PNI < 45 as a cutoff, 125 (80.6%) patients had low PNI scores. Comparison between the low albumin group and the normal group revealed statistically significant differences in hemoglobin levels, ISL stage, and lower leg PEV (p < 0.05). However, only hemoglobin levels (p < 0.05) showed a significant difference between low PNI and normal PNI groups.

Figure 2 presents a Venn diagram comparing two methods of evaluating the same cohort. It highlights that patients with albumin levels below 40 g/L were mostly included in the PNI < 45 group, with only one exception. Similarly, patients with PNI ≥45 were predominantly in the albumin ≥40 g/L group, with only one exception. This demonstrates a strong concordance between albumin levels and PNI scores in assessing nutritional status, revealing significant overlap and notable differences within this specific patient population.


[image: Two Venn diagrams illustrate the overlap between Albumin levels and Prognostic Nutritional Index (PNI). The left diagram shows green circles with intersections for Albumin < 40 and PNI < 45, with numbers 1, 61, and 64. The right diagram has red circles for Albumin ≥ 40 and PNI ≥ 45, with numbers 2, 29, and 64.]
FIGURE 2
 Venn diagram of nutritional status evaluation by low serum albumin level and prognostic nutritional index (PNI).




Factor associated with low albumin and PNI

Variables associated with low albumin were identified using univariate logistic regression analysis. Variables with p < 0.1 between the low albumin group and the normal group included hemoglobin, type of cancer, ISL stage, lower leg PEV, and whole leg PEV. Hemoglobin and ISL stage were further tested using multivariate logistic regression. The results, shown in Table 2, demonstrated that low hemoglobin (OR = 1.05, 95% CI: 1.02-1.08, p < 0.001) and ISL stage 3 (OR = 0.18, 95% CI: 0.03-0.99, p < 0.05) were associated with low albumin.


TABLE 2 Factors associated with low serum albumin.

[image: Statistical table comparing univariate and multivariate analyses for different medical variables. Variables include hemoglobin, cervical, endometrial, ovarian, ISL stage, lower leg PEV, and whole leg PEV. Results show beta coefficients, p-values, and odds ratios with confidence intervals, highlighting significant p-values for hemoglobin and ISL stage 3. OR represents odds ratio, and CI represents confidence interval. Significance is marked by asterisks.]

Variables associated with low PNI were identified using univariate and multivariate logistic regression analysis. Variables with p < 0.1 between the low PNI group and the normal group included hemoglobin, upper leg PEV, and whole leg PEV. The results, shown in Table 3, indicated that only low hemoglobin (OR = 1.09, 95% CI: 1.04-1.13, p < 0.001) was associated with low PNI.


TABLE 3 Factors associated with prognostic nutritional index (PNI).

[image: Table showing variables with univariate and multivariate analyses. Hemoglobin: univariate β=0.08, P<0.001, OR=1.09 (95% CI: 1.04−1.13); multivariate β=0.08, P<0.001, OR=1.09 (95% CI: 1.04−1.13). Upper Leg PEV: β=−0.01, P=0.195, OR=0.99. Whole Leg PEV: β=−0.01, P=0.209, OR=0.99. PEV is percentage of excess volume.]




Discussion

This study evaluated the nutritional status of Chinese gynecologic cancer survivors experiencing LLL by analyzing serum albumin levels and PNI. Our findings indicate a high prevalence of high risk of malnutrition among gynecologic cancer survivors with LLL, with 40.0% of patients having serum albumin levels below 40 g/L and 80.6% having PNI scores below 45. Notably, our study is the first to specifically document the nutritional deficiencies and their prevalence among gynecologic cancer survivors with LLL, providing new insights into an under-researched patient population and highlighting significant nutritional challenges faced by this patient group.

Our study corroborates previous research indicating that high risk of malnutrition is common among cancer patients. Numerous studies (21–23) have highlighted that low albumin levels are prevalent among gynecologic cancer patients and are often linked to poorer prognosis, increased postoperative complications, and reduced overall survival rates. Low serum albumin levels reflect both poor nutritional status and an ongoing inflammatory response, which are critical in the management and recovery of cancer patients (24, 25). The clinical implications include heightened susceptibility to infections, delayed wound healing, and prolonged hospital stays. Wang et al. in a recent meta-analysis confirmed the association between low albumin levels and adverse clinical outcomes in gynecologic cancer patients (26).

Research has identified the PNI as an important marker in assessing the nutritional status and prognosis of gynecologic cancer patients (27–29). The PNI, which combines serum albumin levels and total lymphocyte count, provides insight into a patient's nutritional and immune status, as well as their inflammatory state (30, 31). Low PNI scores are associated with worse clinical outcomes, including lower overall survival rates and increased risk of complications during and after treatment (32–34). Clinically, low PNI scores indicate a need for intensive nutritional support and close monitoring to improve patient outcomes (35). Wang, et al. in a comprehensive review emphasized the role of PNI as a significant prognostic factor and its utility in guiding nutritional interventions (36).

While many studies use albumin < 35 g/L as a cutoff, our study utilized < 40 g/L as the threshold, as our laboratory tests indicated this level as abnormal. According to a meta-analysis by Ge et al. 42% of studies used albumin < 35 g/L as the cutoff, while only 17% used < 40 g/L (37). Additionally, most studies using < 35 g/L involve patients either pre- or post-surgery (38, 39), whereas our cohort comprises long-term survivors with a median total survival time of 72.0 months (36.5, 111.5 months). Given the extended survival time of our patients, using a less stringent cutoff of < 40 g/L is more reasonable to accurately reflect their nutritional status. Conversely, PNI < 45 is considered a relatively higher threshold for diagnosing high risk of malnutrition. A meta-analysis revealed that the predominant PNI cutoff was above 45, employed in 50% of research, whereas a cutoff of 45 was utilized in just 22%, suggesting that < 45 represents a more stringent criterion (36). It was surprising that the low threshold for albumin combined with the higher threshold for PNI resulted in a much larger proportion of patients being classified as high risk of malnourish according to PNI criteria. This discrepancy may be due to the inclusion of lymphocyte count in PNI calculation, as lymphedema is a chronic inflammatory condition that can affect lymphocyte levels (40).

Univariate and multivariate regression analyses demonstrated that low hemoglobin levels (OR = 1.05, 95% CI: 1.02–1.08, P < 0.01) and ISL stage 3 (OR = 0.18, 95% CI: 0.03–0.99, P < 0.05) were associated with low albumin, while only low hemoglobin (OR = 1.09, 95% CI: 1.04–1.13, P < 0.001) was associated with low PNI. The association between low hemoglobin and low albumin is expected, as hemoglobin is another nutrition index closely related to albumin (41). Low hemoglobin levels indicate anemia, which often coincides with poor nutritional status. This relationship is well-documented in gynecologic cancer research, where anemia frequently accompanies malnutrition and inflammation (42). This finding is consistent with research by Wang et al. which highlights the correlation between hemoglobin and nutritional deficiencies, reinforcing this link (26). The link between ISL stage 3 and low albumin suggests that advanced lymphedema, as a chronic inflammatory condition, exacerbates nutritional deficiencies. This association analysis is also consistent with previous findings by Mukai et al. which demonstrated that chronic inflammation negatively impacts nutritional status and leads to lower albumin levels (43).

Although it is well known that low albumin levels and PNI scores serve as prognostic predictors for overall survival rates, studies focusing on cancer survivors with LLL are rare. Considering that the cohort of this study consists of long-term cancer survivors, it is important to note that lymphedema itself can influence albumin levels and PNI scores. The chronic inflammation associated with LLL may exacerbate nutritional deficiencies, making it unclear how albumin levels and PNI scores will impact overall survival rates in this specific cohort. Therefore, while low albumin and PNI are established markers for poor prognosis in general cancer populations, their prognostic value in long-term cancer survivors with LLL remains uncertain and warrants further investigation. Future studies should aim to elucidate the specific impact of these nutritional markers on the survival outcomes of this unique patient population.

Our findings have important clinical implications. Given the high prevalence of low albumin and PNI among gynecologic cancer survivors with LLL, regular nutritional assessments should be integrated into their care plans. Interventions aimed at improving nutritional status, such as dietary modifications and nutritional supplementation, could help mitigate the adverse effects of malnutrition and improve overall prognosis and quality of life.



Study limitations

While this study provides valuable insights into the nutritional status of gynecologic cancer survivors with LLL, several limitations must be acknowledged. First, the retrospective design introduces potential selection bias, as patient data were collected from only two medical centers, which may limit the generalizability of the findings. The study population was limited to Chinese gynecologic cancer survivors, and the results may not be fully applicable to other populations with different ethnic, geographic, or clinical characteristics.

Additionally, the reliance on serum albumin and PNI as primary markers of nutritional status may not capture the full spectrum of nutritional deficiencies, particularly in patients with complex cancer-related conditions. Serum albumin can be influenced by factors unrelated to nutrition, such as inflammation or liver function, which could confound the associations observed in this study.

Future studies should aim to validate these findings across larger, more diverse populations to enhance the generalizability of the results. Moreover, research should focus on assessing the efficacy of targeted nutritional interventions, such as dietary modifications and nutritional supplementation, in improving clinical outcomes for gynecologic cancer survivors with LLL. Longitudinal studies are also needed to clarify the long-term effects of nutritional status on patient prognosis, quality of life, and survival rates in this vulnerable population.



Conclusions

This study highlights the significant prevalence of high risk of malnutrition among Chinese gynecologic cancer survivors with LLL, underscoring the need for regular nutritional assessments and interventions. Addressing the nutritional challenges faced by this vulnerable patient population can help improve their overall prognosis and quality of life.
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Background: Hypoalbuminemia is a common complication in patients with chronic kidney disease (CKD) and is associated with various adverse clinical events. Currently, there are few studies focused on identifying risk factors and constructing models for hypoalbuminemia in patients with CKD stages 3 and 4. This study aims to identify independent risk factors for hypoalbuminemia in patients with CKD stages 3 and 4 and construct a nomogram for predicting the risk of hypoalbuminemia in these patients.
Methods: A total of 237 patients with CKD stages 3 and 4 treated at Anning First People’s Hospital from January to December 2023 were included. Univariate and bidirectional stepwise multivariate logistic regression analyses were used to identify independent risk factors for hypoalbuminemia in these patients. Based on the results of logistic regression analyses, a nomogram was constructed. The model performance was assessed using area under the receiver operator characteristic curve, calibration curves, and decision curve analysis.
Results: Hemoglobin, red blood cells, serum sodium, and serum calcium were identified as independent risk factors for hypoalbuminemia in these patients. The contributions of each independent risk factor to hypoalbuminemia were visualized in a nomogram. The area under the receiver operator characteristic curve of the model was 0.819, indicating good discrimination. The calibration curves showed good agreement between predicted and observed outcomes. The decision curve analysis also verified that the model had the good clinical utility.
Conclusion: Hemoglobin, red blood cells, serum sodium, and serum calcium were identified as independent risk factors of hypoalbuminemia in patients with CKD stages 3 and 4. The nomogram exhibits good discrimination, calibration, and clinical utility, offering a reliable tool for the early prediction and identification of hypoalbuminemia in these patients.
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1 Introduction

Hypoalbuminemia is a common complication among patients with chronic kidney disease (CKD), characterized by plasma total protein levels below 60 g/L or albumin levels below 35 g/L. The mechanisms underlying hypoalbuminemia in patients with CKD are not fully understood, and multiple factors such as inadequate protein intake, protein synthesis disorders, excessive protein loss, inflammatory responses, and protein loss during dialysis contribute to its occurrence (1–3). Hypoalbuminemia is not only closely associated with malnutrition, chronic inflammation, cardiovascular diseases, and infections in patients with CKD (1, 4–6), but is also considered a predictor for the initiation of hemodialysis in patients with CKD (7). Additionally, hypoalbuminemia is recognized as a strong predictor of all-cause mortality in these patients (8). Furthermore, hypoalbuminemia and its accompanying proinflammatory state play significant roles in various diseases, not merely confined to CKD. In recent years, with the deepening of medical research, an increasing amount of evidence has emerged indicating that hypoalbuminemia and its associated proinflammatory state extensively participate in and influence the occurrence, development, and outcome of multiple diseases (9, 10). For instance, in oncology, factors such as the levels of inflammatory markers (including albumin and fibrinogen) have been confirmed as independent predictors of poor prognosis in cancer patients (9). Therefore, prediction of hypoalbuminemia in patients with CKD stages 3 and 4 can help clinicians identify and intervene in the early occurrence of hypoalbuminemia, reduce the incidence of related complications, improve the quality of life, lower the readmission rate and mortality, and delay the progression to end-stage renal disease.

In the process of establishing prediction models, most current studies typically discuss hypoalbuminemia only as a disease marker or a risk factor, such as a marker of intrinsic liver function deterioration or a strong predictor of early mortality after infective endocarditis surgery (11, 12). However, few studies have investigated hypoalbuminemia as an independent predictive outcome. Additionally, due to the complexity of clinically predicting hypoalbuminemia, there are no effective predictive tools for accurately, intuitively, and conveniently predicting hypoalbuminemia in patients with CKD stages 3 and 4.

Based on the above, we identified risk factors that may influence the occurrence of from commonly accessible hospital data. Through binary logistic regression analysis, we screened for independent risk factors that contribute to hypoalbuminemia in patients with CKD stages 3 and 4. Subsequently, we visualized the results of the logistic regression analysis to construct a nomogram for predicting hypoalbuminemia risk in these patients, providing a reliable, convenient and universally applicable tool for clinical prediction, identification and intervention.

Nomogram is a predictive tool that visualize the results of binary logistic regression models, graphically representing the probability of clinical events. Recently, nomograms have been widely used for predicting the occurrence, development, prognosis, and survival of diseases (13).



2 Materials and methods


2.1 Study design and participants

A retrospective analysis was conducted on clinical data of patients with CKD stages 3 and 4 admitted to Anning First People’s Hospital from January 2023 to December 2023. The inclusion criteria were: age > 18 years, diagnosis of CKD stages 3 and 4 according to the Kidney Disease: Improving Global Outcomes 2024 Clinical Practice Guidelines for the Evaluation and Management of Chronic Kidney Disease (14) and complete clinical data. The exclusion criteria were: incomplete clinical data, pregnancy, severe infections, severe acid–base imbalance or electrolyte disturbances and concomitant malignant tumors or other severe diseases. Based on these criteria, a total of 237 patients were included in the study. This study is a retrospective analysis focusing on patients with CKD stages 3 and 4. All information was collected from the electronic medical record system of Anning First People’s Hospital. Any data obtained about the study participants will be de-identified and kept strictly confidential, and it will be used solely for the purposes of this study. Public reports regarding the results of this research will not disclose any personal identifying information. This study has been approved by the Medical Ethics Committee of Anning First People’s Hospital (approval number: 2024-040). Due to the non-invasive and anonymous nature of retrospective studies, the authors have signed a waiver of informed consent.



2.2 Demographic and laboratory measurements

Demographic and clinical data collected included: age, sex, body mass index, chronic kidney disease staging (stages 3 and 4), hypertension, diabetes, cardiovascular disease, cerebrovascular disease, smoking, and drinking status. Laboratory biochemical indices included: hemoglobin (g/L), red blood cells (10^12/L), aspartate aminotransferase (U/L), alanine aminotransferase (U/L), alkaline phosphatase (U/L), total cholesterol (mmol/L), high-density lipoprotein cholesterol (mmol/L), low-density lipoprotein cholesterol (mmol/L), triglycerides (mmol/L), serum creatinine (μmol/L), blood urea nitrogen (mmol/L), serum uric acid (μmol/L), N-terminal pro-B-type natriuretic peptide (pg/ml), serum sodium (mmol/L), serum potassium (mmol/L), serum chloride (mmol/L), serum calcium (mmol/L), serum phosphorus (mmol/L), proteinuria, and carbon dioxide binding capacity (mmol/L).



2.3 Statistical analysis

All data were statistically analyzed using R software version 4.22. The normality of continuous variables was tested using the Shapiro–Wilk test. Continuous variables that followed a normal distribution were expressed as mean ± standard deviation and compared between groups using the t-test. Non-normally distributed continuous variables were expressed as median and interquartile range (IQR) and compared using the Mann–Whitney U test. Categorical variables were presented as counts (percentages) and compared using the chi-square test. Univariate logistic regression analysis was conducted for all variables, and those with p < 0.05 were included in a bidirectional stepwise multivariate logistic regression to identify independent risk factors for hypoalbuminemia in patients with CKD stages 3 and 4. The bidirectional stepwise multivariate logistic regression combines the advantages of both forward stepwise regression and backward stepwise regression, enabling automatic selection of variables that have significant impacts on the results during the modeling process while eliminating unimportant variables. This helps reduce the complexity of the model and improve its interpretability and generalization ability. The bidirectional stepwise multivariate logistic regression ensures that only variables with significant impacts on the results are included in the final model, thereby enhancing the interpretability of the model. The strength of prediction was quantified using odds ratios (OR) and confidence intervals (CI). Based on the multivariate logistic regression results, a nomogram was constructed using the rms package in R software. The discrimination of the model was assessed using the area under the receiver operator characteristic curve (AUC) calculated by the pROC package and visualized via receiver operator characteristic curve (ROC). Internal validation was performed with 1,000 bootstrap resamples to construct calibration curves, evaluating the calibration of the model. The clinical net benefit of the model was assessed using the rmda package to plot decision curve analysis (DCA), thus evaluating its clinical utility.




3 Results


3.1 Baseline characteristics

Based on the inclusion and exclusion criteria, a total of 237 patients were included in our study (Figure 1), comprising 153 males and 84 females with a median age of 72 years (IQR: 60–80). According to the diagnostic criteria for hypoalbuminemia, the patients were divided into the hypoalbuminemia group (n = 65, 42 males and 23 females, median age 72 years [IQR: 66–79]) and the non-hypoalbuminemia group (n = 172, 111 males and 61 females, median age 71.5 years [IQR: 57.75–80]). Detailed clinical and laboratory data for both groups are presented in Table 1. Significant differences (p < 0.05) were observed between the two groups in body mass index, chronic kidney disease staging, proteinuria, red blood cell, hemoglobin, serum creatinine, N-terminal pro-B-type natriuretic peptide, blood urea nitrogen, serum sodium, and serum calcium.

[image: Flowchart showing the categorization of patients diagnosed with CKD stage 3 and 4. Total patients: 634. Excluded: 397 (incomplete data: 113, pregnancy: 0, other ineligible conditions: 284). Eligible cases: 237, divided into hypoalbuminemia: 172 and non-hypoalbuminemia: 65.]

FIGURE 1
 Flowchart of study inclusion.




TABLE 1 General information and clinical characteristics of participants.
[image: A table comparing clinical and laboratory characteristics of patients with and without hypoalbuminemia. It includes variables such as age, sex, BMI, chronic kidney disease staging, hypertension, diabetes, smoking, and laboratory measurements like hemoglobin, ALT, AST, ALP, and more. Each variable is shown with statistics, including mean or median values, standard deviation, Z-scores, chi-square values, and P-values, indicating significance levels.]



3.2 Logistic regression analyses

Univariate and bidirectional stepwise multivariate logistic regression analyses identified red blood cell (OR = 2.00, 95%CI: 0.78–5.12, p = 0.1473), hemoglobin (OR = 0.96, 95% CI: 0.93–0.99, p = 0.0169), serum sodium (OR = 0.93, 95% CI: 0.87–0.99, p = 0.0498), and serum calcium (OR = 0.0035, 95% CI: 0.0003–0.0433, p < 0.0001) as independent risk factors for hypoalbuminemia inpatients with CKD stages 3 and 4 (Table 2). Based on these independent risk factors, a nomogram for predicting the risk of hypoalbuminemia inpatients with CKD stages 3 and 4 was constructed (Figure 2). The contribution of each independent risk factor to the development of hypoalbuminemia was scored, and the total prediction score was obtained by summing these scores. The total prediction score corresponded to the predicted probability of hypoalbuminemia in patients with CKD stages 3 and 4.



TABLE 2 Univariate and multivariate logistic regression analysis in participants.
[image: Table displaying results from univariate and multivariate analyses of various variables related to chronic kidney disease. Variables include age, sex, BMI, hypertension, diabetes, and more. Odds ratios and p-values are shown for each analysis, highlighting significant associations, such as between BMI and chronic kidney disease staging, hemoglobin in multivariate analysis, and proteinuria with p-values under 0.05.]

[image: Nomogram showing numerical scales for sodium, RBC (red blood cells), calcium, and HGB (hemoglobin), each with corresponding distributions. Total points at the bottom links a cumulative score of 187 to a probability of 0.204. Red markers highlight specific values on each scale.]

FIGURE 2
 The nomogram for hypoalbuminemia prediction in patients with CKD stages 3 and 4. We could use this nomogram to predict the risk of hypoalbuminemia in patients with chronic kidney disease stages 3 and 4. For example, as shown in this image, if a patient with chronic kidney disease stage 3 or stage 4 has hemoglobin of 3.55 g/L, red blood cells of 10^12/L, serum sodium of 141 mmol/L, and serum calcium of 2.32 mmol/L, then the scores for each individual risk factor would be approximately 42, 56, 47, and 42, respectively. The total score would be around 187, corresponding to an approximate 20.4% probability of developing hypoalbuminemia. HGB, hemoglobin; RBC, red blood cells; sodium, serum sodium; calcium, serum calcium.




3.3 Model performance and validation

The ROC curve of the model showed good discrimination with an AUC of 0.819 (95% CI: 0.757–0.880) (Figure 3). Internal validation with 1,000 bootstrap resamples and calibration curves analysis indicated good agreement between the predicted and observed outcomes, demonstrating good calibration of the model (Figure 4). The decision curve analysis showed net clinical benefits across a wide range of threshold probabilities, indicating high clinical utility of the model (Figure 5).

[image: Receiver Operating Characteristic (ROC) curve graph depicting a red line indicating sensitivity versus one minus specificity. The area under the curve is 0.819, demonstrating the model's performance above the diagonal reference line.]

FIGURE 3
 The ROC of the models. Area under the ROC was 0.819. ROC, receiver operator characteristic curve.


[image: Calibration curve graph showing observed probability versus predicted probability. The ideal line is dashed, the apparent line is red, and the bias-corrected line is green. All lines closely follow the diagonal, indicating good model calibration.]

FIGURE 4
 The calibration curves of the model. The clinical utility of the model was demonstrated by the calibration curves with the bootstrap (B = 1,000) technique. The calibration curves showed good agreement between the predicted and observed outcomes.


[image: Line chart showing net benefit versus high risk threshold. The red line represents the model, the diagonal line represents treating all, and the horizontal line represents treating none. The model line shows a varying benefit, peaking at 0.3.]

FIGURE 5
 The decision curve analysis of the model. With a wide range of threshold probabilities, the model indicated high clinical utility.





4 Discussion

According to the result of our logistic regression analyses, hemoglobin, red blood cells, serum sodium, and serum calcium were identified as independent risk factors. Our study also developed a nomogram to predict the risk of hypoalbuminemia in patients with CKD stages 3 and 4. Our validation showed that the nomogram had good performance and clinical utility.

Hemoglobin serve as crucial indicators reflecting the risk of hypoalbuminemia occurrence, with malnutrition being a common manifestation in affected patients (4) and previous studies have indicated the use of hemoglobin as a criterion for assessing malnutrition (15). Therefore, hemoglobin levels are important indicators reflecting the risk of hypoalbuminemia occurrence. Clinically, close attention to hemoglobin levels and variability in patients with CKD is necessary. Handelman found that when hemoglobin levels in patients with CKD fall below the target range (11–12.5 g/dL), there is an increase in hospitalization and mortality rates (16). Moreover, the fluctuation in hemoglobin levels in patients with CKD is directly proportional to the occurrence of adverse clinical events (17). Recommendations from The National Institute for Health and Clinical Excellence and The Trial to Reduce Cardiovascular Events with Aranesp Therapy study suggest maintaining hemoglobin levels in patients with CKD between 110 and 120 g/L to reduce cardiovascular events and mortality risk (18, 19). It is not only essential to avoid low hemoglobin levels but also to prevent hemoglobin variability. Strategies such as the use of erythropoietin, iron supplementation, blood transfusions, and enhancing nutritional intake can improve low hemoglobin levels in patients with CKD (20–22). However, maintaining hemoglobin levels within a reasonable and stable range while avoiding hemoglobin variability remains a significant challenge in clinical practice due to various complex factors affecting hemoglobin levels in patients with CKD, such as inflammation, blood loss, and inadequate protein intake.

Red blood cells are also identified as independent risk factors for hypoalbuminemia in patients with CKD stages 3 and 4. Firstly, similar to hemoglobin, malnutrition, one of the manifestations of hypoalbuminemia, can affect red blood cell levels (23). Secondly, factors such as toxin accumulation, shortened red blood cell lifespan, and insufficient erythropoietin secretion due to CKD-related reasons suggest a close relationship between red blood cell levels and hypoalbuminemia and kidney disease progression in patients with CKD (24). Additionally, Zhang-Zhe Peng’s study has shown that elevated levels of red blood cell markers such as adenosine monophosphate-activated protein kinase, 2,3-biphosphoglycerate, and 50% of hemoglobin binding to oxygen may play compensatory roles, promoting renal tissue oxygenation, reducing tissue damage, and delaying CKD progression (25). Therefore, close monitoring of red blood cell levels in patients with CKD is essential in clinical practice.

Lower serum sodium levels in patients with CKD stages 3 and 4 are associated with a higher risk of hypoalbuminemia. Studies have indicated that hyponatremia may be a marker of protein-energy wasting and low solute intake (26, 27), which is consistent with our results. Patients with CKD are prone to hyponatremia due to impaired sodium reabsorption in the kidneys and the use of diuretics (28). Hyponatremia can lead to imbalance, decreased bone density, increased risk of fractures, and toxicity to the brain, heart, and muscular systems (29–33). Additionally, low serum sodium levels may increase the risk of infections (34). Although some studies have suggested a higher risk of mortality with lower serum sodium levels and a lower risk with higher serum sodium levels (26), considering the long-term effects of serum sodium level changes over time, both lower and higher serum sodium levels (<138 and ≥ 144 mEq/L, respectively) are associated with increased mortality risk (35). Therefore, maintaining stable serum sodium levels in patients with CKD is crucial to prevent hypoalbuminemia, further deterioration of kidney function, and other adverse events. Close monitoring of serum sodium levels in patients with CKD in clinical practice, early prediction, and prevention of serum sodium abnormalities, and timely intervention and correction for patients with CKD with serum sodium abnormalities are necessary to avoid other adverse events.

Hypocalcemia often accompanies hypoalbuminemia because the total serum calcium concentration is the sum of ionized calcium and calcium bound to albumin (36). When albumin levels decrease, it affects calcium binding, resulting in decreased serum calcium levels. Therefore, when serum calcium levels decrease, hypoalbuminemia may occur. On the other hand, factors such as decreased synthesis of 1,25-hydroxyvitamin D in patients with CKD, hyperphosphatemia, and gastrointestinal lesions can lead to hypocalcemia (37–39). Studies have shown that hypocalcemia is associated with osteoporosis, cardiovascular events, and increased mortality rates in patients with CKD (40, 41). Additionally, according to a study by Chang-Seong Kim et al., serum calcium levels in patients with CKD are closely related to their estimated glomerular filtration rate levels (42). Another study, including African American and Hispanic participants in the Chronic Renal Insufficiency Cohort, showed that hypocalcemia is one of the complications of patients with estimated glomerular filtration rate < 20 mL/min/1.73m2 (43), indicating a close relationship between hypocalcemia and CKD progression. In clinical practice, more attention should be paid to serum calcium levels in patients with CKD stages 3 and 4 to maintain stable serum calcium levels, reduce the occurrence of adverse clinical events, and delay further deterioration of kidney function.

This study has several limitations. Firstly, the dataset used in this study is relatively small. Although model validation showed good performance, more data are still needed to train and validate the model further, our main task next will be to seek higher-quality research participants with a larger sample size, in order to reduce the potential interference of objective data factors and further explore its effectiveness in practical applications. Secondly, due to the source of the dataset, some potentially relevant risk factors were not collected. Although we have included known confounding factors in our analysis based on previous research literature, other unidentified factors may also impact our outcomes. However, we will actively work to improve and supplement additional information that may be related to hypoalbuminemia, aiming to provide more precise guidance for clinical treatment. Finally, this study is a single-center retrospective study, lacking external validation and prospective results to provide guiding information. In future research, one of our directions will be to conduct multicenter external validation based on large-sample real-world data or more comprehensive databases, to further expand the data and validate the model performance.

In conclusion, through univariate and bidirectional stepwise multivariate logistic regression analysis, we identified hemoglobin, red blood cells, serum sodium, and serum calcium as four independent risk factors for hypoalbuminemia in patients with CKD stages 3 and 4. Based on the logistic regression results, a nomogram was constructed. The model, validated with good discrimination, calibration, and clinical utility, can provide a reliable, convenient and universally applicable tool for early identification and intervention of hypoalbuminemia in patients with CKD stages 3 and 4. Therefore, for all patients in hypoalbuminemia with CKD stages 3 and 4, hemoglobin, red blood cell count, serum sodium, and serum calcium should be included as routine tests. Subsequently, the pre-established nomogram could be utilized to rapidly assess their risk of hypoalbuminemia, enabling early risk identification. For patients who have already exhibited abnormalities in any one or more of these indicators, the monitoring frequency should be increased, with regular rechecks of these parameters. The nomogram should also be employed for dynamic risk assessment, allowing for swift reactions to changes in disease status or adjustments to treatment plans. Furthermore, clinicians can tailor intervention plans based on the nomogram assessment results, in conjunction with the patient’s individual circumstances, to minimize the risk of hypoalbuminemia and enhance the overall health status of these patients.
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Introduction: Malnutrition remains common in adults over 60 years old. Although there are screening and diagnostic tools for malnutrition, there is no globally used approach to diagnosing malnutrition in older adults admitted to the hospital. In this study, we verified the agreement between the Global Leadership Initiative on Malnutrition (GLIM) and the Mini Nutritional Assessment (MNA) and the ability of the instruments to identify frailty and sarcopenia associated with malnutrition.
Methods: For adults over 60 years old, malnutrition diagnosis was performed using the Mini Nutritional Assessment Full Form (MNA-FF) tool and the GLIM criteria, which included calf circumference and fat-free mass index to assess muscle mass, with and without the Mini Nutritional Assessment Short Form (MNA-SF) screening. Health conditions were assessed in older adults, and the association of these conditions with malnutrition was analyzed using both tools.
Results: A total of 432 adults over 60 years old were investigated with a mean age of 71.14 ± 8 years. The GLIM criteria with the nutritional screening tool identified 61–63% of older adults as malnourished. Of these, 63–64% were severely malnourished. The MNA-FF tool classified 20% of those assessed as malnourished. The agreement between the MNA-FF and GLIM was better with the use of screening, with a kappa (K) value of −0.10 and − 0.11. Sarcopenia was associated with malnutrition as identified by the MNA-FF (OR: 3.08, 95% CI: 1.84–5.14) and only by the GLIM ANTHRO (OR: 1.66, 95% CI: 1.05–2.63). Frailty was associated with the MNA-FF (OR: 15.99, 95% CI: 2.16–118.36), GLIM ANTHRO (OR: 2.21, 95% CI: 1.31–3.71), and GLIM BIA (OR: 2.45, 95% CI: 1.45–4.12).
Conclusion: It is possible to verify that divergent conceptual frameworks are used to understand malnutrition by the MNA-FF and GLIM and that the GLIM obtained a greater number of malnutrition diagnoses. Both the GLIM ANTHRO and the MNA-FF associated malnutrition with frailty and sarcopenia, with higher hazard ratios for the MNA-FF.
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1 Introduction

Malnutrition remains common in older populations around the world. Current estimates indicate that around a quarter of older adults (65 years and older) are malnourished or at risk of malnutrition (1). This number is likely to increase along with the rapid increase in the aging population. The United Nations (UN) predicts that, between 2019 and 2050, the population aged 65 and older will double in many regions (2). To reduce malnutrition in older populations, a timely and concerted effort is needed to prioritize, prevent, recognize, and adequately manage malnutrition in this age group (3).

There are no simple and unequivocal criteria to diagnose malnutrition mainly those associated with nutritional and clinical conditions with high specificity and sensitivity (4). The Mini Nutritional Assessment (MNA) is considered one of the most validated tools for identifying malnutrition or risk of malnutrition in older adults (5, 6). However, the Mini Nutritional Assessment Full Form (MNA-FF) has disadvantages, including subjective questions that are not appropriate for older adults who are hospitalized, difficulty in administering it to older adults with cognitive impairment, and a completion time of 10 to 15 min (7). Even so, it is validated as a good nutritional screening tool (8). Thus, various tools have been applied to quickly identify malnutrition in hospitalized older adults, each with its own strengths and weaknesses (7).

The Global Leadership Initiative on Malnutrition (GLIM) published a proposal to facilitate malnutrition diagnoses with more specific and objective criteria in an approach that begins with nutritional risk screening followed by two steps, one of which consists of a more in-depth assessment to diagnose malnutrition. GLIM consists of three phenotypic criteria (reduced body mass index (BMI), unintentional weight loss, and reduced muscle mass) and two etiological criteria (reduced dietary intake/impaired nutrient assimilation and inflammation or disease burden). The presence of at least one of each type of criterion contributes to establishing a malnutrition diagnosis, and phenotypic criteria can be used to classify severity (4).

Clinical practice will benefit from a validated nutritional assessment instrument in adults over 60 years of age admitted to the hospital. Thus, this research aimed to verify the malnutrition diagnosis agreement using the GLIM criteria compared to the MNA-FF in adults over 60 years of age admitted to the hospital, checking which of the two tools is best associated with the clinical conditions presented by adults.



2 Materials and methods


2.1 Participants

Participants in this study, aged 60 years or older, were recruited from a university hospital and admitted to the geriatric or medical clinic. They were included based on specific criteria: both genders, age 60 or over, with appropriate physical and clinical conditions as per the data collected from their medical records, and the ability to answer the required questions. Exclusion criteria included: bedridden individuals, which made anthropometric assessment (weight and height) impossible; the presence of edema in the extremities, anasarca, or ascites that could lead to weight overestimation; limb amputations; individuals ineligible for disease-modifying therapies based on their medical records; those with spinal cord injuries or compression; individuals with pacemakers, heart valves, or metal prostheses; corticotherapy treatment; individuals with severe liver or kidney disease; and individuals with consumptive syndromes. This study was conducted between June 2021 and June 2023. The surveys were carried out by the research team duly trained within 48 h after hospital admission and other information came from hospital records. The study was carried out in accordance with the ethical guidelines for human research, and informed consent was obtained from all participants. The study was approved by the Ethics Committee (REC Protocol Approval 4.949.371/September/2021) and steered under the Declaration of Helsinki.



2.2 Anthropometry—ANTHRO

Body weight and height were measured or estimated (9, 10), and arm circumference (AC), calf circumference (CC) (11), and body mass index (BMI) were calculated. For handgrip strength, a hydraulic hand dynamometer was used, and the maximum value of three measurements of the dominant hand was used (12).



2.3 Electrical bioimpedance and body composition

Bioelectrical impedance analysis (BIA) was carried out using Sanny® equipment, specifically the tetrapolar BioSanny4 1,010 model. All measurements were performed under standardized conditions in accordance with the manufacturer’s protocol. The calculations were made using regression equations (13, 14) incorporated into the BIA software. Fat mass (FM), skeletal muscle mass (SMM), and fat-free mass (FFM) were assessed, with FFM being the final measure used to calculate the fat-free mass index (FFMI).



2.4 GLIM approach

In step 0 of the GLIM approach, the Mini Nutritional Assessment Short Form (MNA-SF) screening tool was used to screen the risk of malnutrition. The MNA is divided into screening and global assessment, and both parts were used in the research (15). Recent unintentional weight loss and reduced food intake were self-reported.

For stages 1 and 2 of the GLIM, which involve diagnosing and classifying the severity of malnutrition, all the GLIM criteria were applied (4). For step 1, phenotypic criteria, the BMI was categorized into moderately low, if BMI <20 kg/m2 (<22 if over 70 years old), and severely low, if BMI <18.5 kg /m2 (<20 if over 70 years old). For weight loss in the last 6 months, a cutoff point of 10% was used. Low body muscle mass, as measured by BIA, was defined as a FFMI (FFM (kg)/height (m2)) <15 kg/m2 for women and < 17 kg/m2 for men, indicating moderate malnutrition, according to the FFM cutoff values (12, 16). No additional FFMI cutoffs were used to define severe malnutrition as this is not specified in the original GLIM publication (4).

For the etiological criteria assessing participants’ disease/inflammation burden, the following were considered: acute disease, acute chronic disease, infection, or injury, all of which are generally associated with inflammatory activity. This criterion was supported by C-reactive protein (CRP) assessment (> 5 mg/L, when the contribution of inflammatory components was uncertain) (17, 18). The other etiological criteria were obtained through interviews, and malabsorptive intestinal conditions were collected from the patients’ medical records. For step 2 of the GLIM process, malnutrition severity was categorized as moderate by BMI and/or weight loss of 5 to 10% and/or reduced FFMI (19), using cutoff points CC < 33 cm for women and < 34 cm for men [21]. Participants were classified as severely malnourished by BMI and/or weight loss >10% [4] and/or CC < 31 cm for women and < 32 cm for men (20).



2.5 Mini nutritional assessment (MNA)

To assess the risk of malnutrition and the presence of malnutrition, MNA, (15) was applied. Isolated screening was used in the initial part of the GLIM tool. It consists of six items pertaining to food intake, involuntary weight loss, mobility, acute disease or psychological stress, neuropsychological problems, and BMI. A score of 12 or greater indicates that the individual was well nourished and needs no further intervention. A score of 8 to 11 indicates that the person was at risk of malnutrition, and a score of 7 or less indicates that the individual was malnourished. The complete MNA-FF was also used for nutritional diagnosis, as it is considered the gold standard for older adults. The first part of MNA-SF (short form) comprises six questions. The second part consists of 12 questions with a maximum score of 16 points. At the end, the scores were added, and patients were classified as having normal nutritional status (score > 23.5), and at risk of malnutrition (score 17–23.5) or malnourished (score < 17).



2.6 Sarcopenia

Sarcopenia diagnosis was conducted according to the algorithm suggested in the European consensus on sarcopenia. Individuals at risk of sarcopenia were assessed using the SARC-F muscular strength assessment via dynamometry. If the measured strength was reduced (< 27 KgF for men and < 16 KgF for women), the test result was considered positive for probable sarcopenia, indicating the need for further confirmation of low muscle quantity and quality (21). This was carried out using BIA appendicular skeletal muscle mass (ASMM) values, being considered reduced if <20 kg for men and < 15 kg for women, resulting in a positive diagnosis for sarcopenia (12).



2.7 Frailty

Frailty syndrome was screened using the self-referred frailty instrument developed by Nunes et al. (2015) (22). Participants were classified as frail if they exhibited three or more of the five components, pre-frail with one or two components present, and not frail if none of the components were met.



2.8 Statistical analysis

For statistical analysis, the Statistical Package for the Social Sciences (SPSS) version 21.0 (SPSS Inc., Chicago, IL, USA) was used. The Kolmogorov–Smirnov test was used for continuous variables. Student’s t-test was then applied to continuous data with normal distribution. For categorical variables, the chi-square test was performed. When expected cell values were less than 5, Fisher’s exact test was considered. Pearson’s correlation was used for normal distribution.

The statistical analyses recommended by Van Der Schueren were used to validate the GLIM criteria (23), using individuals with any combination of phenotypic and etiological criteria. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) they were calculated using the association of the MNA-SF screening instrument with the other GLIM criteria versus MNA-FF. Sensitivity and specificity of >80% were interpreted as acceptable for malnutrition diagnosis, and agreement between instruments was calculated using Cohen’s kappa. The level of agreement was interpreted as almost perfect if Cohen’s kappa (k) was >0.91, strong if k = 0.81–0.90, moderate if k = 0.60–0.80, weak if k = 0.40–0.59, and minimum if k < 0.40. Binomial logistic regression analysis was performed to assess relationships between sarcopenia, frailty, and malnourished by MNA-FF, GLIM ANTHRO, and GLIM BIA. Adjustments were made in adjustment for sex and age. The results were expressed with odds ratios (ORs) and 95% confidence intervals (95%CIs). The results that presented a significance level lower than 0.05 were considered significant.




3 Results

A total of 432 individuals aged 60 or over were eligible, and their sociodemographic, clinical, and anthropometric characteristics are described in Table 1. The results of the total GLIM process are reported in Figure 1. Using MNA-SF as a screening tool in step 0, 81% were observed to be at risk of malnutrition. Depending on the methodology in step 1, it was observed that 36–37% of participants were categorized as mildly/moderately malnourished, and 63–64% of participants were categorized as severely malnourished. Meanwhile, MNA-FF found only 20% malnourished. When applying GLIM independent of screening, the proportion of malnourished adults over 60 years old was higher for step 1 and lower than GLIM with screening only for severe malnutrition.



TABLE 1 Characterization and association of sociodemographic, clinical, and anthropometric variables with malnutrition using GLIM ANTHRO.
[image: Table displaying demographic and clinical data for 432 subjects divided by sex. It includes age, sex percentage, admission diagnoses, dysphagia presence, anthropometry, and body composition metrics. Admission diagnosis with respiratory diseases is most common. Statistically significant diagnoses include neurological disease (p=0.005). Dysphagia is present in 13.9% of subjects. The table also lists mean values and standard deviations for anthropometric and body composition measurements. Data comparison between men and women is included, with associated p-values.]

[image: Flowchart illustrating the screening and diagnosis of malnutrition in 432 individuals. It involves two main pathways: GLIM and MNA-SF. Under GLIM, 67% anthro with 39% mild/moderate and 61% severe, and 65% BIA with 40% mild/moderate and 60% severe. Under MNA-SF, 20% are malnourished. Subsequent GLIM shows 63% anthro with 36% mild/moderate and 64% severe, and 61% BIA with 37% mild/moderate and 63% severe. Steps include screening, diagnosis, and severity assessment.]

FIGURE 1
 Steps of malnutrition diagnosis by GLIM and MNA. GLIM, global leadership initiative on malnutrition; MNA-SF, mini nutritional assessment short form; ANTHRO, anthropometry; BIA: bioelectrical impedance analysis.


Data relating to the GLIM criterion in steps 1 and 2 (without applying step 0) demonstrated that by anthropometry, 67% of the assessed population was diagnosed as malnourished. Of these, 39% were moderately malnourished, and 61% were severely malnourished.

Using bioelectrical impedance, the occurrence of 65% of malnutrition was found. Of these, 40% were moderately malnourished and 60% severely malnourished. Weight loss and reduced food intake were the most frequent combination that led to malnutrition diagnosis, followed by weight loss and inflammation for both GLIM methodologies. The combination of low BMI and inflammation was also the least common for both methods according to Table 2.



TABLE 2 Results of GLIM steps 1 and 2 without nutritional screening.
[image: Table showing two-step malnutrition diagnosis and severity criteria according to GLIM standards. Step 1 includes combinations of malnutrition indicators, with GLIM Anthro and GLIM BIA values given in numbers and percentages. Step 2 measures mild and severe malnutrition, with various diagnostic indicators such as BMI, weight loss, FFMI and CC reductions. The total number of assessments is 432.]

The agreement between the GLIM criteria, both with and without screening, and MNA-FF is presented in Table 3. The GLIM process identified more individuals than the MNA-FF for both GLIM ANTHRO and GLIM BIA. When considering the MNA-FF as a reference method, GLIM sensitivity reached acceptable levels, with and without screening, regardless of the methodology. However, specificity was significantly reduced, though it increased slightly when screening tools were employed compared to GLIM without screening. The agreement between the MNA-FF and GLIM ANTHRO criteria with screening was minimal (kappa −0.11) as well as using the GLIM BIA with screening (kappa −0.11), and those without screening obtained a kappa of −0.10 for GLIM ANTHRO and kappa of −0.10 for GLIM BIA. NPV was acceptable for both GLIM methodologies with and without screening, increasing with the use of screening, indicating that GLIM had a high probability of assessing individuals as not malnourished and that they actually did not have a malnutrition diagnosis, unlike PPV.



TABLE 3 Agreement in malnutrition diagnosis by MNA and GLIM ANTHRO/BIA.
[image: Table comparing malnutrition screening methods. The upper table shows "GLIM ANTHRO" data: without screening, sensitivity is ninety-two percent, specificity is 39.1 percent, Kappa is -0.108. With MNA-SF, specificity is 44.3 percent, Kappa is -0.117. The lower table shows "GLIM BIA" data: without screening, sensitivity is 90.8 percent, specificity is 42.0 percent, Kappa is -0.109. With MNA-SF, specificity is 46.1 percent, Kappa is -0.116. Both tables have PPV and NPV values.]

Table 4 presents the association, determined through logistic regression, between malnutrition assessed using the GLIM tools (both methods) and the MNA-FF, as well as the health conditions of the individuals at the time of hospital admission. It was possible to observe that both in the unadjusted analysis and in the analysis adjusted for sex and age, individuals with malnutrition assessed by the MNA-FF and GLIM ANTHRO had a greater chance of sarcopenia and frailty, which differed from the assessment using the GLIM BIA, which showed an increased risk only for frailty.



TABLE 4 Logistic regression analysis between GLIM and MNA-FF tools and health conditions.
[image: Table comparing odds ratios of sarcopenia and frailty for malnourished individuals using MNA-FF, GLIM ANTHRO, and GLIM BIA assessments. Statistically significant p-values are highlighted. Adjustments account for sex and age.]



4 Discussion

This study shows that the frequency of malnutrition diagnosed by the GLIM method was higher than the MNA-FF and that this tool does not identify malnutrition severity. GLIM anthropometry and GLIM bioimpedance had very similar implications, suggesting that, when using GLIM references to assess muscle mass, regardless of the method, the findings are analogous and the values agree with the prevalence of malnutrition in the studied population (24). The disagreement between the MNA-FF and GLIM methods was generally very high, being greater when the MNA-SF tool was not used.


4.1 Effect of reduced MNA-SF tool on GLIM results

When comparing our results with the literature, it was possible to verify that the percentage of malnourished individuals using the MNA-SF and all GLIM criteria was higher than that found by other authors (25, 26). Although all studies use the MNA-SF as a screening step, divergences in the prevalence of malnutrition are understandable due to population differences, the number of GLIM criteria adopted, and the measurement of muscle mass, which should follow the proposed guidelines (19).

Specificity, PPV, and NPV increased when comparing the GLIM and MNA-FF when screening was applied. The MNA-FF identified a relatively high proportion of individuals “at risk of malnutrition,” confirming its high sensitivity (25). In this study, the number of malnourished diagnoses without screening was only 4% higher than those who used this step. This suggests that the use of screening resulted in a reduced number of malnourished individuals who could not be identified, another study found an even higher number of malnourished people who were not identified using screening (27). Other authors also found that, even though they were classified as malnourished by the GLIM, some older adults did not present nutritional risk according to the MNA-SF (28, 29).

GLIM sensitivity was maintained without screening, demonstrating that GLIM can verify malnourished older adults regardless of screening. This can be supported by the fact that none of the existing screening tools are able to detect low muscle mass (30). In a study using the GLIM and MNA-FF, a sensitivity of 76% was observed (25). A similar sensitivity of 75% was also verified when analyzing older adults in the community with the MNA (31). Therefore, when comparing the tools, given the sensitivity and specificity of screening, as well as better identification of malnutrition severity, it is suggested that the screening tool be used in GLIM.

The kappa value showed insignificant variation when comparing the MNA-FF method to the GLIM with and without screening. This agreement could be explained since MNA-FF does not assess the reduction in FFM, inflammation, or weight loss prior to 3 months, in the same way as the GLIM, which goes much less in-depth into nutritional assessment, such as when a body composition index is measured using the GLIM. In addition, the MNA-SF uses a different BMI scaling system and a lower cutoff point. Thus, although the MNA is suitable for risk and malnutrition, the GLIM may be more efficient for detecting hidden malnutrition, including sarcopenic obesity.



4.2 Agreement between GLIM and MNA

It was observed that one study compared the GLIM with the MNA-FF (28), and only a few had applied the MNA-SF followed by the GLIM to diagnose malnutrition in hospitalized older adults (25, 26, 28, 29, 32). It was found that the GLIM without screening identified more than three times the number of malnourished individuals as the MNA-FF. Other authors, using FFMI, observed a disparity in malnutrition rates: 36% identified as malnourished by GLIM compared to 15% by PG SGA (33). Similar values were found without using FFMI (34), in contrast to other studies that reported lower malnutrition prevalence with GLIM (27) and Ref. (35).

GLIM sensitivity was greater than 90% in analysis without screening, being higher than the results presented in the literature (33, 34, 36). The PPV without screening was close to some studies, at 34% (36) and 29% (33), but lower when compared to PPV of 83% (36). The kappa value without the screening step indicated a very low agreement between the GLIM and MNA-FF, being lower than the kappa of 0.32 (34) and 0.45 (35).

Discrepancies in comparisons can be partially explained by differences in the criteria used in each tool. Many studies do not use all the GLIM criteria and focus on populations from different regions and socioeconomic conditions. Additionally, tools, such as the MNA-FF do not use the same diverse criteria for identifying malnutrition as GLIM does.



4.3 Comparison between MNA-FF and GLIM and health conditions

Malnutrition identified by GLIM ANTHRO and MNA-FF was associated with sarcopenia, an association already reported by a systematic review with meta-analysis (37), confirming the premise that ignoring malnutrition can lead to sarcopenia and that the concomitance of these conditions is defined as malnutrition-sarcopenia syndrome (38). Older adults admitted with the syndrome have twice the risk of death as malnourished or sarcopenic adults alone (39). However, some individuals with sarcopenia, in this and another study, did not show malnutrition at screening, which further emphasizes the need to make a complete diagnosis for both malnutrition and sarcopenia (40).

Regarding frailty, an association with malnutrition was found by GLIM and MNA-FF, with a much higher risk when using the MNA-FF, as observed in hospitalized frail older adults (26) and adults over 60 years old (41). In homes of older adults, the coexistence of three conditions was also observed, such as malnutrition, frailty, and physical dysfunction (42).

MNA-FF and GLIM ANTHRO had a better association with health conditions than GLIM BIA, possibly because BIA is more affected by clinical conditions in hospitalized patients, which can alter tissue physiology, than muscle assessment by calf circumference. BIA estimates total body water and other body compartments using predictive equations that assume constant tissue hydration in individuals (43). However, this assumption may not always occur during hospitalization. In addition, anthropometry and bioimpedance methods express different aspects and levels of nutritional deficiency (44). However, it was also possible to observe that MNA-FF was a better predictor of frailty and sarcopenia in individuals than GLIM.




5 Conclusion

It was possible to verify that the MNA-FF and GLIM result in low agreement as they use divergent conceptual frameworks to understand malnutrition, which subsequently leads to different prevalences of malnutrition. However, although the GLIM ANTHRO obtained a greater number of malnutrition diagnoses and showed a good association with frailty and sarcopenia, more studies are needed to support its use in the diagnosis of malnutrition in hospitalized populations over the age of 60, since the MNA-FF was able to predict sarcopenia and frailty with a higher hazard ratio.
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Association of plant and animal protein intake with sleep quality and quality of life in hemodialysis patients: a multicenter cross-sectional study

Saber Jafari Maskouni1, Hossein Bavi Behbahani2,3*, Meysam Alipour2, Ahmad Zare Javid3, Fatemeh Fayazfar4, Pardis Tofighzadeh5, Shiva Shokri4, Sara Keramatzadeh5, Haleh Soltaniyan Dehkordi6, Morteza Sharifat3, Siavash Babajafari Esfandabad7 and Shokouh Shayanpour8


1Department of Nutrition, Jiroft University of Medical Sciences, Jiroft, Iran

2Department of Nutrition, Shoushtar Faculty of Medical Sciences, Shoushtar, Iran

3Nutrition and Metabolic Diseases Research Center, Clinical Sciences Research Institute, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran

4Student Research Committee, School of Nutrition and Food Science, Shiraz University of Medical Science, Shiraz, Iran

5Student Research Committee, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran

6Student Research Committee, Shoushtar Faculty of Medical Sciences, Shoushtar, Iran

7Nutrition Research Center, School of Nutrition and Food Science, Shiraz University of Medical Science, Shiraz, Iran

8Department of Internal Medicine, Chronic Renal Failure Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran

Edited by
 Olivia Di Vincenzo, University of Naples Federico II, Italy

Reviewed by
 Martyna Kosciuszko, The University of Manchester, United Kingdom
 Dyah Aryani Perwitasari, Ahmad Dahlan University, Indonesia

*Correspondence
 Hossein Bavi Behbahani, hosseinbbehbahani@gmail.com 

Received 02 July 2024
 Accepted 23 October 2024
 Published 12 November 2024

Citation
 Jafari Maskouni S, Bavi Behbahani H, Alipour M, Zare Javid A, Fayazfar F, Tofighzadeh P, Shokri S, Keramatzadeh S, Soltaniyan Dehkordi H, Sharifat M, Babajafari Esfandabad S and Shayanpour S (2024) Association of plant and animal protein intake with sleep quality and quality of life in hemodialysis patients: a multicenter cross-sectional study. Front. Nutr. 11:1458560. doi: 10.3389/fnut.2024.1458560
 




Background: The current study aimed to evaluate the association between the intake of plant-based protein, animal-based protein, total protein, and the ratio of plant to animal protein with sleep quality and quality of life in patients undergoing hemodialysis.
Methods: In this cross-sectional study, 479 adult patients undergoing dialysis for a minimum of 3 months were included. The dietary intake was calculated using information from a validated 168-item semi-quantitative food frequency questionnaire. Quality of life (QOL) was assessed using the Kidney Disease Quality of Life Short Form (KDQOL-SF 1.3). and the Pittsburgh Sleep Quality Index (PSQI) was used to assess sleep quality.
Results: In this study, the mean age of the participants was 58.18 years (± 14.25 years), with the majority being male (58.2%). After adjusting for potential confounders, significant positive associations were observed between total protein intake (β = 0.12, p = 0.03) and quality of life (QOL). Conversely, there were significant negative associations between the ratio of plant to animal protein intake (β = −0.94, p < 0.01) and QOL. Furthermore, significant negative associations were found between total protein intake (β = −0.02, p < 0.05) and animal protein intake (β = −0.19, p < 0.05) with poor sleep quality. Additionally, there were significant positive associations between the ratio of plant to animal protein intake (β = 0.188, p < 0.05) and poor sleep quality.
Conclusion: Increased consumption of animal protein is associated with improved sleep quality and Quality of Life (QOL) in patients undergoing hemodialysis (HD). Further research, especially prospective studies, is required to confirm these associations.
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 dietary protein; animal protein; plant protein; sleep quality; quality of life; hemodialysis


Background

Chronic kidney disease (CKD) can progress to an irreversible stage called end-stage renal disease (ESRD), affecting millions worldwide (1, 2). Hemodialysis, often abbreviated as HD, is the main treatment for people with end-stage kidney disease (ESRD). Despite progress in treatment, many patients with end-stage kidney disease still face a high mortality risk (3).

Sleep is essential for human beings, occupying a significant portion of the lifespan and playing a critical role in the restoration and maintenance of various physiological systems such as the immune system, brain metabolism, endocrine functions, and metabolic processes (4–6). sleep problems are linked to imbalance of energy and hormonal disturbances, inflammation and inflammatory disease, such as obesity, diabetes, cardiovascular disease and decline in kidney function and increase chronic kidney disease (7–12).

quality of life (QOL) reflects individual satisfaction with life based on expectations, goals, relationships, independence, and overall well-being (13). living with HD can be difficult, as many patients experience uncomfortable symptoms like constipation, fatigue, and trouble sleeping. These challenges can make it difficult to manage daily tasks and enjoy life to the fullest and negatively impact their emotional well-being and overall quality of life (QOL) (14).

Between 41 and 85 percent of HD patients experience sleep difficulties as common consequences (15). Potential reasons of sleep disturbances include hypertension, the morning dialysis shift, blood gases, blood creatinine and urea, anemia, and stressful lifestyles (8, 16, 17). Sleep disruption affects HD patients in a variety of ways and is an emerging risk factor that can predict their quality of life (QOL) and mortality (18).

Also, Research shows that hemodialysis (HD) patients experience a lower quality of life (QOL) and experience a high rate of DALYs (Disability-adjusted life years) due to factors like reduced quality of life, comorbidities, and long-term dependency on dialysis compared to the general population (19, 20).

Studies show that diet and nutritional status play critical roles in both the health complications and quality of life of HD patients, with protein intake being one of the most important dietary factors to consider (21, 22). Inadequate protein intake is a major contributor to malnutrition, especially among elderly patients whose bodies have a harder time utilizing protein (23). Inadequate protein intake in HD patients not only increases inflammation and worsens existing complications, but also directly impacts their physical and mental well-being, creating a vicious cycle (19). For HD patients with pre-existing kidney damage or certain health conditions, high protein intake can be particularly detrimental, leading to significant increases in urea and creatinine and potentially triggering severe uremic symptoms (24). The Kidney Disease Outcomes Quality Initiative (KDOQI) recommends a daily protein intake of 1.0–1.2 grams per kilogram of body weight for individuals undergoing hemodialysis (HD) to help them maintain a stable nutritional status (25).

New research suggests the type of protein (plant or animal) HD patients eat might affect their kidney function and risk of complications (26). Depending on individual circumstances and specific medical advice, some patients may need to adjust their protein intake, including considering different plant-based and animal-based sources, to manage their serum phosphorus and potassium levels (27). To ensure they get all the essential amino acids their bodies cannot produce, some dietary guidelines recommend that hemodialysis patients source at least half of their protein from animal products like meat, poultry, fish, and eggs (28, 29). Researchs now suggests that plant-based diets and increased plant-protein intake can positively impact and may be more advantageous for HD patients compared to animal proteins. Studies have observed improved health outcomes and even associated higher fruit and vegetable consumption with lower mortality rates (30–32). A long-term study in HD patients found a plant-based diet did not raise potassium levels and seemed to improve their nutritional status (33). Furthermore, recent studies show plant-based diets can be safe and nutritious for HD patients, with diverse plant protein sources providing enough quantity and quality (34, 35). Studies suggest plant-based proteins reduce acid load and inflammation compared to animal proteins, potentially supporting kidney health and overall well-being. Red and processed meats, high in saturated fat and sodium, may worsen existing health conditions (36).

Previous research has established a connection between protein sources and the risks associated with chronic kidney disease (CKD). However, there is a notable lack of studies investigating the impact of these protein sources on sleep quality and quality of life among hemodialysis (HD) patients. This study aims to address this gap by examining the relationship between plant-based and animal-based protein intake and both sleep quality and overall quality of life in HD patients.



Methods


Study population and ethical considerations

We conducted a multi-center cross-sectional study on 479 HD patients in 8 Hemodialysis centers (5 Government centers and 3 Private centers) in Ahvaz, Shiraz, and Shushtar cities, Iran. Patients were included in the study if they were ≥ 18 years old, alert, and receiving HD for at least 6 months.

We excluded patients with enteral or parenteral feeding, cognitive or communication problems, severe neurological or mental disorders, active neoplastic disease, severe alcohol or drug addiction, major amputation (lower/upper extremities), diagnosis of cancer, acute or chronic pancreatitis, irritable bowel syndrome, acute or chronic pancreatitis, hepatic insufficiency, incomplete questionnaires, and their daily energy intake was less than 800 kcal/d or above 4,200 kcal/d (37).

This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human patients were approved by the Ethics Committee of Shoushtar Faculty of Medical Sciences in Shoushtar, Iran (Registration no: IR.SHOUSHTAR.REC.1403.030). Written informed consent was obtained from all subjects.



Assessments and measurements


Dietary assessment

A validated 168-item semi-quantitative FFQ, developed and validated for the Iranian population, was used to assess dietary intake (37). Participants were asked by researcher’s assistance to indicate the frequency of their consumption of each food item over the previous year, categorizing their intake as daily, weekly, or monthly. The reported frequency of each food item was adjusted to a daily intake value. The portion sizes of the foods consumed were converted into grams using standard household measurement equivalents (38). Due to the limitations of the Iranian food composition table (FCT), which only covers basic raw materials and a few nutrients, the US Department of Agriculture (USDA) FCT was used to calculate energy and nutrient intake for most foods and beverages. The Iranian FCT was only used for specific items not listed in the USDA FCT, such as “kashk” (39).

A dietary analysis was conducted using Nutritionist IV software to determine the total energy intake, plant-based protein, animal-based protein, total protein, and the ratio of plant to animal protein, macronutrient profile, and micronutrient composition.



Quality of life and sleep quality assessment

We used the “Kidney Disease Quality of Life” tool (KDQOL-36), a 36-item questionnaire, to measure Health-related quality of life. This questionnaire comprises 36 items divided into two principal sections: 12 generic items that evaluate overall mental and physical status, and 24 items specific to chronic kidney disease (CKD), which assess symptoms, effects, and the burden of the disease. The average scores for the five subscales range from 0 to 100, with higher scores indicating a better quality of life (QOL). The Pittsburgh Sleep Quality Index (PSQI) questionnaire was used to evaluate sleep quality (40). This tool provides a comprehensive assessment of sleep by evaluating seven key aspects: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction. This questionnaire uses 19 questions to assess sleep quality. Scores range from 0 to 21, with lower scores indicating better sleep and higher scores indicating poorer sleep. A PSQI score of less than 5 indicated normal sleep, while a score exceeding 5 indicated poor sleep.



Anthropometric measurements

Following a dialysis session, dry weight was ascertained to the nearest 100 g utilizing digital scales, while individuals were attired in minimal clothing and devoid of footwear. This measurement protocol was adopted provided clinical evaluation did not reveal any indicative signs of hypovolemia or hypervolemia. Height was assessed without footwear, with individuals in a standing posture, achieving an accuracy of 0.1 cm. Body Mass Index (BMI) was computed by dividing the dry weight in kilograms by the square of height in meters. We employed International Physical Activity Questionnaire (IPAQ) to assess physical activity levels (41). The data were converted to metabolic equivalent hours per day (MET.h.d) for analysis.



Assessment of other variables

Demographic Characteristics (age, sex, marital status, employment status), dialysis history (vintage, frequency, duration), Fluid intake, urine volume, urea reduction ratio (URR), medication prescriptions and primary cause of renal failure were obtained from medical records.



Sample size

The G*Power 3.1.9.4 software was then used to calculate the minimum sample size required for the study. In this regard, the minimum sample size reached with statistics (i.e., significance = 0.05; power = 0.95, and effect size = 0.33) from a related previous study (42) was 389. Considering the withdrawal rate of 23%, 479 subjects were recruited.




Data analysis and accessibility

Statistical analyses were performed using IBM SPSS Statistics version 24 (Chicago, IL, USA). p value ≤0.05 was considered statistically significant. To assess whether each variable followed a normal distribution, the Kolmogorov–Smirnov test was applied. Continuous variables were expressed as the mean ± standard deviation, while categorical variables were reported as percentages. Categorical variables were analyzed with the Chi-square test, while one-way ANOVA examined differences in continuous variables (total protein intake, plant protein intake, animal protein intake, and plant-to-animal protein ratio) across quartiles defined by protein intake levels. Linear regression analysis was conducted to assess the association between total, ratio, and type of dietary protein intake and sleep quality and quality of life (QOL) in crude and multivariable-adjusted models. In the first adjusted model, the confounding effects of center type, city, age, sex, diabetes, hypertension, job, marital status, education, income status, smoking, BMI, physical activity, and energy intake were controlled. Model 2 was additionally controlled for to dialysis vintage, dialysis time, frequency of hemodialysis sessions, fluid intake, urine volume, and medication prescriptions (Corticosteroids, Sevelamer hydrochloride, Calcium carbonate, Calcitriol, furosemide, lipid drugs). To provide a measure of effect size, Cohen’s f2 was calculated, with values of 0.1, 0.25, and 0.4 corresponding to small, medium, and large effects, respectively (43).




Results

As shown in Figure 1, out of the 755 patients evaluated across 8 hemodialysis centers, 268 were excluded from the study for various reasons. Consequently, a total of 487 patients consented to participate in the study. However, due to dietary misreporting, eight patients were excluded from the final analysis. The mean ± SD age of 479 HD patients who contributed to the current study was 58.18 ± 14.25 years. Most patients were men (58.2%), married (74.5%), either housekeeper (35.4%) or retired (23.8%). 43.7% patients’ have diabetes and most patients were high blood pressure (74.9%).

[image: Flowchart of patient selection for a study. Screening involved 755 patients from 8 hemodialysis centers. Of these, 268 did not meet recruitment criteria due to factors like physical and mental limitations (162), recent hospitalization (6), incomplete database (98), and cancer (2). This left 487 patients who consented. After excluding 8 for dietary mis-reporting—7 under-reporting and 1 over-reporting—479 patients were included in the final analysis.]

FIGURE 1
 Participant flow chart.



General characteristics of the patients among quartiles of the total, plant, animal and ratio of plant to animal protein intake

The following analysis presents the general demographic and clinical characteristics of hemodialysis patients categorized into quartiles based on their total, plant, animal protein intake, and the ratio of plant to animal protein intake, as depicted in Table 1. As evident from Tables 1, a noteworthy observation is the pronounced male predominance in the highest quartiles of total, plant, and animal protein intake compared to the lower quartiles (p < 0.001 for all quartiles of protein intake). Additionally, there was a higher prevalence of employment and lower age among individuals in the upper quartiles of total, plant, and animal protein intake (p < 0.01).



TABLE 1 The baseline characteristics of study population across quartiles of total, plant, animal and the ratio of plant to animal protein intake (n = 479).
[image: Table comparing characteristics and medication prescriptions of two quartiles based on protein intake: total, plant, and animal protein. Includes variables like BMI, age, dialysis time, physical activity, employment, education, income, and medication usage, with p-values provided for statistical analysis.]

Furthermore, patients in the top quartiles of total and plant protein intake demonstrated a notable increase in fluid intake, while those in the lowest quartiles of total, plant, and animal protein intake exhibited a significantly higher percentage of urine volume (>500 mL) (p < 0.05). Notably, patients in the lowest quartiles of total and animal protein intake were more likely to be married compared to those in the top quartiles (p < 0.005). Moreover, higher quartiles of total protein intake were associated with a significantly higher percentage of individuals with a higher education level (p < 0.05) compared to the lower quartiles. Patients in the upper quartile of plant protein intake had a significantly lower furosemide consumption per day (p < 0.001) compared to those in the bottom quartile, whereas patients in the lowest quartile of the plant-to-animal protein ratio exhibited the lowest furosemide consumption per day (p < 0.001) compared to those in the bottom quartile. Additionally, concerning the etiology of End-Stage Renal Disease (ESRD), individuals in the top quartile of plant protein intake had a lower incidence of diabetes mellitus (p < 0.05). No notable differences were identified in other characteristics across the quartiles for all types of protein intake. Also, there was a lower Kt/V among individuals in the upper quartiles of total, plant, and animal protein intake (p < 0.01).



Dietary intakes across quartiles of the total, plant, and animal proteins intake in HD patients

Table 2 presents the dietary intake across quartiles of total, plant, and animal protein intake. Notably, certain protein sources such as poultry, red meat, processed meat, fish, and low-fat dairy exhibited an increase in consumption with ascending quartiles of total protein intake, albeit only the increase in poultry consumption achieved statistical significance (p < 0.05). Additionally, there was a significant rise in total energy intake, carbohydrate consumption, fat intake, and fat percentage, alongside a notable decrease in carbohydrate percentage, as total protein intake quartiles increased (p < 0.05). Conversely, intake of vegetables and vegetable oils showed a significant decrease, while whole grain consumption exhibited a significant increase across quartiles of total protein intake.



TABLE 2 Dietary intakes across quartiles of total, plant, animal and the ratio of plant to animal protein intake (n = 479).
[image: A detailed statistical table comparing food group characteristics and nutrient intakes between quartiles of protein intake (Q1 and Q4). It includes total protein, plant protein, animal protein, and the plant-to-animal protein ratio, with associated means, standard deviations, and P-values. Nutrient values covered are total energy, carbohydrate, fat, and their percentages. Statistical significance is calculated using one-way ANOVA with P<0.05.]

Furthermore, individuals within the highest quartile of plant protein intake demonstrated significantly elevated consumption of whole grains and reduced intake of red meat, poultry, vegetable oils, high-fat dairy, and eggs compared to lower quartiles (p < 0.05). Concurrently, there was a significant increase in total energy intake, carbohydrate consumption, fat intake, and carbohydrate percentage, with a corresponding decrease in fat percentage across quartiles of plant protein intake (p < 0.05).

Among different quartiles of animal protein intake, individuals within the top quartiles exhibited significantly higher consumption of soft drinks, red meats, poultry, fish, low-fat dairy, energy, fat, carbohydrates, and percentage of fat (p < 0.05), while demonstrating significantly lower intake of refined grains, nuts, eggs, and carbohydrate percentage compared to lower quartiles (p < 0.001).

In addition, across varying quartiles of the plant-to-animal protein ratio, individuals within the highest quartiles displayed significantly reduced consumption of red meats, processed meats, poultry, fish, eggs, low-fat dairy, high-fat dairy, vegetable oils, fat, and percentage of fat (p < 0.05), while exhibiting significantly increased intake of refined grains, whole grains, total energy intake, carbohydrates, and carbohydrate percentage compared to lower quartiles (p < 0.001).



Association of QOL and sleep quality with different types of dietary protein intake in HD patients

The outcomes of linear regression analysis examining the relationship between Quality of Life (QOL), sleep quality, and various types of dietary protein intake among Hemodialysis (HD) patients are delineated in Table 3.



TABLE 3 The association between different types of dietary protein intake and sleep quality and quality of life in hemodialysis patients (n = 479).
[image: A table comparing the effects of total, animal, plant, and plant/animal protein on quality of life and sleep quality across three models. Each model shows beta values with confidence intervals, p-values, and effect sizes. Notable findings include protein's impact on quality of life and sleep, with significant p-values marked under each model. The footnotes explain model variations and statistical significance.]

Statistically significant positive correlations were evident between total protein intake (β = 0.16; p < 0.001), plant protein intake (β = 0.18; p < 0.001), and animal protein intake (β = 0.22; p < 0.001) with QOL. Conversely, a significant negative correlation was observed between the ratio of plant to animal protein intake (β = −0.82; p < 0.012) and QOL in model 0 (unadjusted). Upon adjustment for confounding variables including center type, city, age, sex, diabetes, hypertension, job, marital status, education, income status, smoking, BMI, physical activity, and energy intake in Model 1, statistically significant positive associations persisted between total (β = 0.21; p < 0.001) and animal (β = 0.17; p < 0.001) protein intake and QOL. Conversely, a significant negative correlation was maintained between the ratio of plant to animal protein intake (β = −0.90; p < 0.01) and QOL. However, in Model 1, the association between plant protein intake and QOL was non-significant (β = −0.07; p = 0.19). Furthermore, in Model 2, which accounted for additional confounding variables such as dialysis vintage, dialysis time, frequency of hemodialysis sessions, fluid intake, urine volume, and medication prescriptions, significant positive associations were only observed between total protein intake (β = 0.12; p = 0.03) and negative associations of the ratio of plant to animal protein intake (β = −0.94; p < 0.01) with QOL. However, in Model 3, the associations between animal (β = 0.17; p = 0.30) and plant protein (β = −0.09; p = 0.09) intake with QOL were non-significant.

Additionally, significant positive associations were detected between total protein intake (β = −0.02; p < 0.001), plant protein intake (β = −0.03; p < 0.01), and animal protein intake (β = −0.03; p < 0.001) with the poor sleep quality. However, the association between the ratio of plant protein to animal protein intake and the sleep quality was not statistically significant in model 0 (unadjusted) (β = 0.01; p = 0.07).

In Model 1, following adjustments for various confounding factors, including center type, city, age, sex, diabetes, hypertension, job, marital status, education, income status, smoking, BMI, physical activity, and energy intake significant negative associations were observed between total (β = −0.02; p < 0.05) and animal (β = −0.02; p < 0.05) protein intake and the poor sleep quality. Conversely, a significant negative association was found between the ratio of plant to animal protein intake (β = −0.90; p < 0.01) and the poor sleep quality. However, in Model 2, the associations between plant protein intake (β = 0.005; p = 0.769) and the ratio of plant protein to animal protein intake (β = 0.18; p = 0.064) with the score of sleep quality were not statistically significant.

Moreover, in Model 2, after adjusting for Model 1 confounding variables along with additional factors such as dialysis vintage, dialysis time, frequency of hemodialysis sessions, fluid intake, urine volume, and medication prescriptions significant negative associations were observed between total (β = −0.02; p < 0.05) and animal (β = −0.19; p < 0.05) protein intake and positive associations of the ratio of plant to animal (β = 0.188; p < 0.05) with poor sleep quality. However, in Model 3, the association between plant protein intake (β = 0.011; p = 0.539) and sleep quality was not statistically significant.




Discussion

For patients undergoing hemodialysis (HD), a well-balanced diet, particularly adequate protein intake, significantly impacts their sleep quality and quality of life (QOL). Maintaining good nutritional status, especially ensuring sufficient dietary protein, is crucial for hemodialysis patients to experience a well sleep and quality of life (QOL). While the link between protein intake and sleep quality has been investigated in other disease and conditions, no studies have specifically investigated this association in patients undergoing hemodialysis (44–47). However, there is a few research that exploring the link between dietary protein intake and quality of life in hemodialysis patients (48–51).

Besides the amount of protein consumed, the type of protein may also influence complications and quality of life in patients undergoing HD (52, 53). This study investigates the link between protein source, sleep quality, and quality of life (QOL) in HD patients. It is the first to examine the protein-sleep quality connection and the second to explore the protein-QOL association in this population. We observed that higher total protein consumption was associated with better QOL in HD patients, while there was negative significant association between higher ratio of plant to animal protein consumption with QOL. Also, we observed that higher total and animal protein consumption was associated with better sleep quality in HD patients, while there was negative significant association between higher ratio of plant to animal protein consumption with good sleep quality.

Limited research has been conducted on the relationship between overall dietary protein consumption and quality of life (QOL) among individuals undergoing hemodialysis (HD) (23, 50, 54). Darzi et al. observed a notable positive connection between total protein intake, as well as protein derived from plant and animal sources, and QOL in HD patients (53). Similarly, Sharin et al. found a significant positive link between protein intake and the physical component of Quality of Life (QOL) in hemodialysis (HD) patients. However, they did not observe a significant association between overall nutritional status and QOL (23). Furthermore, two separate cross-sectional studies demonstrated an association between low dietary protein intake, as indicated by low serum albumin levels, and a lower quality of life in patients undergoing hemodialysis (50, 55). Individuals undergoing hemodialysis experience catabolic mechanisms related to the procedure, making it crucial to consider a higher protein intake in their diet to counteract muscle loss and reduce susceptibility to infections (56). A lack of protein intake can also lead to anemia, weakness, and fatigue, directly affecting both physical and mental quality of life (21, 57).

In contrast, based on a study by Yusop et al., individuals receiving hemodialysis (HD) treatment may experience an improved quality of life (QOL) when adhering to lower protein consumption. Notably, the study found that patients failing to achieve the recommended protein intake levels could still exhibit favorable quality of life assessments and maintain a healthier body mass index (BMI) (58). Our differing methodologies for assessing dietary intake may account for the variation in results compared to Yusop et al. While they employed a 24-h diet recall, our study utilized a Food Frequency Questionnaire (FFQ), which captures dietary patterns over a longer period and potentially provides a more comprehensive picture of habitual intake (34, 35).

Our research demonstrated a positive association between increased consumption of total and animal protein and enhanced quality of life (QOL). Our hypothesis for this outcome is that the significant price discrepancy between animal protein sources and plant protein sources in Iran may play a role (59).

In Iran, animal proteins may be less accessible due to cost, leading to a higher intake of plant proteins that are less suited to the specific needs of dialysis patients. In low-income populations, limited access to high-quality protein sources can further reduce dietary protein adequacy, contributing to malnutrition and a poorer QoL (60). One study found that higher income groups are more likely to afford and consume animal proteins such as red meat, fish, and poultry, which are typically more expensive than plant-based proteins (61).

Another possibility is that protein helps to preserve muscle mass and function. Protein is essential for muscle growth and repair, and a high protein intake can help to offset the muscle loss that can occur in HD patients. Additionally, protein can help to improve energy levels and reduce fatigue by providing the body with a source of amino acids, which can be used for energy production (62). it should be noted that animal proteins are recognized for their high biologic value, and previous studies have recommended that dialysis patients should consume a minimum of 50% high biologic value proteins whereas plant-based proteins are typically deficient in one or more essential amino acids, particularly lysine, methionine, and leucine, which are crucial for muscle protein synthesis (28, 31).

Another possibility is that plant proteins have a lower digestibility compared to animal proteins. Factors like plant cell walls, fiber, and anti-nutritional compounds (e.g., phytates and tannins) hinder protein absorption (63). This is significant in hemodialysis patients, who may already experience digestive challenges due to gastrointestinal complications related to their treatment (64). In contrast, animal proteins are generally more easily digested and absorbed, providing more immediate nutritional support. For HD patients, who already experience decreased appetite and gastrointestinal challenges, ensuring that the consumed protein is efficiently utilized is crucial for preventing malnutrition and maintaining QoL (65).

Sleep is essential for overall human health and function. Sleep deprivation is associated with a wide range of negative consequences, including cognitive impairment, immune system dysfunction, and an increased risk of chronic diseases (66, 67). Several factors influence sleep quality, including behavioral, environmental, and physiological factors (68). Diet is one often-overlooked factor that can significantly impact sleep (44). Some studies have shown that higher animal protein consumption may improve sleep quality (69). For instance, one study on older adults found that those who consumed more animal protein had deeper sleep compared to those who consumed less animal protein (44, 70). Another study that results from 2 randomized controlled trials demonstrated that consuming higher protein improved indexes of sleep in energy-restricted overweight and obese adults (71). Several mechanisms may explain how animal protein could improve sleep quality. One possibility is that animal protein is a good source of tryptophan, an amino acid that converts into the precursor of serotonin, a neurotransmitter that plays a crucial role in regulating sleep (72, 73). Additionally, animal protein provides essential amino acids required for the production of melatonin, a hormone that helps regulate the sleep–wake cycle (73, 74).

Notwithstanding the positive effects of animal-based protein consumption, it is advisable for individuals with HD to exercise caution when including such proteins in their diet (35). A concern about animal-based proteins is their potential to contribute to the accumulation of uremic toxin production, particularly indoxyl sulfate and p-cresyl sulfate, which are by-products of the metabolism of aromatic amino acids (such as tryptophan and tyrosine) (75). Chronic inflammation is a hallmark of CKD, and uremic toxins play a central role in its pathogenesis (76, 77). These toxins activate pro-inflammatory pathways, such as NF-kB and Toll-like receptors (TLRs), which in turn increase the production of inflammatory cytokines like IL-6 and TNF-α (78).

Considering the beneficial effects of animal-derived proteins in managing various complications in hemodialysis (HD) patients, and the impact of these complications on sleep quality and overall Quality of Life (QOL), it is reasonable to hypothesize a potential positive correlation between animal protein intake and the overall QOL in this patient population.

This study is the first to investigate the impact of different types of dietary protein on sleep quality and QOL among HD patients, effect size for quality of life was large and adjustment for potential confounders were done. For this reasons, Our results can be used to inform the development of strategies and dietary guidelines for hemodialysis patients.

However, several limitations must be acknowledged. Due to the cross-sectional nature of this study, it is not possible to determine any cause-and-effect relationships between the variables. Another point worth considering is that even though the study employed a validated Food Frequency Questionnaire (FFQ), there may still be potential inaccuracies in measuring dietary intake, along with possible recall biases. BMI has significant shortcomings, particularly when compared to more advanced methods like bioelectrical impedance analysis (BIA), which can assess body composition, including muscle. Lastly, it is important to acknowledge that multiple variables could have impacted sleep quality and Quality of Life (QOL) in this study, which the researcher was unable to control.

Although our study found a positive link between higher animal protein intake and improved sleep quality and Quality of Life (QoL), it is important to consider the potential risks associated with excessive protein consumption. Further longitudinal studies are necessary to confirm these findings and thoroughly evaluate the long-term risks linked to high consumption of animal protein. Also, future investigations should utilize randomized controlled trials (RCTs) and advanced body composition measurement methods like bioelectrical impedance analysis (BIA) to determine optimal protein intake and understand its effects in hemodialysis patients.



Conclusion

In conclusion, the results of our study suggest that a higher intake of animal protein, in contrast to plant protein, is associated with better sleep quality and Quality of Life (QOL) among patients undergoing hemodialysis (HD).
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Stroke is a major cause of morbidity and mortality worldwide, often leading to complications such as malnutrition, dysphagia, and sarcopenia. We present the case of a 78-year-old male with a history of ischemic stroke and multiple comorbidities, who was underweight and weakened. Over a 10-month follow-up period, a percutaneous endoscopic gastrostomy (PEG) tube was placed, and nutritional management was carried out based on biochemical and nutritional status assessments. Anthropometric and blood biochemical parameters confirmed the need to adjust protein and energy intake to the patient’s requirements. Personalized nutritional intervention, including a caloric surplus and dietary adjustments, resulted in weight gain, improved muscle mass and biochemical blood parameters. This case report highlights the comprehensive nutritional management of a post-stroke patient to improve outcomes and quality of life.
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Introduction

Stroke is the second-leading cause of death and third-leading cause of death and disability combined worldwide in 2019 (1). According to Wafa et al., the number of people living with stroke in Europe is expected to rise by 27% from 2017 to 2047, due to population aging and improved survival rates (2).

Several risk factors have been associated with stroke, including modifiable and non-modifiable risk factors. The main modifiable risk factor is hypertension, but there are others such as hyperlipidemia, diabetes mellitus, smoking, physical inactivity and diet. Age, race and genetics include the main non-modifiable factors.

Stroke can be classified into two main types: ischemic, accounting for about 85% of cases, and hemorrhagic, which makes up around 15% (3). Ischemic stroke occurs due to the abrupt blockage of a blood vessel, which leads an inadequate supply of blood to brain tissue. This can result in irreversible loss of tissue function or cell death (4). Symptoms vary by the affected brain region. When the left hemisphere is affected, common symptoms can include aphasia, right hemiparesis, and right hemianopia; when the right hemisphere is involved, left spatial neglect occurs (3). Post-stroke recovery goes through three phases: the acute phase during the first 2 weeks; the sub-acute phase which occurs for up to 6 months; and the chronic phase which can last for years or a lifetime (5).

Dysphagia is also frequently reported in post-stroke patients (6), with a prevalence of around 42% (7). This condition has been associated with high risk of malnutrition, mortality and additional complications (8). Malnutrition represents another common problem among stroke patients with an estimated prevalence of 20% (9), which can be attributed to dysphagia and can lead to stroke-related sarcopenia (10). Sarcopenia is characterized by the progressive loss of muscle mass, accompanied by a decreased in muscle strength and function (11), and can be influenced by multiple factors, including aging, nutrition, physical activity, and disease. Additionally, in stroke patients, the neurological disorders, inflammation, and inactivity causes changes in skeletal muscle that can also contribute to sarcopenia development (12).

In this context, assessing the nutritional status of stroke patients is essential to ensure the patient’s nutritional needs. Percutaneous endoscopic gastrostomy (PEG) placement has been recommended for post-stroke patients with dysphagia to improve nutritional status and overall well-being (13). The malnutrition interventions in post-stroke patients shows inconsistent results, possibly due to a lack of consensus on tools for identifying this condition in these patients (14). Nutritional supplementation in these patients is only recommended in malnutrition cases (15). However, although there are possible benefits associated with calorie and protein supplementation in these individuals, there is still a lack of evidence to support this intervention (15).

We present a case report of a post-stroke patient with sarcopenia risk and multi-morbidity who was receiving artificially feeding through a PEG tube and the nutritional management strategies implemented to improve his nutritional status and overall quality of life.



Case description


Patient diagnosis and clinical history

A 78-year-old male with a history of hypertension, dyslipidemia, vascular epilepsy and a medical diagnosis of acute ischemic stroke was admitted to the nursing home (August, 2023). The stroke resulted in a right-side paralysis with loss of mobility and the ability to eat orally. The patient had dysphagia and a global aphasia, but when stimulated he was able to look and tried to verbalize through imperceptible sounds. Physical examination, showed right-sided hemiparesis in both lower and upper limbs, rendering him fully dependent for all activities of daily living, edema in the right upper limb, muscle spasticity due to increased muscle tone, pulse flexion and ankylosis. He had a nasogastric tube (SNG) placed and was eating a homemade liquid diet (HLD).

The HLD included a smoothie made with semi-skimmed milk, dairy flour and 1 piece of fruit, cooked at breakfast; a vegetable soup with meat or fish (protein enriched soup) and one piece of cooked fruit without sugar for dessert at lunch; at afternoon snack a similar meal to breakfast; and at dinner a similar meal to lunch. Before bedtime the patient also drank a milkshake with semi-skimmed milk and dairy flour as an evening snack.



Nutritional assessment

The patient’s body weight was estimated using a predictive equation (16). At admission the abnormal anthropometrics values, included an estimated weight of 55.7 Kg, body mass index (BMI) of 18.8 Kg/m2 (17), as shown in Table 1. Despite the normal values regarding mid-upper-arm circumference (MUAC) (26.0 cm) and calf circumference (CC) (31.5 cm), the CC value is quite close to the cut-off value for stroke patients (cut-off for CC is <31 cm), so it is possible that the patient could develop sarcopenia (18). Table 1 does not include anthropometric data for the period between September and February, as it was not possible to collect this information due to the patient being at home during that time.



TABLE 1 Anthropometric parameters of patient for 10 months of follow-up.
[image: A table displaying anthropometric parameters over ten months. Parameters include mid-upper-arm circumference, calf circumference, estimated weight, and Body Mass Index (BMI). Values are recorded for August 2023, September 2023, February 2024, March 2024, April 2024, and May 2024. Mid-upper-arm circumference starts at 26.0 cm in August 2023, decreasing to 22.3 cm by February 2024, then gradually increasing to 24.0 cm by May 2024. Calf circumference starts at 31.5 cm, decreasing to 26 cm by February 2024, then increasing to 27.8 cm by May 2024. Estimated weight and BMI follow similar fluctuating trends. Normal values are provided for reference.]

The laboratory parameters at the time of nursing home admission and during 10 months of follow-up are summarized in the Table 2. At admission (August, 2023), the abnormal laboratory biochemical parameters included urea (14 mg/dL), creatinine (0.5 mg/dL), hemoglobin (10.9 g/dL), hematocrit (32%) and C-reactive protein (2.09 mg/dL) values.



TABLE 2 Laboratory biochemical parameters of patient for 10 months of follow-up.
[image: Table showing laboratory parameters over three time points: 1st month (August 2023), 7th month (February 2024), and 9th month (April 2024). Parameters include glucose, urea, creatinine, hemoglobin, hematocrit, MCV, MCH, MCHC, RDW, counts of neutrophils, eosinophils, basophils, lymphocytes, monocytes, platelets, sodium, potassium, and C-reactive protein levels with respective values for each month, compared to normal ranges.]

One month after nursing home admission (September, 2023), a chronic bronchitis was diagnosed and symptoms such as, dyspnea, wheezing and productive cough were observed. The patient showed a loss of 1.8 Kg body weight and BMI of 18.2 Kg/m2 was observed. A PEG was placed to improve the patient’s nutritional status while maintaining the HLD.

There was no specific medical information regarding the type or severity of the patient’s dysphagia was provided. However, given the diagnosis, a PEG tube was placed to improve the patient’s overall nutritional status and address existing malnutrition and sarcopenia. The decision to place the PEG over the nasogastric tube (NGT), which was present at admission, was made by a multidisciplinary team and considered the specific case, clinical situation, diagnosis, prognosis, ethical factors, and the family’s wishes. The primary goals were to prevent further weight loss, correct nutritional deficiencies, and enhance the patient’s quality of life related to inadequate oral intake (13).

According to ESPEN guidelines, PEG feeding is recommended when a patient’s nutritional intake is expected to be inadequate for over 2–3 weeks (13). In this case, the patient qualified for PEG placement due to a neurological disorder, specifically a dysphagic state following a cerebrovascular stroke, and the requirement for long-term feeding (over 6 weeks) because of moderate malnutrition (13, 19).

The choice of PEG placement rather than continue with the NGT was based on the NGT’s suitability for only short-term use (up to 4–6 weeks). Therefore, PEG is the preferred access device for patients needing long-term enteral nutrition if suitable (19).

The timeline of the clinical parameters and the nutritional assessment and interventions are shown in Figure 1.

[image: Timeline chart depicting the medical and dietary history of a 78-year-old male following an ischemic stroke in August 2023, with a body mass index (BMI) of 18.8 kg/m². It shows a progression through various diets and medical events, such as a homemade liquid diet, PEG placement, and episodes of diarrhea, concluding in May 2024 with a BMI of 16.8 kg/m².]

FIGURE 1
 Timeline of nutritional status, dietary parameters and clinical features.


The estimated energy and macronutrient requirements were calculated upon admission to the nursing home, using the Revised Harris-Benedict Equation according to his age, body weight, height, activity factor, organic stress factor and temperature factor. The macronutrient distribution was set to 50% for carbohydrates, 30% for lipids and 20% for protein. The total requirement per day was 1,500 Kcal, 187 g carbohydrate, 75 g protein and 50 g lipids.



Nutritional management


Stage 1: Introduction of normocaloric enteric formula

Six months after PEG placement (February, 2024), a normocaloric enteric formula (NEF) was prescribed, as a complement to the HLD to reinforce the patient’s diet which increased the total energy intake by 500 Kcal daily. The NEF (500 mL per day) was given at breakfast and dinner and the HLD at lunch, afternoon and evening snack. The patient was awake and responsive to stimuli and had no gastric contents before meals, indicating good tolerance to the enteric formula and diet.



Stage 2: Main course addition

Despite this, he continued to lose weight, having lost a total of 9.5 kg, which corresponds to a BMI of 15.0 Kg/m2. In this context, to increase daily energy intake (an increase of 227 Kcal), it was added the main course at lunch to the HDL. The main course consisted of meat or fish and potatoes, rice or pasta ground in a blender with a small amount of water to make it liquid enough to pass through the PEG. Table 3 showed the comparison between dietary parameters of nutrition interventions employed to patient for 10 months follow-up.



TABLE 3 Total energy and nutrient composition of the three diets implemented to patient for 10 months of follow-up.
[image: A table compares dietary parameters across four diet types: Homemade liquid diet, Homemade liquid diet with normocaloric enteral formula, Homemade liquid diet plus main course with normocaloric enteral formula, and Homemade liquid diet with hypercaloric enteral formula. Parameters include energy in kilocalories, lipids, various fats, carbohydrates, sugars, fiber, protein, sodium, potassium, calcium, phosphorus, magnesium, iron, zinc, selenium, iodine, vitamins A, D, B6, B12, C, E, thiamine, riboflavin, and folate, with varying measurements for each diet.]

At this time (February, 2024), the patient revealed an improvement of previous abnormal biochemical parameters, including, urea (21 mg/dL), creatinine (0.8 mg/dL) and C-reactive protein (0.34 mg/dL). Additionally, the patient revealed an abnormal glucose value which was not altered at admission moment (Table 2).



Stage 3: Removal of the main course

The nutritional status was improved slightly 22 days after adding the main course to the diet, in which he gained 0.6 kg of body weight, corresponding to a BMI of 15.7 Kg/m2. However, it was observed that the patient maintained the aphasic state and often had gastric contents before meals, which showed a possible gastric stasis. This may have occurred due to a low tolerance to the implemented diet, and in this regard, the main course was removed to avoid over-feeding.



Stage 4: Introduction of hypercaloric enteric formula

Taken in account that patient still had a low body weight and visibly weakened state, a hypercaloric enteral formula (HEF) was prescribed to replace the NEF for 5 days. This change of enteric formula allowed the daily calorie intake to increase by 318 Kcal.



Stage 5: Antidiarrheal diet

During the following month (April 2024), several episodes of diarrhea occurred, leading to the discontinuation of NEF and implementation of an antidiarrheal diet. The anti-diarrhea diet excludes greens, dairy products and only uses fat-free cooking methods such as grilling and boiling. This diet consists of a dairy-free smoothie made with non-dairy rice flour and an herbal infusion or water for breakfast; a protein-enriched soup without greens and cooked fruit for lunch; a snack similar to breakfast in the afternoon; and a meal similar to dinner at lunch. By the end of month and after recovering diarrhea episodes (normal feces), the patient showed good tolerance to the reintroduction of HLD and the NEF supplementation. It was observed a gain of 3.1 kg in body weight and a corresponding BMI of 16.2 kg/m2.

The patient’s biochemical parameters showed an improvement in glucose value; however, abnormal urea (18 mg/dL), creatinine (0.59 mg/dL), potassium and C-reactive protein (2.53 mg/dL) parameters were observed (Table 2).



Stage 6: Assessment of nutritional status

One month later (May, 2024), he had gained 1.5 kg in body weight, which corresponds to a BMI of 16.8 Kg/m2 showing an improvement in his overall nutritional status since the last anthropometric assessment.





Discussion

We report a case of a post-stroke patient who received personalized nutritional and dietary recommendations over a period of 10 months, in which adjustments were made to achieve the patient’s nutritional requirements and improve clinical parameters.

To date, few studies have reported the challenges of the nutritional management in post-stroke malnourished individuals with risk of sarcopenia and multi-comorbidities. This case report provides essential insights in the role of personalized dietary management in post-stroke care.

In stroke patients, malnutrition is often associated with sarcopenia, leading to an increased risk of mortality, complications and poor functional outcomes (11). According to Siotto et al., post-stroke patients diagnosed with sarcopenia showed reduced muscle mass and poorer nutritional status, as well as less favorable functional recovery compared to those without sarcopenia (20). Calcaterra et al. found that in 809 stroke patients, the prevalence of sarcopenia ranged from 12.6 to 44.9%. In this study, sarcopenia was associated with the risk of malnutrition, as indicated by Mini Nutritional Assessment (MNA) scores below 24 (21).

Stroke is also associated with several complications, including dysphagia, one of the most common sequelae of acute stroke, which can increase the risk of malnutrition (22, 23). Tagliaferri et al. showed that among a large population of non-institutionalized older outpatients, the risk of dysphagia increased with worsening of the nutritional status, being highest among those who were malnourished (24). Furthermore, Saleedaeng et al. reported that older adults with dysphagia were 4.8 times more likely to experience undernutrition compared to those without dysphagia (25).

Enteric nutrition is essential in the nutritional management for patients with dysphagia following an acute stroke (26). According to Maciejewska et al., dysphagia is a common consequence of ischemic stroke leading to aspiration pneumonia, malnutrition and others adverse clinical complications (27). Early nutritional status assessment is crucial to detect malnutrition and improve post-stroke clinical outcomes (28). In this context, nutritional and dietary adjustments are necessary to ensure the patient’s needs and a PEG or a SNG tube may be required.

Nutritional intervention in post-stroke patients aims to prevent malnutrition and ensure an adequate daily intake of protein and energy (27, 29). On admission, our patient had a BMI of 18.8 Kg/m2, which is categorized as underweight according to the Lipchitz classification (17).

CC and MUAC are valid anthropometric measurements to diagnose undernutrition in elderly (30). For this reason, both values were measured periodically (Table 1) to assess the patient’s nutritional status using reference values for elderly individuals. Additionally, although not recommended for diagnosis, MUAC is a valuable screening tool for detecting undernutrition. The MUAC cutoff value is 24 cm and measurements below this indicate underweight (31).

The European Working Group on Sarcopenia in Older People 2 (EWGSOP2) guidelines defines a cutoff value for calf circumference of <31 cm. The CC measurement is used in older adults to predict performance and survival. Thus, when other methods are unavailable, it can serve as a diagnostic tool for muscle mass (18). According to Yang et al., the cutoff value of calf circumference for sarcopenia in stroke patients is <31 cm in male and 30 cm in females. Compared with SARC-F questionnaire and Ishii’s score, calf circumference has the optimal performance in screening stroke-related sarcopenia (32). In the first (August, 2023) and second measurements (Setember, 2023), CC values were ≥ 31 cm, so patient was not yet classified as sarcopenic. However, in the third measurement (February, 2024), the CC value was <31 cm, which confirmed a diagnosis of sarcopenia.

In the chronic phase after stroke, there is still a residual inflammation that might potentially impact on the long-term outcome of stroke patients (33).

According to the Global Leadership Initiative on Malnutrition (GLIM) criteria, the patient is malnourished since he has 1 phenotypic criterion and 1 etiological criterion for malnutrition diagnosis (34). The unintentional weight loss, reduced MUAC and low BMI were categorized as phenotypic criterion, while chronic inflammation post-stroke was categorized as etiological criterion. Malnutrition can be classified using thresholds for severity grading into stage 1, moderate malnutrition; and stage 2, severe malnutrition. Classification into either stage requires only one phenotypic criterion. In this context, taken in account that patient lost around 20% of body weight over a period longer than 6 months (from August, 2023 to February, 2024), it was possible to confirm that the patient was in stage 1 of malnutrition (moderate malnutrition). During the patient’s nutritional management, several diets and supplementations were implemented to adjust food intake to the patient’s nutritional requirements.

Upon initial admission to the nursing home, the diet was inadequate, since there was a deficit of 162 Kcal compared to the estimated energy needs (1,500 Kcal per day). According to Yoshimura et al. study, in older underweight stroke patients, a moderate energy surplus of 250–500 calories per day, considering factors like age and activity levels, is recommended for a safe and gradual weight gain (35).

A NEF was prescribed in addition to HLD to improve nutritional status, increasing daily calorie intake (surplus of 338 Kcal), which falls within the appropriate caloric excess range. Furthermore, the addition of the main course to the daily diet led to a surplus of 565 Kcal per day, which improved body weight (0.6 kg gain in body weight). Despite the dietary adjustments, the patient remained underweight and weak. In this context, a HEF was prescribed to increase the daily calorie intake (additional supply of 656 kcal per day) and 1 month after (April, 2024), the patient increased body weight (gain of 3.1 kg in body weight).

The following period was marked by several episodes of diarrhea that may have led to impaired intestinal absorption (36). Due to these episodes an anti-diarrheal diet was required. Despite the lower caloric value of the anti-diarrheal diet and diarrhea episodes, here was no body weight loss.

During the 10-month follow-up, the laboratory parameters were monitored. At the time of admission to the nursing home, the patient had abnormal laboratory biochemical parameters that included urea, creatinine, hemoglobin, hematocrit and C-reactive protein (CRP) values. Six months later, there was an improvement in the urea, creatinine and CRP levels, however, abnormal glucose values were detected. In the last laboratory assessment, an improvement was observed in glucose values, nonetheless, there were detected abnormal urea, creatinine, potassium and CRP values. Regarding the abnormal glucose and potassium values observed (Table 2), only one elevated glucose value and one low potassium value were observed, which did not allow any definitive conclusions to be drawn. Consistent abnormal levels or the presence of other symptoms are necessary to make further assessments.

Blood urea nitrogen (BUN) levels can be influenced by several factors, including protein intake, corticosteroid use, dehydration, and gastrointestinal bleeding. Low BUN levels may result from low protein intake or severe kidney disease (37).

The patient initially ingested approximately 8 g/day of excess protein, ensuring an adequate protein intake. All the subsequent diets continued to maintain a surplus of protein. Therefore, is unlikely that the low urea values were due to a low protein intake.

Serum creatinine (SCr) is used as an indicator of muscle mass and can be affected by altered nutritional status and the wasting of skeletal muscle mass (38).

In patients with sarcopenia there is a decrease in several metabolites including urea cycle metabolites, serum creatinine and creatinine kinase (39). According to Peng et al., a lower Blood urea nitrogen and Creatinine ratio (BUN/Cr) ratio was associated with an increased risk of both total stroke and ischemic stroke (37).

BUN and creatinine are often used together to estimate eGFR levels, indicator of renal function. Elderly people tend to have reduced muscle mass, which can lead to an overestimation of renal function (eGFR levels) (37).

The patient had sarcopenia, as evidenced by calf circumference measurement. Therefore, it is possible that the low creatinine and urea values were due to the low muscle mass.

According to World Health Organization (WHO), anemia is defined when an individual has hemoglobin levels below 13.0 g/dL in men. Throughout follow-up, the patient consistently had hemoglobin and hematocrit values below the reference values. It was also possible to classify the patient’s anemia as mild, since it did not exceed the minimum limit of 10.9 g/dL (40). Low hemoglobin and hematocrit values can be indicators of anemia and are strongly associated with poor outcome and higher mortality after acute ischemic stroke (41).

CRP is an acute-phase inflammatory protein that can increase significantly at sites of infection or inflammation, and it is a known predictor for severity and outcome in ischemic stroke (42, 43). Its levels are markedly elevated in conditions such as rheumatoid arthritis, various cardiovascular diseases and infections (42). According to Zhong et al., CRP levels in peripheral blood were significantly higher in epileptic patients compared to healthy controls, indicating a strong association between inflammation and epilepsy (44). This connection suggests that the observed elevated CRP values may be attributed to the underlying vascular epilepsy. Noonan et al. conducted a study to investigate the relationship between peripheral inflammation and depression in elderly stroke survivors 1.5 years after stroke. Although they were unable to prove this relationship, they did provide evidence of a sustained peripheral inflammatory response. This response was characterized by elevated levels of CRP and total white cell count 18 months post-stroke (45). Since there was no medical diagnosis to justify the elevated CRP values, besides vascular epilepsy, and the patients’ blood tests were conducted less than a year after the stroke, this timing might also explain why the CRP levels remained elevated for so long. Although high CRP values may be due to the medical diagnosis of vascular epilepsy or peripheral inflammatory response after stroke, we have no clinical reason to prove this.

Dysphagia, sarcopenia, and malnutrition are closely interrelated and played a critical role in this patient’s case. Post-stroke dysphagia compromised the patient’s ability to eat safely, leading to inadequate nutritional intake and subsequent malnutrition. This malnutrition further exacerbated sarcopenia, as insufficient energy and protein intake contributed to muscle mass and strength loss. Additionally, the patient’s age and comorbidities, including hypertension and vascular epilepsy, further complicated the situation, increasing vulnerability to malnutrition and sarcopenia. Nutritional intervention, including enteral feeding via PEG, was crucial to address the swallowing difficulties, improve the patient’s nutritional status, and prevent the progression of sarcopenia. This case underscores the importance of an integrated approach that considers age, comorbidities, and nutritional needs to optimize recovery and overall health.

In this case study, personalized nutritional intervention was implemented for a post-stroke patient, emphasizing the use of anthropometric and biochemical assessments to tailor protein and energy intake. The significance of the study lies in its demonstration that such individualized nutritional management, which included PEG tube placement and caloric surplus, can lead to significant improvements in body weight, muscle mass, and overall clinical outcomes for post-stroke patients.

Enteric nutrition plays a crucial role in addressing malnutrition in post-stroke, particularly because stroke patients often experience difficulties with oral intake due to dysphagia. Malnutrition can significantly impair recovery, worsen outcomes, and increase the risk of muscle wasting. Enteric nutrition provides essential nutrients directly into the gastrointestinal tract via a tube, ensuring that patients receive adequate calories and macronutrients necessary for healing and rehabilitation. Early initiation of enteric nutrition is especially important to prevent or reverse the effects of malnutrition in post-stroke patients. In this context, further studies should be conducted to compare the effectiveness of different enteral nutrition methods, such as PEG tube, nasogastric tube, and modified oral diets, in post-stroke patients with dysphagia and malnutrition over a long-term period. Additionally, we recommend investigating the progression of sarcopenia, muscle atrophy, nutritional status, and functional recovery outcomes at various stages of stroke in patients with severe dysphagia. Finally, evaluating changes in muscle mass, strength, and rehabilitation progress should also be a focus to better understand the role of protein and caloric surplus in enteral nutrition for preventing sarcopenia in post-stroke patients.

Throughout this case study, several limitations were encountered, particularly financial constraints, limited food resources and protocolised diet within the institution, and challenges related to the implemented nutritional approach, as well as the socioeconomic difficulties of the patient’s family and caregivers. Despite these challenges, early diagnosis of sarcopenia and malnutrition was achieved, and effective nutritional interventions and strategies were developed for the patient. As a result, there was an improvement in anthropometric measurements, leading to a better nutritional status.

Ultimately, regular nutritional assessments and timely dietary adjustments proved critical for improving clinical outcomes and preventing malnutrition in post-stroke patients. Additionally, effective communication among healthcare professionals was essential for providing personalized care, highlighting the importance of a multidisciplinary approach in post-stroke management.
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Objectives: Gout is associated with hyperuricemia, and serum magnesium levels are negatively correlated with uric acid levels. Magnesium intake is also associated with a reduced risk of hyperuricemia. However, the relationship between the magnesium depletion score (MDS), which represents the systemic magnesium status, and gout is unclear. This study was conducted to investigate the association between MDS and gout as well as explore the impact of dietary magnesium intake on this relationship.
Methods: We analyzed 18,039 adults with gout data who participated in the National Health and Nutrition Examination Survey between 2007 and 2016. Magnesium deficiency status was assessed using the MDS, a comprehensive scoring tool. Considering the possible effects of dietary magnesium intake, weighted multivariable logistic regression and subgroup analyses were used to assess the correlation between MDS and gout.
Results: The overall prevalence of gout among adults in the United States between 2007 and 2016 was 4.7%. After adjusting for confounders, MDS and gout risk showed a significant positive correlation. Individuals with an MDS of 2 and ≥ 3 had higher odds of gout than those with an MDS of 0 (MDS = 2, odds ratio: 1.86 [1.18–2.93], p = 0.008; MDS = 3, odds ratio: 2.17 [1.37–3.43], p = 0.001; p for trend <0.001). Dietary magnesium intake did not moderate the correlation between MDS and gout risk.
Conclusion: A positive correlation exists between magnesium deficiency, as quantified using the MDS, and gout risk among adults in the United States. Additionally, dietary magnesium intake did not alter this association.
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1 Introduction

Gout is caused by the deposition of monosodium urate crystals in non-joint and joint structures (1). This disease is characterized by severe joint pain, swelling, warmth, and functional impairment, particularly of the metatarsophalangeal joint of the big toe (2). Depending on the population studied and methodologies employed, reports on the global prevalence and incidence of gout vary widely. The prevalence of gout ranges from <1 to 6.8%, and its incidence ranges from 0.58 to 2.89 cases per 1,000 person-year (3). The prevalence and incidence of gout have increased in recent years (4–6), making it an important public health issue.

Magnesium is an essential element in the human body with a crucial role in supporting and maintaining health and life, and should be continuously replenished through dietary intake and water consumption (7). Magnesium is vital for stabilizing the tertiary structure of DNA and RNA; participating in various enzymatic reactions including energy metabolism and protein synthesis; regulating cellular Mg2+ handling; and influencing cell signaling and proliferation (8–13). However, previous research primarily focused on the effects of diet and serum magnesium on gout. Serum magnesium levels are negatively correlated with uric acid levels (14), and increased magnesium intake is associated with a reduced risk of hyperuricemia (15). Notably, serum Mg2+ levels reflect only approximately 1% of total magnesium content in the body, as most magnesium is stored in the bones, muscles, and soft tissues (7). Moreover, the magnesium content in the body is subject to dynamic fluctuations, which are primarily absorbed through the gastrointestinal tract and excreted via the kidneys (16). Therefore, serum magnesium levels may not accurately represent the overall magnesium status of the body.

The magnesium depletion score (MDS) is a comprehensive scoring tool designed to assess overall magnesium deficiency by aggregating four established risk factors and considering the pathophysiological factors that affect the renal reabsorption capacity, including proton pump inhibitor (PPI) use, diuretic use, alcohol consumption, and renal disease (17). Compared with serum magnesium, the MDS is a more sensitive and reliable measure of an individual’s magnesium deficiency or depletion status (17). Current studies indicate that MDS is significantly associated with various conditions, including systemic inflammation, cardiovascular diseases, renal diseases, metabolic syndrome, hypertension, and diabetes (17–22).

Considering that the association between MDS and gout is unclear, we performed a cross-sectional study using data from the National Health and Nutrition Examination Survey (NHANES). Our aim was to analyze the association between MDS and gout, thereby establishing a stronger link between magnesium status and gout risk, and to explore whether dietary magnesium moderates this relationship.



2 Materials and methods


2.1 Study population and design

The research data were sourced from the NHANES, conducted by the Centers for Disease Control and Prevention. The NHANES employs a robust, multistage, and stratified sampling method gathering detailed information through interviews and assessments as well as provide valuable insights into demographic and health-related factors of the United States population.

Based on the availability of MDS and gout information, 29,169 participants were initially included from five cycles of NHANES data (2007–2016). Participants who could not have their MDS determined (n = 8,776) or had missing covariates data (n = 2,354) were excluded. Ultimately, 18,039 participants were included (Figure 1).

[image: Flowchart showing participant selection for a study. Initially, 29,169 participants with gout data from NHANES 2007-2016. Excludes 8,776 participants without MDS, leaving 20,393. Further exclusion of 1,879 participants with missing covariate data results in 18,039 participants included.]

FIGURE 1
 Flowchart of participants.


This study was approved by the Research Ethics Review Committee of the National Center for Health Statistics. Each participant provided written informed consent. The NHANES dataset, along with accompanying documentation and agreements, was obtained from the website.



2.2 MDS assessment

Magnesium depletion score was calculated by summing the scores of the following entries: one point each for current use of diuretics and PPIs, one point for an estimated glomerular filtration rate of 60–90 mL/(min·1.73 m2), two points for an estimated glomerular filtration rate < 60 mL/(min·1.73 m2), and one point for heavy drinking (>2 drinks/day for men, >1 drink/day for women) (17). Using the Chronic Kidney Disease (CKD) Epidemiology Collaboration equation, serum creatinine was used to determine the estimated glomerular filtration rate (23). MDS was classified into four groups: MDS = 0, 1, 2, and ≥ 3.



2.3 Definition of gout

The presence of gout was determined through self-reported response in a medical condition questionnaire (24).



2.4 Covariate assessment

Baseline data included age, sex, race, body mass index (BMI), marital status, smoking status, educational attainment, poverty-to-income ratio, physical activity, dietary magnesium intake, and chronic conditions such as coronary heart disease, diabetes, stroke, and hypertension. Smoking status was categorized into never, former, and current smokers based on whether the participants had smoked <100 cigarettes in their lifetime and their current smoking status. Adequate physical activity was defined as: 75 min per week of vigorous-intensity aerobic activity or at least 150 min per week of moderate-intensity (25). Otherwise, physical activity was inadequate. Magnesium intake was collected from the total nutrient intake provided by the first 24-h dietary recall interview obtained from the Mobile Examination Center. Diabetes was determined by: (1) self-report or medication use; (2) HbA1c level ≥ 6.5%; (3) fasting blood sugar level ≥ 7.0 mmol/L; or (4) 2-h plasma glucose ≥200 mg/dL (26). Hypertension was determined by: (1) self-report or medication use and (2) the average of three systolic blood pressure readings ≥140 mmHg or diastolic blood pressure readings ≥90 mmHg (27). Coronary heart disease and stroke were determined based on self-reported information.



2.5 Statistical analysis

Continuous variables were presented as weighted medians and interquartile ranges or weighted means and standard deviations, whereas categorical variables were expressed as frequencies and weight percentages. To detect differences in baseline characteristics between the gout and control groups, we compared continuous variables using Student’s t-test and categorical variables using Chi-square test. Multivariable adjusted logistic regression and subgroup analyses were used to assess the relationship between MDS and gout. Confounders were selected based on previous research or a change-in-effect estimate of >10%. Three models were assessed: Model 1 was unadjusted; Model 2 included sex and age; and Model 3 was additionally adjusted for race, smoking status, educational attainment, physical activity, BMI, poverty income ratio, dietary magnesium intake, coronary heart disease, diabetes, stroke, and hypertension. All analyses took into account the complex survey design and incorporated sample weights. Sensitivity analysis was performed using complete case analysis, supplemented by multiple imputations (five iterations) to address any missing data. The results were presented as odds ratios with 95% confidence intervals (CIs). A p value <0.05 was considered to indicate statistically significant differences. All data computations were performed using R 4.2.2 and Free Statistics software version 2.0 (28).




3 Results


3.1 Baseline characteristics

In total, 18,039 participants were included in this study, with 851 and 17,188 participants in the gout and control groups, respectively. The two groups exhibited significant differences in baseline characteristics including age, sex, race, BMI, marital status, physical activity, smoking status, MDS, magnesium intake, and comorbidities (Table 1). Participants with gout were older, more likely to be male, married or living with a partner, have ever smoked, be physically active, and have a higher MDS compared with participants without gout. In addition, participants with gout had a higher risk of diabetes, stroke, hypertension, and coronary heart disease than those without gout did.



TABLE 1 Participants characteristics, weighted.
[image: A table comparing variables between groups with and without gout, highlighting factors such as age, sex, BMI, race, education, marital status, poverty ratio, physical activity, smoking status, magnesium depletion, dietary magnesium intake, hypertension, diabetes, coronary heart disease, and stroke. Significant differences (p-value < 0.001) are noted for most variables except education level and poverty income ratio.]



3.2 Relationship between MDS and gout

Table 2 shows the association between MDS and gout risk using weighted multivariable logistic regression. After adjusting for confounders, individuals with MDS 1, 2, and ≥ 3 had a 1.45- (95% CI, 0.93–2.26), 1.86- (95% CI, 1.18–2.93), and 2.17-fold (95% CI, 1.37–3.43) increased risk of gout, respectively, compared with participants with an MDS of 0 (p for trend <0.001). Thus, adults with a higher MDS were more likely to develop gout.



TABLE 2 Multivariable logistics regression analysis of the association between magnesium depletion score and gout, weighted.
[image: Table showing odds ratios (OR) and p-values for various magnesium depletion scores (MDS) across four models: Unadjusted, Model 1a, Model 2b, and Model 3c. Each model shows different levels of adjustment, with Model 3c showing an OR of 1.45 for MDS 1, 1.86 for MDS 2, and 2.17 for MDS ≥3. Trends indicate increasing ORs with higher MDS.]



3.3 Sensitivity analysis

To evaluate the stability of the association between MDS and gout within various subgroups, we conducted a subgroup analysis. Interaction tests indicated no statistically significant differences in the association between MDS and gout among different subgroups (Figure 2, p for interaction >0.05), suggesting that these factors did not significantly influence this positive association. Sensitivity analysis revealed that the relationship between MDS and gout was not significantly affected by multiple imputations of missing data (Supplementary Table S1).

[image: Forest plot showing odds ratios (OR) and confidence intervals for various subgroups based on sex, age, BMI, dietary magnesium, hypertension, diabetes, coronary heart disease, and stroke. Each subgroup includes multiple Magnesium Dietary Score (MDS) levels, with ORs and trends indicated. Blue diamonds represent the effect size, with horizontal lines showing confidence intervals. Statistical significance is assessed through P-values for trends and interactions.]

FIGURE 2
 Subgroup analyses of MDS and gout. Adjustment by sex, age, BMI, race, smoking status, education level, physical activity, poverty income ratio, dietary magnesium intake, coronary heart disease, diabetes, stroke, and hypertension.





4 Discussion

We utilized NHANES data from five cycles (2007–2016) to investigate the association between MDS and gout risk in adults in the United States. The estimated overall prevalence of gout among adults in the United States during this period was 4.7%. After adjusting for confounders, we observed a significant positive correlation between MDS and gout risk. Subgroup analysis confirmed the stability of this association. Dietary magnesium intake did not moderate the positive correlation between MDS and gout risk.

Individuals with normal serum magnesium levels may experience magnesium deficiencies and respond to supplementation (18). The magnesium tolerance test is more accurate but impractical because of the need for 24-h urine collection and intravenous infusion (29). Fan et al. developed an MDS by combining four factors (alcohol consumption, PPI use, diuretic use, and chronic kidney disease) and validated its accuracy compared with that of the magnesium tolerance test (17). The evaluated factors reduce magnesium reabsorption. Alcohol consumption leads to rapid magnesium excretion in the urine (30). Loop-blocking diuretics cause magnesium loss by altering the renin-angiotensin-aldosterone system as well as calcium and parathyroid hormone concentrations (31). PPIs reduce renal magnesium reabsorption by downregulating the activity of the epithelial magnesium channel transient receptor potential melastatin 6 (32, 33). Under certain pathological conditions such as chronic kidney disease, large changes in renal magnesium reabsorption can occur. Chronic kidney disease is associated with increased urinary magnesium excretion (16).

Magnesium has unique antioxidant and anti-inflammatory properties. Research suggests that increased dietary magnesium intake is associated with a reduced risk of hyperuricemia (34), prompting the exploration of its interaction with MDS in gout risk. Our results confirm that dietary magnesium intake does not moderate the correlation between MDS and gout incidence. This finding aligns with those of previous studies, indicating a minimal impact of dietary magnesium on the association between MDS and chronic obstructive pulmonary disease (35), congestive heart failure (36), and cardiovascular diseases (18). Our results underscore the importance of considering the systemic magnesium status in gout risk reduction. When the magnesium status is suboptimal, relying solely on dietary intake may not effectively mitigate the risk of gout, similar to in other related diseases.

Given that gout patients often present with hyperuricemia and both acute or chronic inflammation (1), we hypothesize that magnesium deficiency, as indicated by MDS, may contribute to gout development through these pathways. Firstly, magnesium is involved in a wide range of biochemical reactions, particularly intracellular phosphorylation, which is crucial for initiating DNA synthesis and cell proliferation (37, 38). Additionally, low magnesium levels can affect oxidative stress, leading to oxidative DNA modifications and impaired DNA repair (39). This may result in significant DNA damage and the release of purine nucleotides, whose catabolism ultimately produces uric acid (40). Secondly, experimental studies have shown that magnesium deficiency is associated with acute inflammatory responses mediated by calcium, N-methyl-D-aspartate, and tumor necrosis factor-alpha (41), along with increases in C-reactive protein, interleukin-6, and fibrinogen (42–44), all of which are sensitive biomarkers of inflammation. Although further mechanistic studies are needed, the available evidence partially supports the possibility of the proposed mechanism.

Our research has found that high MDS significantly increases the risk of gout among American adults. Therefore, addressing the four key factors involved in MDS—alcohol consumption, PPI use, diuretic use, and chronic kidney disease—by adopting strategies to reduce magnesium depletion could help lower the risk of gout. Specific measures include reducing alcohol intake, appropriately using PPIs and diuretics, and managing chronic kidney disease. Reducing alcohol consumption can lower urinary magnesium excretion (45); PPIs are commonly prescribed for gastrointestinal issues, but their overuse has exceeded the actual number of necessary cases (46–48); diuretics are used to manage conditions such as hypertension and heart failure, but they can also lead to magnesium loss in urine, highlighting the risk of overuse (49). Monitoring and regulating the use of PPIs and diuretics is crucial, and healthcare providers should balance the benefits of these treatments against the potential risk of magnesium depletion. Lastly, CKD is a progressive, incurable condition related to magnesium metabolism abnormalities (50). Patients with CKD need to be particularly cautious about alcohol and medication usage to avoid exacerbating magnesium depletion, which could increase the risk of gout.

This study had some limitations. First, as a cross-sectional study, it inherently cannot establish causality. Although the association between MDS and gout may be explained by hyperuricemia and inflammatory mechanisms, further mechanistic studies are required to confirm this hypothesis. Second, cross-sectional studies inherently face issues with missing data. We addressed this by performing multiple imputations for missing covariate data, and the results remained stable. Third, gout data from self-reports may have been affected by recall bias. Fourth, dietary magnesium intake was assessed through a single 24-h recall, which may not accurately reflect long-term dietary habits or magnesium status over time. Fifth, while our results are based on NHANES, which uses a complex multistage probability sampling design to obtain a nationally representative sample of non-institutionalized United States adults, the generalizability of these findings to other geographic regions or racial/ethnic groups requires further validation. Finally, although we adjusted for some confounders, other factors such as genetics, lifestyle, and environment may have influenced the results.



5 Conclusion

According to the MDS, a positive correlation exists between magnesium deficiency and gout risk among adults in the United States. Additionally, dietary magnesium intake did not alter this association.
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Introduction: Idiopathic pulmonary fibrosis (IPF) is a progressive lung disease often complicated by sarcopenia, significantly impacting patient outcomes. This study investigates the prevalence and clinical implications of sarcopenia in IPF patients using morphofunctional assessment methods.
Materials and methods: Eighty-four IPF patients (predominantly male) were evaluated for sarcopenia using the European Working Group on Sarcopenia in Older People 2 (EWGSOP2) criteria. Assessments included bioelectrical impedance vectorial analysis (Nutrilab, Akern), handgrip strength (HGS), Timed Up and Go test (TUG), and nutritional ultrasound (NU) measurements of rectus femoris and abdominal adipose tissue. Statistical analysis was performed (version 2.3.28 for macOS) to obtain sarcopenia cut-off points for the different techniques, and then the predictive capacity of these values for survival was analyzed using a Kaplan–Meier curve.
Results: Sarcopenia was prevalent in 20.2% of the cohort. Sarcopenic patients exhibited significantly lower forced vital capacity (FVC) (2,142 mL vs. 2745.6 mL, p < 0.05), higher GAP stages (p < 0.05), and worse quality of life (SGRQ impact scores: 45.2 vs. 27.5, p < 0.05). The identified cutoff values were 2.94 cm2 for RFCSA, 9.19 s for TUG, and 1.08 cm for the RF-Y-axis and body cell mass (BCM) cutoff of 25.4 kg. Kaplan–Meier analysis indicated a higher hazard ratio (HR) for mortality in sarcopenic patients. Specifically, RFCSA sarcopenia patients had a 2.37 times higher risk of events (HR = 2.37, 95% CI: 1.02–5.48, p = 0.045), and TUG sarcopenia presented a 4.89 times higher risk of adverse events (HR = 4.89, 95% CI: 1.43–16.70, p = 0.011).
Conclusion: Sarcopenia is prevalent in IPF patients and is associated with greater disease severity and reduced quality of life. RFCSA, BCM, and TUG are good predictors of sarcopenia and 12-month mortality, improving the prognostic value of classical diagnostics based on EWGSOP2 criteria. Despite limitations such as a predominantly male sample and cross-sectional design, the findings emphasize the importance of early detection and targeted interventions. Future research should focus on longitudinal studies to better understand sarcopenia progression in IPF and evaluate the efficacy of various therapeutic approaches.
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 idiopathic pulmonary fibrosis; sarcopenia; morphofunctional assessment; quality of life; mortality


Background

Idiopathic pulmonary fibrosis (IPF) is the most common chronic and progressive interstitial lung disease (ILD) with unknown etiology. IPF patients often experience a progressive loss of muscle mass and strength, a condition known as sarcopenia, which has gained increasing attention in clinical research. The condition is considered idiopathic because its exact cause is not yet fully understood, although it is thought to be due to a combination of genetic and environmental factors (1). IPF mainly affects older adults and is characterised by symptoms such as shortness of breath, dry cough and fatigue. Over time, the disease can lead to a progressive decline in lung function and, in advanced stages, can become disabling and even fatal.

Nutrition and metabolism have been the subject of extensive scientific research in chronic obstructive pulmonary disease (COPD), but clinical awareness of the impact of dietary habits, nutritional status and nutritional interventions on the incidence, progression and outcome of COPD is limited. A multidisciplinary task force was set up by the European Respiratory Society to summarise the evidence and describe current practice in nutritional assessment and therapy in COPD (2, 3).

Respiratory distress and associated dyspnoea in IPF patients, as well as the use of new anti-fibrotic treatments that cause malabsorption, can make it difficult to eat adequately, leading to insufficient caloric intake and weight loss (4). Sarcopenia, characterized by the loss of muscle mass and decline in muscle function, can significantly impact the quality of life and outcomes of idiopathic pulmonary fibrosis patients (5, 6). Assessing and monitoring sarcopenia in this patient population is essential for enhancing disease management and designing targeted interventions (7).

Morpho-functional assessment, which provides parameters from bioelectrical impedance analysis (BIVA), nutritional ultrasound or functional tests such as lifting and walking or hand grip strength, have been identified as potential predictors of sarcopenia and mortality in different pathologies (8–15). These new techniques provide more valuable information than classical measures such as Body Mass Index (BMI) to identify potential predictors of sarcopenia in this population (16, 17). Furthermore, several studies suggest that these techniques are good predictors of mortality, and sarcopenia is associated with mortality. Therefore, identifying sarcopenia in these patients would give us a prognosis for survival in this group of patients (18–21).

Expanding on this knowledge, our study seeks to delve deeper into the potential utility of these measures as predictors of sarcopenia in IPF patients. By gaining a thorough understanding of the role of these parameters, we aim to contribute to the development of more effective management strategies and improved outcomes for individuals living with this debilitating condition. This study aims to investigate the utility of these measures in detecting and monitoring sarcopenia in IPF patients.



Materials and methods


Study design

A prospective, observational bicenter study of routine clinical practice was conducted at the nutrition unit of the Endocrinology and Nutrition Unit of the Virgen de la Victoria University Hospital. Patients diagnosed with idiopathic pulmonary fibrosis at various stages were included from our hospital and the Regional University Hospital of Málaga. All patients diagnosed with idiopathic pulmonary fibrosis who were being seen in the outpatient clinics of both hospitals were assessed, and those who met the inclusion criteria were selected. The assessments were conducted in an equal manner for all patients, at the same time of day, using the same techniques, and without any influence from the evaluator, as all measurements were carried out by the same specialist. Informed consent was obtained from all participants before they joined the study, which adhered to the Declaration of Helsinki and was approved by the Ethics Committee of Málaga on 5 April 2022 (reference number 1743-N-21). All enrolled patients met the inclusion criteria for idiopathic pulmonary fibrosis and provided informed consent, while none met any exclusion criteria such as refusal to participate or inability to undergo BIVA measurement due to specific reasons like ethnicity-related factors, extensive skin lesions, fluid extravasation, local hematomas, amputation or a life expectancy fewer than three months. The patient selection process is illustrated in a flow chart diagram (Supplementary Figure S1).



Anthropometric and body composition measurements

Bioimpedance measurement, patients’ body weight and standing height were recorded. Weight was measured using a scale with 100 g sensitivity, and height was measured using a laser height rod with 2 mm sensitivity.



Bioelectrical impedance vectorial analysis (BIVA®)

Body-composition analysis was performed using a 50 kHz phase-sensitive impedance analyser (V 101 Whole Body Bioimpedance Vector Analyzer, AKERN, Florence, Italy) that delivers 800 μA using tetrapolar electrodes positioned on the right hand and foot. All BIVA measurements were obtained with the patient in a supine position on a hospital bed. To stabilize BIVA values [±2 Ω for Resistance (R) and ± 1 Ω for Xc (Reactance)], the patient remained in a supine position for five minutes before obtaining BIVA measurements, as fluid shifts occur after moving from standing to recumbency and directly affect R and Z values. BIVA measurements of patients were standardized for sex and age using data from healthy Italian adults (22). PA is expressed in degrees as arctan (Xc/R) x (180o/π). An individual standardized PA value (SPA) was determined from the sex- and age-matched reference population value by subtracting the reference PA value from the observed patient PA value and dividing the result by the respective age- and sex-reference standard deviation (SD). The technical accuracy of the BIVA instrument was daily assessed using a precision circuit supplied by the BIVA device manufacturer (AKERN, Florence, Italy). All measured R and Xc values were consistently ±1 Ω of the 385 Ohm reference value. In vivo reproducibility of the BIVA measurements was also determined, with coefficients of variation (CV) of 1–2% for R and Xc (16, 23).



Nutritional ultrasound (NU®)

Ultrasound measurements of the unilateral (right) rectus femoris were performed at the reference centre by an experienced medical sonographer, blinded to clinical data and other results of the nutritional assessment, using a commercially available portable ultrasound system with a 4–10 cm linear tube (Mindray Z60, Madrid, Spain). Abdominal and anterior thigh muscle measurements were performed with the patient in the supine position with knees extended and relaxed. A 7.5–10 kHz linear ultrasound probe was used. The acquisition site was located two-thirds of the way along the femur, measured between the anterior superior iliac spine and the upper edge of the patella. The transducer was placed perpendicular to the long axis of the femur, with excessive use of contact gel and minimal pressure to avoid muscle compression. All parameters were taken as the average of three consecutive measurements in the dominant leg. We measured the transversal axis of the cross-sectional area (CSA) in cm2; the X and Y axes in cm, which corresponded to the linear measurement of the distance between the muscle limits of the rectus femoris (lateral and anteroposterior); the X/Y axis ratio; and the total adipose tissue in cm.

A trained physician performed the ultrasound with the probe perpendicular to the longitudinal and transverse axes of the RF. The main parameters measured were rectus femoris cross-sectional area (RF-CSA), rectus femoris circumference (RF-CIR) and leg subcutaneous adipose tissue (L-SAT). Each parameter was measured three times and the mean was calculated.

For the assessment of abdominal adipose tissue, measurements were taken at the midpoint between the xiphoid appendage and the umbilicus. This included total subcutaneous abdominal fat (T-SAT), superficial subcutaneous abdominal fat (S-SAT) and visceral fat (VAT), all measured in centimeters.



Functional assessment

Handgrip strength (HGS) was measured using a JAMAR hand dynamometer (Asimow Engineering Co., Los Angeles, CA, United States). Grip strength was determined in a seated position with the elbow flexed at 90 degrees in the dominant hand. Patients were instructed to perform three maximal isometric contractions with brief pauses between measurements, and the median value was recorded. Test Up and Go was selected to evaluate functional capacity. Walk 3 was performed with the patient seated in a chair. The time taken to get up, walk 3 meters, turn around, walk another 3 meters, and sit back down was measured in seconds. All patients underwent spirometry, lung volume, and diffusion capacity testing at the Pulmonary Function testing lab at the time of enrollment, and at 6 and 12-month follow-up. St. George’s Respiratory Questionnaire (SGRQ) was administered that assesses three components—Symptoms, Activity, and impact on daily life. Enrollment Measures of FVC, DLCO, SGRQ are considered the baseline value.



Clinical outcomes: assessment of sarcopenia and mortality

Probable sarcopenia and sarcopenia were diagnosed according to EWGSOP2 (European Working Group on Sarcopenia in Older People 2); i.e. a HGS <16 kg for women and < 27 kg for men, indicated probable sarcopenia. When combined with low muscle mass; i.e. ASMM<20 kg for men and ASM < 15 kg for women or < ASMI <5.5 kg/m2 for women and < 7.0 kg/m2 for men (measured by BIVA) the diagnosis of sarcopenia was confirmed here denoted sarcopenia-BIVA (24).

Mortality was defined as death from all causes up to 35 months after the first assessment of the patient. However, for the purpose of the survival curves, the first year of follow-up was considered to evaluate the effect of mortality across the different techniques used in the study.



Statistical analyses

Data analysis was primarily conducted using the JAMOVI software (version 2.3.28 for macOS). The findings are displayed as the mean ± standard deviation for continuous variables and in numbers (percentages) for categorical variables. A Student t-test or Wilcoxon test was executed based on the normality of the variables examined in this research. Pearson correlation coefficients were employed to assess relationships between variables. Statistical significance was established at a threshold of p < 0.05, with significance determined using either a p < 0.05 test or the Chi-squared test.

The evaluation of the predictive property of muscle mass variables was based on the receiver operating characteristic curve (ROC) and AUC (area under the curve). The diagnostic accuracy of RF-CSA, RF-Y-Axis, BCM, timed up and go test (TUG) and Forced Vital Capacity (FCV) in predicting sarcopenia was assessed using receiver operating characteristic curves and the area under the curve. Sensitivity versus specificity plots were used to calculate AUC values for each measurement. Optimal cut-off values were determined by identifying the point where sensitivity and specificity converge.

Lineal and logistic regression analysis was utilized in this research. The binomial logistic regression analysis yielded the odds ratio along with 95% confidence intervals. To determine 12-month survival probabilities, we used the Kaplan–Meier estimator. The cut-off point from the ROC curve for predicting sarcopenia was applied to assess the risk of mortality related to sarcopenia. This approach also helped evaluate differences in sarcopenia rates based on BIVA, NU, and functional test cut-off values. Kaplan–Meier survival curves were compared using the log-rank test to identify significant differences, with p < 0.05 considered statistically significant.




Results


Characteristics of the patient

In our study, we examined a cohort of 84 individuals, with a gender imbalance noted in the composition of the participants: a predominant 83.5% (71 individuals) and a mean age of 71.0 years (7.22 years). Table 1 presents a comparative analysis of Demographic and anthropometric variables between sarcopenic and non-sarcopenic patients with idiopathic pulmonary fibrosis diagnosis.



TABLE 1 Comparison in demographic and anthropometric characteristics between sarcopenic and non-sarcopenic at IPF diagnosis.
[image: A table comparing demographic, anthropometric, BIVA, echography, and functional measurement variables between non-sarcopenic and sarcopenic groups among 84 participants. It includes values for age, gender, BMI, weight, various body and cell mass indexes, muscle area, and other health indicators. Significant differences between the groups are noted with asterisks, indicating statistical relevance. The table highlights variances in muscle mass and strength, among other metrics.]

The data show that sarcopenic patients were older on average compared to non-sarcopenic patients (74.3 years vs. 70.2 years, p < 0.05). A higher proportion of the total and non-sarcopenic groups were male, and a higher proportion of sarcopenic were female. BMI did not differ significantly between groups, suggesting that BMI alone may not be a reliable indicator of sarcopenia in patients with IPF (p value <0.466). The non-sarcopenic patients weighed more on average compared to sarcopenic patients (80.5 kg vs. 73.6 kg).

The study also analyzed bioelectrical impedance variables, nutritional variables, and body composition measurements, resulting in the following significant findings: The non-sarcopenic IPF patients had higher nutritional measurements compared to sarcopenic patients (790 vs. 648, p < 0.05), Non-sarcopenic patients exhibited a higher BCM (body mass cell) and BCMI (body mass cell index) compared to sarcopenic patients. Both indices were significantly different between the groups, with sarcopenic patients having lower FFMI (fat free mass index), SMI (squeletal mass index) and ASMI (appendicular squeletal mass index) and higher FMI (fat mass index), p < 0.05.



Comparison in clinicopathological variables between sarcopenic and non-sarcopenic

The Table 2 provides a comparison of clinical pathological variables between non-sarcopenic and sarcopenic patients in the context of IPF. There was no statistical difference in the distribution of treatments between the groups, with Ofev and Pirfenidone being the primary treatments. The mean FCV (ml) value was 2,620 in total, significantly higher in non-sarcopenic (2745.6) compared to sarcopenic (2142), with a p-value of <0.05**, indicating significant differences. The St. George’s Respiratory Questionnaire was used to measure symptoms and impairment. Sarcopenic patients reported higher impairment compared to non-sarcopenic patients (p < 0.05). When assessed with the Subjective Global Assessment (SGA) and the Global Leadership Initiative on Malnutrition criteria (GLIM), no significant differences were observed with SGA, while with GLIM, sarcopenic patients had a higher risk of malnutrition compared to non-sarcopenic patients (p < 0.05). There was a non-significant trend towards higher mortality rates among non-sarcopenic patients (p = 0.106).



TABLE 2 Comparison in clinicopathological and malnutrition variables between sarcopenic and non-sarcopenic at IPF diagnosis.
[image: A table compares clinicopathological variables between non-sarcopenic and sarcopenic groups. Variables include respiratory treatment, GAP stage and score, DLCO, KCO, FCV, SGRQ scores, malnutrition risk, and mortality. The p-values indicate statistical significance, with certain parameters marked as significant. Data is expressed as mean ± standard deviations or percentage. Groups are distinguished by differences in means and percentages, highlighting key clinical differences such as GAP stage and FCV.]



Correlation analysis between muscle measures: BIVA, NU and functional test (HGS and TUG) with sarcopenia

The correlation matrix (Figure 1) shows significant negative correlations between sarcopenia and handgrip strength (HGS) (r = −0.653, p < 0.001), body cell mass (BCM) (r = −0.433, p < 0.001), appendicular skeletal muscle mass (ASMM) (r = −0.509, p < 0.001), and rectus femoris cross-sectional area (RF-CSA) (r = −0.451, p < 0.001). This indicates that as sarcopenia severity increases, these muscle mass and strength parameters decrease.

[image: Correlation matrix heatmap showing Pearson correlation coefficients between variables including TUG, HGS, RF-Y Axis, RF-CSA, ASMM, BCM, and Sarcopenia. The color ranges from red for negative correlation to green for positive correlation. Key pairings indicate strong correlations, such as a positive 0.85 between ASMM and BCM, and negative -0.65 between Sarcopenia and HGS.]

FIGURE 1
 Heatmap correlation plots are presented to show association between body composition (BIVA, NU, and functional tests) with sarcopenia of all participants. ASMM: appendicular squeletal mass muscle; Pha: Phase angle; BCM: Body cell mass; RF-CSA: rectus femoris cross sectional area; RF-Y-Axis: rectus femoris Y axis, HGS: Hang grip strength; TUG: up and go test.


HGS shows strong positive correlations with BCM (r = 0.638, p < 0.001), ASMM (r = 0.619, p < 0.001), and RF-CSA (r = 0.508, p < 0.001), suggesting that greater handgrip strength is associated with higher muscle mass.

The rectus femoris Y-axis (RF-Y-Axis) is positively correlated with BCM (r = 0.606, p < 0.001), ASMM (r = 0.585, p < 0.001). The rectus femoris cross-sectional area (RF-CSA) shows strong positive correlations with handgrip strength (r = 0.508, p < 0.001), body cell mass (BCM) (r = 0.643, p < 0.001), and appendicular skeletal muscle mass (ASMM) (r = 0.581, p < 0.001). These correlations indicate that RF-CSA is a reliable indicator of muscle mass and strength, making it valuable for assessing sarcopenia in patients.

Additionally, TUG is negatively correlated with HGS (r = −0.402, p < 0.001), BCM (r = −0.344, p = 0.001), and RF-CSA (r = −0.398, p < 0.001), showing that poorer TUG performance is associated with lower muscle mass and strength.



Cut-off points of morphofunctional parameters: bioelectrical, ultrasound and functional in sarcopenia prediction in patients with IPF

We have further explored the predictive power of various nutritional assessment methods regarding sarcopenia in patients with IPF (Table 3). The BMI presented a cut-off value of 29.1 kg/m2, but exhibited a moderate AUC of 0.559, suggesting limited predictive value (sensitivity and specificity at 47.06 and 68.66% respectively, p < 0.05).



TABLE 3 Predictive value of nutritional assessment methods on sarcopenia in patients with idiopathic pulmonary patients.
[image: Table displaying various parameters relevant to nutritional assessment and pulmonary function. Columns include variables, cut-off values, AUC, sensitivity, specificity, and p values, with categories such as BIVA, nutritional ultrasound, functional test, and pulmonary function. Specific data points are given for body cell mass, rectus femoris cross-sectional area, and more, all showing significant p values less than 0.05.]

BCM, on the other hand, had a cut-off of 25.4 kg, with a significantly higher AUC of 0.822, indicating a strong predictive ability (Sensitivity and specificity 61.19 and 94.12% respectively, p < 0.05), shows in Figure 2.

[image: Two ROC curve graphs:  A) Displays a blue line for TUG with sensitivity vs. 1 - specificity.   B) Shows four lines: blue for BCM, gray for FCV_basal, yellow for RF-CSA, and green for RF-Y Axis, comparing sensitivity vs. 1 - specificity.]

FIGURE 2
 Comparative analysis of ROC curve for variables associated with sarcopenia. (A) ROC curve for TUG with established cut-off point. (B) ROC curves for other variables including BCM, FCW_basal, RF-CSA, and RF-Y Axis, with established cut-off points.


In the field of NU, the RF-CSA showed a cut-off of 2.94 cm2 and an AUC of 0.833, highlighting its robust predictive capability (sensitivity and specificity were marked at 75.76 and 88.24%, with a highly significant p-value). The RF-Y-Axis variable presented a cut-off at 1.08 cm and an AUC of 0.730 (sensitivity and specificity of 60.61 and 82.35%, p < 0.05).

Functional tests represented by the TUG exhibited a cut-off of 9.19 s and an AUC of 0.714 (sensitivity of 47.06% specificity of 87.69%, p < 0.05). For pulmonary function, the Forced Vital Capacity (FCV) with a cut-off of 2,500 mL shows an AUC of 0.722, sensitivity of 61.02%, and specificity of 65.47%, indicating moderate predictive ability, with a p-value of <0.05.

The binomial logistic regression analysis identified significant predictors of sarcopenia in patients with idiopathic pulmonary disease. The model demonstrated good fit with a deviance of 54.0 and an AIC of 64.0, explaining approximately 35.9% of the variance (McFadden’s R2). RF-CSA (Estimate = −1.3593, SE = 0.5989, p = 0.023, OR = 0.257, 95% CI [0.0794, 0.831]) and BCM (Estimate = −0.2230, SE = 0.1030, p = 0.030, OR = 0.800, 95% CI [0.6539, 0.979]) were significant predictors, indicating that higher values of these variables reduce the odds of sarcopenia. Age was not a significant predictor (Estimate = 0.0175, SE = 0.0557, p = 0.754, OR = 1.018, 95% CI [0.9123, 1.135]). BMI (obesity) was marginally significant (Estimate = 1.5040, SE = 0.8586, p = 0.080, OR = 4.500, 95% CI [0.8363, 24.212]), suggesting a potential increase in sarcopenia odds with higher BMI. Collinearity diagnostics indicated no significant multicollinearity among the predictors, with VIF values close to 1. The model’s overall accuracy was 81.9%, with a specificity of 92.4% and a sensitivity of 41.2%. The AUC of 0.890 indicates good discriminatory ability (Table 4).



TABLE 4 Model coefficients on sarcopenia in patients with idiopathic pulmonary patients.
[image: Table displaying statistical results including predictor estimates, standard error (SE), Z values, P values, and odds ratio with lower and upper 95% confidence intervals. The variables include Intercept, RF-CSA, BCM, Age, and BMI-Obesity. Notable findings are the significant P values for RF-CSA (0.023) and BCM (0.030), indicating relevance. The odds ratios indicate the likelihoods associated with these variables relating to the log odds of sarcopenia presence ("Sarcopenia = 1"). Definitions: BCM is body cell mass, RF-CSA is rectus femoris cross-sectional area, BMI is body mass index.]



Kaplan–Meier survival curve of 12 month-mortality in IPF patients with sarcopenia and morphofunctional assessment techniques

For idiopathic pulmonary fibrosis patients in the study, sarcopenia as measured by body composition markers and body mass index exhibited varying impacts on survival.

The survival analysis indicated that patients with RF-CSA Non-Sarcopenia had a 74% 12-month survival rate compared to 96% for those with RF-CSA Sarcopenia, with median survival times of at least 35.3 months and 18.1 months, respectively (Figure 3). The Cox regression analysis showed that RF-CSA Sarcopenia patients had a 2.37 times higher risk of an event (HR = 2.37, 95% CI: 1.02–5.48, p = 0.045) (Table 5).

[image: Kaplan-Meier survival curves for sarcopenia with three panels. Panel A compares RFCSA groups, showing a significant difference with a p-value of 0.038. Panel B displays RF_Y_Axis groups, with a p-value of 0.026. Panel C presents TUG groups, showing a p-value of 0.0051. Legends indicate lines for different sarcopenia states, and tables beneath each graph show numbers at risk over 12 months.]

FIGURE 3
 Kaplan–Meier curves for the variables included in the study. (A) Kaplan- Meier curve RF-CSA Sarcopenia. (B) Kaplan–Meier curve RF-Y-Axis sarcopenia; (C) Kaplan–Meier curve TUG sarcopenia. RF-CSA: rectus femoris cross sectional area; RF-Y-Axis: rectus femoris Y axis, TUG: up and go test.




TABLE 5 Univariable analysis of survival and hazard ratios for sarcopenia across different variables at 12 months in patients with idiopathic pulmonary patients.
[image: Table comparing sarcopenia and non-sarcopenia groups for three variables: RFCSA, RF Y Axis, and TUG. Displays total subjects, hazard ratio (HR), 95% confidence interval, p-value, time in months, survival percentage, and survival confidence interval. Notable findings include higher HR and lower survival in sarcopenia groups across all variables.]

When RF-Y-Axis Sarcopenia was present, there was a 2.67 times higher risk of adverse events (HR = 2.67, 95% CI: 1.09–6.55, p = 0.032). The 12-month survival rate was 95% for patients without sarcopenia, compared to 80% for those with sarcopenia.

Lastly, we observe the analysis for TUG sarcopenia. When TUG Sarcopenia is present, there is a 4.89 times higher risk of adverse events (HR = 4.89, 95% CI: 1.43–16.70, p = 0.011). The 12-month survival rate is 100% for patients without sarcopenia, compared to 83% for those with sarcopenia.




Discussion

The results presented in this study provide a comprehensive insight into the prevalence and impact of sarcopenia in patients with idiopathic pulmonary fibrosis (IPF). Using the European Working Group on Sarcopenia in Older People 2 (EWGSOP2) criteria to determine sarcopenia, it has been demonstrated through a detailed analysis of clinicopathological variables that sarcopenia is not only common in this population but is also associated with greater disease severity and worse clinical outcomes. Specifically, the functional and nutritional evaluation of these patients revealed significant differences between those with and without sarcopenia, including the determination of cutoff values for rectus femoris cross-sectional area (RF-CSA) and Timed Up and Go (TUG) test. These findings highlight the importance of early detection and management of this condition to improve quality of life and potentially long-term outcomes in patients with IPF.

In this study, sarcopenia was identified in 20.2% of the cohort. This prevalence is consistent with findings from previous research (5) reported a sarcopenia prevalence of 22.9% in a similar IPF cohort, indicating that our results are in line with existing literature. However, Ohkubo et al. (25, 26) found a higher prevalence of 31.9% in their study, suggesting variability depending on the population and diagnostic criteria used.

The distribution of respiratory treatments (Ofev and Pirfenidone) did not differ significantly between sarcopenic and non-sarcopenic patients in our study (p = 0.830). This is consistent with previous findings, indicating that the choice of antifibrotic therapy may not directly influence the prevalence of sarcopenia (26) also found no significant differences in treatment distribution, suggesting that sarcopenia in IPF is independent of specific pharmacological interventions. However, the treatment of sarcopenia is crucial for patients with pulmonary fibrosis, as nintedanib has been shown in various studies to decrease appetite (27, 28) Additionally, it is now approved for progressive pulmonary fibrosis, making it a common treatment for most of these patients. Therefore, it is essential to pay special attention to the side effects and their impact on sarcopenia in patients with idiopathic pulmonary fibrosis.

Our study not found that sarcopenic patients had higher GAP stages. This differs with the findings of Faverio et al. (5) who reported that higher disease severity, as measured by the GAP index, was associated with sarcopenia. Additionally, we observed that forced vital capacity (FVC) was significantly lower in sarcopenic patients (2,142 mL) compared to non-sarcopenic patients (2745.6 mL), with a p-value of <0.05. This significant reduction in lung function in sarcopenic patients is consistent with previous studies (7, 29), emphasizing the impact of muscle wasting on respiratory capacity.

The nutritional assessment using GLIM criteria revealed significant differences, with a higher proportion of sarcopenic patients being at nutritional risk (p < 0.05). This is consistent with the findings of other articules, who reported that malnutrition (30, 31) and sarcopenia (6, 24) often coexist in chronic diseases, exacerbating overall morbidity. Our study also aligns with Faverio et al. (5) who found that malnutrition, assessed through various criteria, was more prevalent in sarcopenic IPF patients.

We identified the cut-off values for all parameters of BIVA, NU and functional test, comparing our findings with the DRECO study by de Luis Roman et al. (15) which assessed ultrasound cut-off values for rectus femoris in patients at nutritional risk, we find some parallels and distinctions. The DRECO study reported cut-off values ranging from 2.40 cm2 to 3.66 cm2 for the RF-CSA, which is in line with our RF-CSA cutoff of 2.94 cm2. However, the DRECO study’s context of hospitalized patients at nutritional risk differs from our cohort of IPF patients, highlighting the broader applicability of our findings specifically to IPF management.

Point-of-care ultrasonography (POCUS) has emerged as an invaluable tool enables clinicians to perform rapid, bedside evaluations of muscle mass and other parameters without the need for specialized radiology departments, thereby streamlining the diagnostic process and reducing healthcare costs. Studies have demonstrated that POCUS is highly effective in diagnosing a variety of conditions, with the added benefit of integrating sonographic findings with clinical examination at the patient’s bedside (32). This integration enhances the diagnostic accuracy and facilitates timely interventions, making POCUS an essential component of the morphofunctional assessment in sarcopenia.

In a recent study by Fujita et al. (33) on patients with IPF and sarcopenia, it was similarly found that sarcopenia is significantly associated with poorer physical performance and reduced quality of life. Their study identified that the distance covered in the six-minute walk test (6MWD) is an independent factor associated with sarcopenia, whereas our results demonstrated a significant correlation between sarcopenia and other functional tests, such as HGS and the TUG. Both our study and Fujita et al.’s highlight that patients with sarcopenia have lower scores on the St. George’s Respiratory Questionnaire (SGRQ), underscoring the negative impact of sarcopenia on the overall well-being of IPF patients.

Moreover, studies focusing on patients with COPD (34) have shown that the TUG test demonstrates good sensitivity and specificity in identifying patients with reduced exercise capacity, as measured by the 6MWT, with TUG times over 11 s indicating poor functional capacity. Improvements in TUG time were also significantly correlated with enhancements in 6MWD following pulmonary rehabilitation, further supporting the use of TUG as a valuable functional assessment tool in IPF patients. These findings collectively underscore the importance of comprehensive assessments that include not only muscle mass evaluation but also physical performance and emotional well-being in IPF patients, reinforcing the relevance of incorporating TUG into the clinical assessment of sarcopenia and its utility in predicting clinical outcomes in patients with chronic diseases (35, 36). The simplicity and effectiveness of the TUG make it an ideal tool for routine clinical practice, especially in settings with limited time and space, distinguishing it from the 6MWD.

In light of the growing recognition of sarcopenia as a critical factor in chronic diseases, the search for clinically applicable markers has intensified. A large-scale study conducted in the USA involving 11,761 participants identified elevated red cell distribution width (RDW) as a potential marker associated with sarcopenia. This finding has spurred further research in chronic lung diseases, where increased RDW has been linked to poor prognosis in idiopathic pulmonary fibrosis (IPF) and other chronic lung conditions (37–39). These results underscore the importance of identifying reliable and easily measurable biomarkers like RDW to enhance the clinical management of sarcopenia in patients with IPF, further supporting the integration of such markers into routine clinical practice for better prognostic assessment and individualized treatment strategies.

In summary, the integration of RFCSA and TUG test into routine assessments for IPF patients provides a comprehensive view of both muscle mass and functional mobility. These measures are crucial for early identification of sarcopenia and the implementation of targeted interventions. For example, resistance training programs aimed at increasing muscle mass and strength could be tailored based on RFCSA measurements. Similarly, rehabilitation programs focusing on improving mobility and reducing fall risk could be designed using TUG test results.

Although the difference in mortality between sarcopenic and non-sarcopenic patients was not statistically significant in our study (p = 0.106), likely due to the small number of sarcopenic patients, previous studies, such as those by Faverio et al. (5) and Ohkubo et al. (7, 40), did report higher mortality rates among sarcopenic patients, suggesting that sarcopenia may be a prognostic marker of poor outcomes in IPF.

This study has some limitations, despite its relatively small sample size and cross-sectional design, provides valuable insights into the prevalence and impact of sarcopenia in patients with idiopathic pulmonary fibrosis (IPF). Conducted at a bicenter with a predominantly male population, which is typical for IPF but may limit the generalizability of the results, the research might have limited applicability to a more diverse population. Additionally, while established methods like bioelectrical impedance analysis (BIVA) and handgrip strength (HGS) were employed, potential confounding factors and measurement inconsistencies were not fully accounted for. However, the study’s comprehensive approach, including the use of multiple diagnostic criteria (EWGSOP2), functional tests (HGS, TUG), and imaging techniques (RF-CSA), enhances the reliability of the findings.

The results align with existing literature, emphasizing the clinical relevance of early detection and management of sarcopenia in IPF. The identification of cut-off values for RF-CSA and TUG provides practical tools for clinicians, and the multifaceted assessment offers a holistic view of patient health, highlighting the need for interventions addressing both muscle mass and function. Future research should build on these strengths while addressing the study’s limitations to further advance the understanding of sarcopenia in chronic respiratory diseases.



Conclusion

In conclusion, our study suggests that sarcopenia, specifically as measured through morphological muscle techniques such as the RF-CSA (NU) and functional tests as the TUG, are valuable predictors of survival in patients with idiopathic pulmonary fibrosis. These findings highlight the importance of considering muscle mass and function in the management and prognosis of IPF patients. Moreover, the presence of sarcopenia may indicate a broader deterioration in these patients, impacting their quality of life, respiratory function and mortality. The morphofunctional assessments are feasible techniques and can provide valuable information in clinical evaluation and therapeutic decision-making for IPF patients.
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Identification of key factors for malnutrition diagnosis in chronic gastrointestinal diseases using machine learning underscores the importance of GLIM criteria as well as additional parameters
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Introduction: Disease-related malnutrition is common but often underdiagnosed in patients with chronic gastrointestinal diseases, such as liver cirrhosis, short bowel and intestinal insufficiency, and chronic pancreatitis. To improve malnutrition diagnosis in these patients, an evaluation of the current Global Leadership Initiative on Malnutrition (GLIM) diagnostic criteria, and possibly the implementation of additional criteria, is needed.
Aim: This study aimed to identify previously unknown and potentially specific features of malnutrition in patients with different chronic gastrointestinal diseases and to validate the relevance of the GLIM criteria for clinical practice using machine learning (ML).
Methods: Between 10/2018 and 09/2021, n = 314 patients and controls were prospectively enrolled in a cross-sectional study. A total of n = 230 features (anthropometric data, body composition, handgrip strength, gait speed, laboratory values, dietary habits, physical activity, mental health) were recorded. After data preprocessing (cleaning, feature exploration, imputation of missing data), n = 135 features were included in the ML analyses. Supervised ML models were used to classify malnutrition, and key features were identified using SHapley Additive exPlanations (SHAP).
Results: Supervised ML effectively classified malnourished versus non-malnourished patients and controls. Excluding the existing GLIM criteria and malnutrition risk reduced model performance (sensitivity -19%, specificity -8%, F1-score -10%), highlighting their significance. Besides some GLIM criteria (weight loss, reduced food intake, disease/inflammation), additional anthropometric (hip and upper arm circumference), body composition (phase angle, SMMI), and laboratory markers (albumin, pseudocholinesterase, prealbumin) were key features for malnutrition classification.
Conclusion: ML analysis confirmed the clinical applicability of the current GLIM criteria and identified additional features that may improve malnutrition diagnosis and understanding of the pathophysiology of malnutrition in chronic gastrointestinal diseases.
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Introduction

Disease-related malnutrition is a common but often underestimated complication in hospitalized patients with a particularly high prevalence of more than 30% in gastrointestinal diseases (1). Major factors leading to disease-related malnutrition include decreased food intake despite increased energy and protein requirements, and stress-induced catabolism due to inflammation (2). Disease-related malnutrition increases the risk of infections, organ dysfunction, and impaired healing resulting in prolonged hospitalization, decreased functional status, impaired quality of life, and ultimately increased morbidity and mortality (2, 3). Therefore, the early detection and treatment of malnutrition is of great importance but requires effective diagnostic markers and a better understanding of its underlying mechanisms.

The Global Leadership Initiative on Malnutrition (GLIM) has defined an algorithm for the operational diagnosis of malnutrition. First, the risk of malnutrition should be determined using validated tools, such as the Nutritional Risk Screening 2002 (NRS2002), the Malnutrition Universal Screening Tool (MUST), or the Royal Free Hospital-Nutritional Prioritizing Tool (RFH-NPT) (4–6). In the case of a positive risk screening, malnutrition is diagnosed according to GLIM by combining at least one phenotypic criterion (unintentional weight loss, low body mass index (BMI), or reduced muscle mass) with at least one etiological criterion (reduced food intake/malabsorption or disease burden accompanied by some degree of inflammation) (7). However, malnutrition often goes unrecognized due to a lack of awareness, knowledge, clinical protocols and equipment, or because disease-related difficulties complicate diagnostic assessment (8).

Some gastrointestinal diseases may further limit the practical applicability of the GLIM criteria. Patients with chronic diseases of the liver, intestine, and pancreas are often malnourished due to the interrelated functions of these organs in digestion, nutrient absorption, and synthesis of major plasma proteins. Up to 60% of patients with advanced chronic liver disease are malnourished (9, 10). However, overhydration in liver cirrhosis (LC), i.e., edema and ascites, masks weight loss, and distorts BMI and body composition measurements potentially leading to an underestimation of the malnutrition diagnosis. Short bowel syndrome is the result of extensive intestinal loss and the resulting insufficient absorptive capacity for water, electrolytes, and nutrients (11). Malnutrition has been reported in more than 50% of patients with short bowel and intestinal insufficiency (SB/II) (10, 12). However, dehydration, malabsorption, and/or hyperphagia are common in these patients, further complicating nutritional assessment (13). Malnutrition is also common in patients with chronic pancreatitis (CP) due to exocrine and endocrine insufficiency. We recently reported a malnutrition prevalence of 64%, mainly characterized by loss of skeletal muscle mass although this condition becomes apparent only in advanced stages (14). Therefore, an evaluation of the current diagnostic criteria and possibly the implementation of additional criteria is needed for a reliable and clinically applicable assessment of malnutrition in patients with different chronic gastrointestinal diseases.

In this context, state-of-the-art in silico data analysis could be helpful for the early detection of malnutrition. The use of Machine Learning (ML) in biomedical research has increased in recent years, not only because of the increasing size and complexity of biomedical data. By fitting predictive models to data and applying feature prioritization and explainability techniques to the fitted model, supervised ML can help to understand the association of various biological and clinical factors (ML features) with diseases/phenotypes (ML labels), thereby deepening the understanding of biomedical data and underlying biological processes (15). In addition, unsupervised ML can identify patterns in unlabeled data sets and therefore may recognize previously undetected clusters in larger data sets such as different patient groups (16). Finally, decision trees are a helpful tool for identifying decision rules based on identified features and cut-off values, allowing the transition of ML-driven decision making into practice (15).

In the present study, we analyzed comprehensive data sets of patients with different chronic gastrointestinal diseases (LC, SB/II, and CP) and two control groups using ML to identify previously unknown and potentially specific features of their malnutrition and to validate the relevance of the GLIM criteria for clinical practice.



Materials and methods


Declarations about the data

This study was conducted as part of the collaborative EnErGie project (ESF/14-BM-A55-0007/18). Data were collected between 10/2018 and 09/2021 from the cross-sectional EnErGie study. The study was approved by the institutional review board of the Rostock University Medical Center (A2018-0129) and registered in the Clinical Trials Register (NTC04474743) and the German Clinical Trials Register (DRKS00021124). All patients provided written informed consent. All examinations were performed by trained study personnel.

An overview of the data processing described in detail below is shown in Figure 1.

[image: Clinical data flow diagram from a study, showing steps: Clinical data collection, Data Preprocessing, Machine Learning, and Key features for Malnutrition. Describes patients and data details, preprocessing steps, learning methods, outcomes, and study impact.]

FIGURE 1
 Overview of the data processing. LC, liver cirrhosis; CP, chronic pancreatitis; SB/II, short bowel/intestinal insufficiency; SHAP, SHapley Additive exPlanations; UMAP, uniform manifold approximation and projection.




Curation of the clinical data set

A total of n = 314 subjects were enrolled, including patients with chronic gastrointestinal diseases (LC, CP, SB/II), as well as patients referred for subacute non-specific complaints (control patients (controls)), and healthy controls (HC). All participants were at least 18 years of age. Individuals were excluded from the study if any of the following criteria were met: any parenteral nutrition in the past 6 months, ongoing nutritional intervention (oral nutritional supplements, enteral or parenteral nutrition) for >7 days, trans-jugular intrahepatic portosystemic shunt (TIPS), previous liver transplantation, acute phase of intestinal insufficiency (<28 days after bowel resection), pregnancy/breastfeeding period, pacemaker/implanted defibrillator, malignancy in the past 3 years, and insufficient ability to answer questionnaires.

Patient data were obtained from the medical records and by interview. Anthropometric data, body composition [by bioelectrical impedance analysis (BIA)], muscle strength (by measurement of maximal handgrip strength) and muscle function (by measurement of gait speed), and blood parameters were determined. Disease severity was documented for LC patients (Child-Pugh Score) and CP patients (Chronic Pancreatitis Prognosis Score, COPPS). In addition, questionnaires on diet quality and frequency [“Studie zur Gesundheit Erwachsener in Deutschland (DEGS),” Study of Health in Pomerania (SHIP)], physical activity [International Physical Activity Questionnaire (IPAQ)], and mental health (Hospital Anxiety and Depression Scale (HADS), Fatigue Severity Scale (FSS), de Jong Gierveld and van Tilburg Scale) were applied.

Malnutrition risk was assessed by NRS-2002 or RFH-NPT (the latter in LC patients), and malnutrition was diagnosed using the GLIM algorithm (7). Briefly, the diagnosis of malnutrition requires the presence of at least one phenotypic [unintentional weight loss, low BMI, reduced fat-free mass index (FFMI)] and one etiologic criterion (reduced food intake or malabsorption, disease burden accompanied by some degree of inflammation). The criteria were applied as described previously (10). C-reactive protein (CRP) of >5 mg/l was used as a proxy for inflammation. A total of n = 230 variables (hereafter referred to as features) were recorded (Supplementary Table S1).



Data preprocessing

As reviewed in detail by Fan et al., data preprocessing is necessary to handle irregular, noisy, and missing data in biomedical data sets (17). Initial data cleaning measures included verification, de-duplication, reformatting, and standardization of the data points (Figure 1).

Since most ML models can only handle numerical values, it is necessary to convert categorical features into numerical representations (encoding). For example, binary features with categories no/false and yes/true were encoded as 0 and 1, respectively. Other features with more than two or with more complex categories were encoded using ordinal encoding, where each category is assigned to a unique numerical value.

Further preprocessing included feature exploration and exclusion of features with high number of missing values, redundancy, high variance, and high correlation between the features. Missing values were imputed using the mean or most common value for continuous or categorical features, respectively, across all patients with the same sex and chronic gastrointestinal disease. Finally, n = 135 of the original n = 230 features were selected for further analyses (see Supplementary Table S1).



Supervised machine learning

In order to identify the key features that are most important for the diagnosis of malnutrition, we investigated the contribution of the selected features to the classification of non-malnourished versus malnourished. The GLIM diagnosis was used as the label, leaving n = 134 features for supervised ML analysis. Several classification algorithms were compared: Adaptive Boosting (AdaBoost), decision trees, the K-Nearest Neighbors algorithm (KNN), Light Gradient Boosting (LGBM), Logistic Regression, the Naive Bayes classifier, Random Forests, Support Vector Machines (SVM), and eXtreme Gradient Boosting (XGBoost) [reviewed in Akpan and Starkey (18) and in Sen et al. (19)]. In each case, the data was randomly divided into a training set (80% of the samples) and a test set (20% of the samples) in a stratified manner, ensuring that the training and test sets had the same ratio of malnourished to non-malnourished patients as the original data set. Additionally, the models were trained in one of the following scenarios: (a) using the complete set of n = 134 features or (b) omitting the features used to obtain the GLIM diagnosis: total weight loss (%), BMI, FFMI, reduced food intake, and disease/inflammation. In addition, the features ‘malnutrition risk’ and ‘CRP’, which was used as a supporting proxy to assess disease/inflammation, were omitted because they are associated with the diagnostic features. The second scenario resulted in a total number of n = 127 features.

There was a slight imbalance in the data regarding the diagnosis of malnutrition, with an imbalance ratio of about 1:3, i.e., the dataset contained fewer malnourished than non-malnourished participants. Since imbalanced data can affect model performance, this imbalance was addressed by using cost-sensitive learning, if applicable within the algorithm. Hyperparameters, which are used to control the learning process of the algorithm, were optimized using a grid search approach, with a strong emphasis on parameters that counteract overfitting. All models underwent n = 100 repetitions of 10-fold stratified cross-validation to avoid overfitting and to evaluate the ability of the model to predict unseen data (20). Model performance was assessed by determining accuracy, precision, sensitivity, specificity, the area under the receiver operating characteristic (ROC AUC), the average precision score, the F1-score, balanced accuracy, and Cohen’s kappa score (21). The last four metrics are particularly useful when there is imbalance in the data. The mean and standard deviation were then calculated for each metric over the 100 × 10-fold cross-validation iterations (n = 1,000).

For the best-performing model from each of the two scenarios, SHapley Additive exPlanations (SHAP) were used to assess the extent to which a feature influences the model’s prediction (22). The SHAP approach calculates the contribution of each feature to the model output and thus provides insight into the decision of a model. The average SHAP value for each feature and participant was calculated over the 100 × 10-fold cross-validation iterations (adapted from (23)). Based on the SHAP values, the 10 most important features for identifying malnourished patients were identified.

All supervised machine learning methods (including decision trees, see below) were performed in Python (version 3.9.16) using scikit-learn (version 1.0.1).



Unsupervised machine learning

Dimension reduction and visualization of the underlying patterns within the patient data was performed using Uniform Approximation and Projection (UMAP) (24). Due to the diversity of feature types within the data set, the Feature-Type Distributed Clustering (FDC) approach was applied as previously described by our group (25). The consideration of diverse feature types in combination with the conventional UMAP algorithm can lead to more effective results when investigating underlying patterns or patient clusters from patient data (25).

Accordingly, the UMAP algorithm was applied to the ordinal, nominal, and continuous features separately using the Canberra, Hamming, and Euclidean distance metrics, respectively. For all other parameters, default values were found to be optimal. Then, both dimensions of each of the ordinal and continuous projections and one of the nominal dimensions were integrated to reduce the high-dimensional data to an intermediate 5-dimensional embedding. This 5-dimensional embedding was further processed with conventional UMAP (using default UMAP parameters) to obtain the final 2D UMAP projection.



Decision trees

The 10 selected key features from the best performing model using all features were used to train decision trees to investigate the explanatory power of the ML models. As described above for supervised ML, the data was shuffled and stratified into training data (80%) and test data (20%). The hyperparameters were optimized using a grid search approach. The tree was trained to a maximum depth of three. After training the model on the training data, the performance of the tree was evaluated on the test data using the same metrics as in the initial approach to compare the different algorithms. From five randomly generated decision trees, the best performing model was selected to determine and visualize its decision rules, including the respective features and cut-off values, when classifying the data.



Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics (version 28, Ehningen, Germany) to compare the distribution of sex, age, and malnutrition diagnosis between patients with different chronic gastrointestinal diseases and controls in order to characterize the different patient and control cohorts. In addition, statistical tests were performed to compare features within clusters identified by ML as well as to compare features in patients with and without malnutrition diagnosis. After testing for normal distribution, the Mann–Whitney-U test or Student’s t-test was used for interval scaled variables. Nominal and ordinal scaled variables were tested using Pearson chi-squared test with Bonferroni adjustment. Data are presented as absolute (n) and relative (%) values, mean ± standard deviation (SD; normally distributed data) or median and interquartile range (IQR, non-normally distributed data). Statistical significance was considered when p < 0.05.




Results and discussion

Disease-related malnutrition is a common complication in the hospital setting, with a particularly high prevalence in chronic gastrointestinal diseases (1). Despite the availability of diagnostic criteria, malnutrition often remains unrecognized or underestimated, and individual criteria are limited in their practical applicability in several gastrointestinal diseases, such as LC. Machine Learning (ML) is a contemporary approach that can be used to evaluate current diagnostic criteria, to identify additional features and a core data set for malnutrition diagnosis and potentially provide insights into the underlying mechanisms of malnutrition. The use of ML to aid diagnosis has already been evaluated in elderly patients with malnutrition, highlighting the potential of these technologies to improve diagnostic accuracy (26). However, in the context of ML, there are currently only a few studies investigating the interplay between malnutrition and chronic gastrointestinal diseases such as liver cirrhosis.

Furthermore, the GLIM criteria were developed based on expert consensus (7), and the use of ML algorithms can be used as a more unbiased strategy to develop additional or optimize the current diagnostic criteria. Therefore, the aim of this study was to analyze a comprehensive data set using ML to characterize both general and specific features of malnourished patients with different chronic gastrointestinal diseases and to validate the relevance of the GLIM criteria for clinical practice.


Demographic data

The demographic data of the different groups and the prevalence of malnutrition are summarized in Table 1. Most of the data sets were derived from HC, and patients with LC or CP, while SB/II and control patients comprised smaller groups. Age was comparable between control and patient groups. The percentage of women was >50% in the HC and control patients as well as in SB/II. In contrast and as expected, fewer patients were female in the LC (33%) and CP (23%) groups. While none of the HC was malnourished, 34% of the control patients were diagnosed with malnutrition. However, this was not unexpected in control patients with subacute non-specific gastrointestinal complaints. Malnutrition was more prevalent among LC patients (>60%) compared to the other groups. The data set included patients with varying degrees of the disease severity (LC: Child-Pugh Score A 19.3%, B 41.0%, C 39.7%; CP: COPSS A 33.3%, B 49.3%, C 17.4%, data not shown). The prevalence of malnutrition was found to increase with progressive disease. In LC patients, malnutrition was diagnosed in 40.0% with Child-Pugh Score A, in 68.8% with Child-Pugh Score B and in 61.3% with Child-Pugh Score C. In CP patients, malnutrition was diagnosed in 13.0% with COPPS A, in 44.1% with COPPS B and in 83.3% with COPPS C (data not shown). These findings indicate that malnutrition is a common complication in both (sub-)acute and chronic gastrointestinal diseases and increases with disease progression.



TABLE 1 Overview about the implemented cohorts of healthy controls (HC), control patients (controls) and patients with liver cirrhosis (LC), chronic pancreatitis (CP) as well as short bowel/intestinal insufficiency (SB/II).
[image: Table presenting demographic and clinical data for a study with 314 participants, divided into groups: HC, Controls, LC, CP, and SB/II. The variables include sex, age, and malnutrition diagnosed by GLIM. Percentages of females and median ages are provided. Significant statistical findings, marked with asterisks, include sex distribution and malnutrition diagnosis, with p-values indicating significance for sex and malnutrition, but not age. Bold values represent statistical significance.]



Supervised classification of malnutrition

The results of the supervised ML analyses are described and discussed together in the following sections.


High classification performance after inclusion of all clinical features

We performed a classification analysis of the malnourished versus the non-malnourished patients and controls using all 134 selected features. Nine different classification models were used for this purpose and a number of different performance metrics were obtained. The results of the analysis are summarized in Table 2 (sensitivity, specificity, and F1-score) and in Supplementary Table S2 (additional performance metrics).



TABLE 2 Average performance of the trained models classifying malnutrition using all (n = 134) features.
[image: Comparison table of machine learning algorithms' performance: Decision Tree, KNN, SVM, Logistic Regression, Naive Bayes, Random Forest, AdaBoost, LGBM, and XGBoost. Metrics include Sensitivity, Specificity, and F1-Score with means and standard deviations. Bold values denote the highest performance in each category. Sensitivity highlights: Logistic Regression (0.903), Specificity: KNN (0.954), F1-Score: LGBM (0.879). Performance evaluated over 1,000 iterations.]

The LGBM classifier performed best in terms of F1-score, which is a widely used performance metric for imbalanced data sets that combines precision and sensitivity (Table 2). In addition, LGBM had the best performance in terms of accuracy, ROC AUC, balanced accuracy, and Cohen’s kappa score (Supplementary Table S2). KNN, a simpler classification model, performed best in terms of specificity, and Logistic Regression performed best in terms of sensitivity. Given that at least one classifier can achieve a score of more than 80% for both the F1 and the Cohen’s kappa score, we conclude that the imbalance in the data does not have a negative effect on the classifiers. This is also supported by the high values of the average precision score and the balanced accuracy (Supplementary Table S2). Taken together, the ensemble models such as Random Forests, Adaboost, LGBM, and XGBoost perform better than the simpler classifiers. Since the LGBM had the best performance for classifying malnourished patients, we further investigated which features were mainly used by this model.



Reduced classification performance after removal of the GLIM criteria

The GLIM criteria were used for operational diagnosis of malnutrition. Therefore, it is clear that these criteria are associated with the state of malnutrition. The search for additional features that are independently associated with the diagnosis of malnutrition may identify biomarkers for malnutrition or provide insight into the mechanisms of malnutrition. Therefore, a classification analysis was performed without the GLIM criteria and associated features.

The performance metrics are shown in Table 3 (sensitivity, specificity, and F1-score) and Supplementary Table S3 (additional performance metrics). The Random Forest model produces the highest F1-score, accuracy, ROC AUC, average precision score, balanced accuracy, and Cohen’s kappa score. The KNN model, on the other hand, produces the highest measures of precision and specificity, while the decision tree produces the best sensitivity. Again, the average precision score, F1-score, balanced accuracy, and Cohen’s kappa score of the best performing classification models are quite high, indicating that the imbalance present in the data does not affect the classification. The Random Forest model was selected for further interpretive analyses because it was the best performing model when GLIM features were omitted from the calculations.



TABLE 3 Average performance of the trained models classifying malnutrition leaving out GLIM diagnosis criteria (total weight loss, BMI, FFMI, CRP, reduced food intake, chronic disease/inflammation, malnutrition risk; n = 127).
[image: Comparison table of machine learning algorithms showing sensitivity, specificity, and F1-score. Decision Tree has highest sensitivity (0.869). KNN has highest specificity (0.926). Random Forest has highest F1-score (0.720). Values include mean and standard deviation. Bold indicates highest performance.]

As expected, the classification performance of the models decreased with the exclusion of the GLIM criteria highlighting their importance in the diagnosis of malnutrition. Compared to the LGBM as the best performing model including the GLIM criteria, the Random Forest model lost 19% sensitivity (0.888 ± 0.101 vs. 0.721 ± 0.132), and 8% specificity (0.935 ± 0.054 vs. 0.862 ± 0.074), while the F1-score decreased by 10% (0.879 ± 0.075 vs. 0.792 ± 0.075).



Supervised machine learning identified key features associated with malnutrition

Both supervised ML approaches (with and without GLIM criteria) identified a list of features that contribute to the classification of malnourished versus non-malnourished. SHAP values which reflect the impact of the features on the model output, were used to prioritize the features in terms of their relevance for diagnosing malnutrition. Figure 2 shows the ten most important features for the approach including the GLIM criteria (A) or excluding the GLIM criteria, as well as malnutrition risk and CRP as a proxy for inflammation (B). For each participant and feature, the average SHAP value is shown as a single point. Overall feature importance was calculated as the mean of the absolute SHAP values across all participants for each feature.

[image: SHAP value plots showing feature impact on model output for two sets: A and B. Set A includes features like total weight loss, reduced food intake, and C-reactive protein with various impact levels. Set B covers features like gastrointestinal disease, albumin, and hip circumference. Red indicates high feature values, and blue indicates low.]

FIGURE 2
 SHAP feature importance summary plot from (A) the LGBM using all features including GLIM diagnostic criteria (marked in bold) or from (B) the Random Forest model omitting the GLIM malnutrition diagnosis criteria and the associated features malnutrition risk and C-reactive protein. Each dot represents the average SHAP feature importance value for one patient regarding the respective feature. The color of the dot represents the feature expression value (red - high, blue - low). Positive SHAP values indicate classification of malnourished patients, while negative SHAP values indicate classification of non-malnourished individuals. An alignment to the right therefore indicates higher importance of a feature for malnutrition classification. IL-6, interleukin 6; TNF, tumor necrosis factor.



Best model using the GLIM criteria

The LGBM was used as the best performing model considering all features (Figure 2A, see also Table 2). The main results using this approach are listed below and discussed in the next section.

According to the SHAP values, the GLIM phenotypic criterion of unintentional total weight loss was the most important feature for classifying malnutrition. Total weight loss was more important for classifying malnourished than non-malnourished patients/controls (alignment more to the right). High weight loss (indicated by the red color) increases the model output for positive malnutrition classification (positive SHAP values).

The other phenotypic criteria (reduced FFMI, position 17; and low BMI, position 35; Supplementary Table S4) were considered less important for malnutrition diagnosis using the supervised ML approach. The most likely reason for this is the high proportion of overhydrated LC patients, which masks the body weight and alters body composition.

The etiologic criteria (reduced food intake, disease burden accompanied by inflammation, and CRP as a supportive proxy for this criterion) were other key features of the malnutrition diagnosis. Reduced food intake and disease burden as well as high CRP levels are positively associated with the diagnosis of malnutrition. The assessment of reduced food intake provided a particularly reliable classification of malnourished and non-malnourished patients and controls. Another inflammatory marker, tumor necrosis factor (TNF)-alpha is among the 10 features with the highest SHAP values.

In addition, the anthropometric measures of body weight and waist circumference were key features for malnutrition diagnosis, with lower feature values increasing model output toward malnutrition diagnosis. However, high waist circumference was more important for classifying non-malnourished patients and controls.

Serum albumin, often used as clinical laboratory marker for malnutrition but now considered as a marker of inflammation and disease severity (27), was also identified as an important feature for the model output.

Resistance (the ohmic resistance in alternative current, a raw value measured by BIA) and the physical activity level as a functional parameter were also among the 10 most important features predictive of malnutrition diagnosis using the LGBM.



Best model without GLIM criteria

We also applied Random Forest as the best performing model omitting the diagnostic GLIM criteria and malnutrition risk, to investigate which features have an additional impact and are still able to predict malnutrition when the GLIM criteria are not considered for classification (Figure 2B, see also Table 3). The lower numerical SHAP values were expected and are not solely related to the omission of the criteria, as Random Forest yields lower values compared to LGBM. The ten key features of the malnutrition diagnosis generated by this approach are listed below.

An underlying chronic gastrointestinal disease was found to be the most important feature for diagnosing malnutrition when malnutrition risk and the diagnostic criteria are excluded. The absence of an underlying disease was more important for the classification of non-malnourished patients and controls, while the presence of a disease state was weakly associated with malnutrition.

The laboratory parameters albumin, pseudocholinesterase, and prealbumin were also identified as key features. Lower values had a greater impact on the model output toward the diagnosis of malnutrition.

The anthropometric measures of hip circumference, body weight, and upper arm circumference had a high impact on the model output. Lower feature values had higher SHAP values associated with a positive diagnosis of malnutrition.

Phase angle and SMMI are features of body composition measurements. According to our model, low feature values are associated with the diagnosis of malnutrition.

Furthermore, inflammation was considered important for malnutrition classification with the pro-inflammatory cytokines Interleukin-6 (IL-6) and TNF-alpha (position 11, see Supplementary Table S5) being key features identified by ML. Low levels were associated with both malnourished and non-malnourished patients, making classification unreliable. However, high levels of inflammatory cytokines were associated with a positive diagnosis of malnutrition.




Biological significance of the ML-identified key features

To assess the biological significance of the above listed findings, we compared the numerical values of the ML-identified key features between non-malnourished and malnourished patients (Table 4). All features are highly significantly different between the two groups, highlighting their relevance to malnutrition and confirming the functionality of the presented ML approach. Despite the biologically important differences in the numerical values, there are overlapping ranges which means that not all of these parameters are suitable as biomarkers. However, the inclusion of additional features to the established GLIM criteria could improve the diagnostic accuracy in chronic gastrointestinal diseases. Furthermore, the key features identified may be indicators of mechanisms or different manifestations of malnutrition.



TABLE 4 Comparison of the ML-identified key features of malnutrition diagnosis between non-malnourished and malnourished patients.
[image: A table compares two groups: non-malnourished (n=210) and malnourished (n=104). Various metrics such as total weight loss, reduced food intake, C-reactive protein, body weight, waist circumference, albumin, disease presence, resistance, TNF-alpha, physical activity level, gastrointestinal disease, hip circumference, pseudocholinesterase, prealbumin, phase angle, upper arm circumference, skeletal muscle mass index, and IL-6 are listed with means, standard deviations, and p-values. Significant differences are indicated in bold, with p-values below 0.05 showing statistical significance.]


Significance of the GLIM criteria

Summarizing the results of the supervised ML analysis (Figure 2A), the LGBM identified several GLIM criteria as key features for diagnosing malnutrition from an extensive set of clinical features in a total cohort of patients with chronic gastrointestinal diseases. Among these, total weight loss was the most important feature for classifying malnutrition. Although weight loss may be masked by fluid overload in patients with LC, this criterion had high diagnostic accuracy and was identified as an important driver in the diagnosis of malnutrition by Bannert et al. (10). Weight loss in cirrhosis is related to etiology. Anastácio et al. found that patients with alcoholic liver disease had higher weight loss compared to other etiologies of chronic liver disease (28). In this study, 74% of LC patients (representing 25% of the total cohort) had alcoholic liver disease, which may contribute to the high diagnostic accuracy and model output. However, even a simple history of unintentional and progressive weight loss is considered as a valid predictor of the clinical outcome (29).

Both etiologic GLIM criteria “reduced food intake/malabsorption” and “chronic disease accompanied by inflammation” were other key features, highlighting their importance in classifying malnutrition in chronic gastrointestinal diseases. In our previous study, these diagnostic criteria were most frequently found in this cohort of patients (10). In this context, the inflammatory marker CRP was one of the top features. TNF-alpha and IL-6 were also found to be key features in classifying malnutrition, making them further suitable proxies for malnutrition-related inflammation, but they are often not available in daily clinical practice. According to a Canadian comparative study assessing malnutrition at hospital admission, the best combination of the GLIM diagnostic criteria with fair validity for diagnosing malnutrition was weight loss with either high CRP or low food intake (30). This is consistent with our top three most important features using a ML approach in patients with chronic gastrointestinal disease.

Our results underline the reasonable applicability of the GLIM criteria in patients suffering from different gastrointestinal diseases. It should be emphasized that our less biased ML approach thus confirms the expert consensus and contributes to the validation of the relevance of the consensus criteria for clinical practice, as suggested by the GLIM Committee (7).



Significance of other key features

In addition to the GLIM criteria, other key features for classifying malnutrition in patients with chronic gastrointestinal diseases were identified by both supervised ML approaches. Consistent with the reported high prevalence in gastroenterology (1), an underlying chronic gastrointestinal disease was the most important feature for diagnosing malnutrition in our study using a Random Forest model after omitting the GLIM criteria. This highlights the importance of malnutrition screening in patients with a significant gastrointestinal disease (7, 29).

In addition, anthropometric and body composition parameters are of great importance. Reduced hip circumference allowed a reasonably reliable classification of malnourished patients identified by Random Forest. To date, only one study has identified a hip circumference < 88 cm as a risk factor for malnutrition in type 2 diabetic patients with pulmonary tuberculosis (31). In our cohort of 314 participants, hip circumference was significantly decreased in malnourished compared to non-malnourished patients. Therefore, this may be an additional helpful marker in the diagnosis of malnutrition, especially in patients with ascites where other anthropometric and body composition parameters may be masked.

Furthermore, a reduced phase angle, higher resistance value, and lower skeletal muscle mass index indicated a diagnosis of malnutrition using the Random Forest model after excluding the GLIM criteria. Phase angle is a measured parameter of bioelectrical impedance analysis and an index of cell membrane integrity and vitality. It has been shown to be a reasonable indicator of mortality in many clinical situations and is associated with the nutritional status, prognosis, stage, and severity of digestive and liver diseases (32–34). However, the use of the phase angle as a biomarker of malnutrition in gastrointestinal diseases is limited because it is influenced by age, sex, BMI, and inflammation, which affects fluid distribution; therefore, assessment of hydration should be included (35). Skeletal muscle mass index measured by bioelectrical impedance analysis is an indicator for the GLIM criterion reduced muscle mass. When methods such as BIA, CT or MRI are not available, arm muscle circumference can be used as an alternative measure (7). This is also reflected in our results, which identified upper arm circumference as another key feature for classifying malnutrition.

Finally, among the laboratory values, plasma albumin, prealbumin, and pseudocholinesterase, were important features for the model output. Lower values of these parameters in LC patients, who make up the majority of the patients recruited in this study, reflect reduced liver function and thus the disease state. Low albumin concentrations have been shown to correlate with increased medical complications. However, prolonged protein-calorie restriction was associated with a reduction in body weight but little change in plasma albumin concentrations (29). Albumin (as well as prealbumin and pseudocholinesterase) levels further decrease during acute inflammation. In addition, human albumin is administered in conjunction with therapeutic paracentesis or hepatorenal syndrome in LC. Although this was not the case in the present study, the administration of albumin may influence albumin levels, potentially introducing bias and obscuring the presence of malnutrition. Therefore, albumin should not be considered as a standalone marker of malnutrition, but it may be useful to consider albumin in conjunction with other factors.

It should be noted that some of the key features identified may be the cause and others may be the result of malnutrition. On the one hand, the reduction of anthropometric parameters such as hip and upper arm circumferences will result from reduced energy intake and low physical activity and can therefore be used to detect pre-existing malnutrition in the patients. On the other hand, for example inflammation-related changes in the laboratory markers may suggest the underlying mechanisms of malnutrition. This aspect could be addressed in future research.

In conclusion, we found that weight loss, reduced food intake, inflammatory markers, hip and upper arm circumference, SMMI and phase angle, as well as several laboratory parameters (albumin, prealbumin, pseudocholinesterase) had a particularly high impact on the classification of malnutrition in a cohort of patients with different gastrointestinal diseases. Early detection and appropriate treatment of malnutrition is of great importance to prevent adverse outcomes. Furthermore, predictive models using longitudinal data have shown promise in predicting malnutrition, highlighting the importance of continuous patient monitoring and facilitating early nutritional intervention (36). In two recent studies, ML was used to test different combinations of GLIM criteria for their performance in malnutrition diagnosis and prognosis in LC patients awaiting liver transplantation (37, 38). Mid-arm muscle circumference (reflecting the phenotypic GLIM criterion of reduced muscle mass) and liver disease parameters (used as etiologic criteria) were associated with the diagnosis of malnutrition and were also predictors of 1-year mortality (38). In this context, it will be interesting to further analyze our model in relation to the prognosis of (malnourished) patients with chronic gastrointestinal diseases. Image-based models predicting the nutritional risk from facial feature recognition have opened new avenues as non-invasive diagnostics (39). Taken together, these results and developments collectively represent a remarkable application scenario for ML in the diagnosis and management of malnutrition.





Unsupervised analysis reveals clustering of malnourished cirrhosis patients

The UMAP dimension reduction tool is an unsupervised ML approach that identifies and visualizes the data underlying structures in high-dimensional data. Using this exploratory approach, we identified clusters of patients and controls based on the similarities in their measurements and analyzed the enrichment of the GLIM criteria in these clusters (Figures 3, 4).

[image: Scatter plots and bar charts depict cluster distribution and gastrointestinal disease data. Panel A shows six clusters by colors on an FDC graph. Panel B plots disease groups with similar layouts. Panel C contains bar charts showing gastrointestinal disease alongside malnutrition status for clusters zero to four, comparing data across HC, Control, LC, CP, and SB/II categories.]

FIGURE 3
 Distribution of the clusters obtained by UMAP supported Feature Distributed Clustering (FDC). (A) Five clusters (0–4) were found; moreover 14 data points were denoted as noise (labeled as cluster -1). (B,C) Distribution of gastrointestinal diseases along with malnutrition in the clusters. It was observed that cluster 4 is mostly comprised of LC patients and also has the highest proportion of malnourished individuals. UMAP, uniform approximation and projection; HC, healthy controls; SB/II, short bowel/intestinal insufficiency; CP, chronic pancreatitis; LC, liver cirrhosis.


[image: Panel of six images: (A) Scatter plot shows cluster distribution with clusters labeled negative one to four. (B) Disease/inflammation indicated by color shading. (C) Reduced food intake shown in binary false or true labeling. (D) Bar chart of Body Mass Index (BMI) across clusters zero to four in kilograms per meter squared. (E) Bar chart of Fat Free Mass Index (FFMI) similarly distributed. (F) Bar chart of total weight loss percentage across clusters. All charts include error bars.]

FIGURE 4
 Distribution of the clusters obtained by UMAP supported Feature Distributed Clustering (FDC). (A) Five clusters (0–4) were found; moreover 14 data points were denoted as noise (labeled as cluster -1). (B–F) Distribution of the distinct GLIM criteria in the clusters. UMAP, uniform approximation and projection; LC, liver cirrhosis; BMI, body mass index; FFMI, fat-free mass index.


UMAP revealed five clusters in the data, labeled clusters 0, 1, 2, 3, and 4, each consisting of 136, 43, 56, 28, and 37 data points, respectively (Figure 3A). A total of 14 data points were labeled as noise by the Density-Based Spatial Clustering of Applications with Noise (DBSCAN) algorithm (labeled cluster -1 in Figures 3A, 4A). The distribution of the control and patient cohorts among the clusters (Figure 3B) showed that cluster 4 consisted mainly of LC patients and cluster 1 had a high proportion of CP patients and HC, while the other clusters consisted of a heterogeneous mixture of patients with the indicated gastrointestinal diseases and controls. In addition, cluster 4 had the highest proportion of malnourished patients and thus consisted mainly of malnourished LC patients (Figure 3C). Beyond that, malnourished and non-malnourished patients were distributed among the other clusters. We expected from our data set of different and complex features related to the nutritional status that malnourished patients (and controls) would cluster in a separate group compared to well-nourished individuals. However, the five clusters revealed could also indicate that there are more (here in our cohort five) nutritional states. In such a scenario, where the classification into malnourished and non-malnourished does not correspond to the nutritional states identified by individual clusters, this may indicate why the diagnosis of malnutrition is so difficult to define and detect. A deeper analysis involving more patients with a wider variety of diseases and repeated analyses over time in the presence (patients) or absence (HC) of disease is needed to address this.

We further investigated the differential distribution of features among these clusters. We mainly focused on the distribution of the GLIM criteria because our previous results from the supervised ML approach showed that several GLIM criteria serve as key features for diagnosing malnutrition in patients with different gastrointestinal diseases (Figure 4). While the False and True categories of both binary features, disease/inflammation and reduced food intake (Figures 4B,C), are widely distributed in the clusters 0 to 3, cluster 4 is more dominated by positive values (True) for both features. Figures 4D–F shows the distribution of BMI, FFMI, and total weight loss across all clusters.

Despite high standard deviations, ANOVA testing revealed differences between the clusters for all GLIM features except BMI (Table 5). The mean values for FFMI, total weight loss and BMI, as well as the percentage of individuals with reduced food intake and disease/inflammation were higher in cluster 4 compared to the other clusters. This was expected since this cluster consisted mainly of LC patients who often suffer from overhydration, which leads to changes in body composition and limits the reliability of BIA measurement.



TABLE 5 The relative values (%) and mean ± SD of the individual GLIM criteria in the five clusters (0–4) detected by the unsupervised analysis. Cluster 4 shows different patterns compared to the others. ANOVA was used for statistical testing.
[image: Table comparing clusters 0 to 4 with the following data: BMI, FFMI, total weight loss, reduced food intake, and disease/inflammation. P-values indicate statistical significance for FFMI, total weight loss, reduced food intake, and disease/inflammation, with bold values for significance (p < 0.05).]

Because cluster 4 had the sharpest profile and was clearly different from the others, clusters 0 to 3 were combined for further statistical testing and compared with cluster 4. Cluster 4, which is dominated by (malnourished) LC patients (Figure 3), differed highly significantly in many features: GLIM criteria were higher in cluster 4 (see also Table 5), as was the diagnosis of malnutrition (and also the risk of malnutrition). In addition, several features were found to be different including laboratory parameters, lower physical activity level, reduced skeletal muscle mass, grip strength and gait speed, higher prevalence of edema and ascites associated with increased waist circumference, lower intake of several macro-and micronutrients, presumably due to reduced food intake, and more frequent psychosocial symptoms (anxiety, depression, fatigue and loneliness) (data not shown). This may indicate that the pathogenesis of malnourished LC patients differs from that of malnourished patients with other chronic gastrointestinal diseases and from that of non-malnourished LC patients. Previously, we found that individual GLIM criteria act as specific drivers for the diagnosis of malnutrition in different chronic gastrointestinal diseases, indicating different underlying mechanisms or manifestations of malnutrition (10).



Interpretable decision making using decision trees

With the intention to translating our in silico results into clinical applicability, we generated decision trees to define decision rules and cut-off values for the diagnosis of malnutrition. Yin et al. used tree-based methods to visualize and validate decision tools for identifying malnutrition in cancer patients in a retrospective study, demonstrating the overall utility of such approaches in clinical diagnostics (40).

The LGBM was the best performing model when considering all the features, so we used the top ten features from the LGBM classification to generate the decision trees. The decision tree with the best performance (overall accuracy 0.968) is shown in Figure 5. This example decision tree includes a phenotypic (total weight loss) and an etiologic GLIM criterion (reduced food intake), respectively. It also includes CRP, which was used as a supporting proxy to determine the GLIM criterion of chronic disease/inflammation. In addition, anthropometric measures (body weight and waist circumference) are included in the model. Cut-off values were generated by the model for total weight loss, CRP, body weight, and waist circumference; with two different cut-off values for CRP depending on the decision path. These cut-offs are important because they help to refine the classification process.

[image: Flowchart illustrating a decision tree for determining malnutrition based on total weight loss and other factors. Total weight loss is the initial node, divided by a threshold of 2.7%. Subsequent nodes include reduced food intake, C-reactive protein levels, body weight, and waist circumference. Each path leads to a result of either malnutrition or no malnutrition, with accompanying node accuracy rates indicated.]

FIGURE 5
 Exemplary decision tree using the top 10 features from LGBM using all features.


The decision tree shown is an example of how ML data can be used to translate ML data into clinical applicability.

However, and again emphasizing the purely exemplary approach, some of the cut-off values generated by our decision tree are currently not suitable for practical use. A weight loss of less than 2.7% is barely detectable, but can be interpreted as weight loss in general being important, which also reflects the results of Yin et al. (40). Moreover, other parameters such as waist circumference or body weight are not yet related to the sex or height and may be strongly influenced by ascites, which was present in 21% of our patients (not shown). Although the overall aim was to identify common features of malnutrition in different chronic gastrointestinal diseases, we are aware that an individualized assessment is still necessary, and especially in decompensated LC patients with ascites, malnutrition assessment remains challenging.




Limitations and outlook

The data in this study were collected from a smaller cohort of participants (n = 314), but include many features related to the nutritional status that were measured and recorded prospectively. The study was based on a cohort of controls and patients with different gastrointestinal diseases, including a high proportion of LC patients with ascites and edema. Therefore, our patient population is slightly biased toward liver disease. An imbalance in the proportion of attributes, e.g., male and female populations, could potentially lead to bias effects in the prognosis of the models. However, imbalanced attributes are common in clinical data and reflect real-world population characteristics. Our models were evaluated by cross-validation across multiple performance metrics, indicating that they capture meaningful relationships despite attribute imbalance. For the models used in this study, we found no sex bias in the prediction of malnutrition. In addition, the GLIM criteria were used to diagnose malnutrition, which served as the label for the classification task. This self-fulfilling design of the classification task may have biased the reported importance of the features. To overcome this, the GLIM criteria and associated features were excluded in a further approach with additional information gain.

Although the results of our models require further validation, our study provides a robust foundation for more in-depth research in this area by employing ML methods to classify malnutrition in chronic gastrointestinal diseases. Future research could address the pathomechanisms and possible different states of nutrition and malnutrition in chronic gastrointestinal diseases, as well as the impact of our models on the prognosis of patients belonging to different clusters.



Conclusion

In this study, we employed ML approaches to identify the key features of malnutrition in patients with chronic gastrointestinal diseases. Among the extensive set of clinical features related to nutritional status, several GLIM criteria, as well as other features, were identified as important for the diagnosis of malnutrition. These include total weight loss, reduced food intake, inflammatory markers, hip and upper arm circumference, SMMI, phase angle, and clinical laboratory values of albumin, prealbumin and pseudocholinesterase. These results support the clinical applicability of the GLIM criteria in patients suffering from different gastrointestinal diseases and thus contribute to their validation. Furthermore, the diagnostic assessment of malnutrition may be improved by the implementation of additional criteria, such as anthropometric parameters, as well as classical laboratory values and possibly the use of decision trees. Prospective validation studies and future research are needed to gain further insight into the pathophysiology and prognosis of malnutrition in chronic gastrointestinal diseases.
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Background: Previous studies have demonstrated that the Naples Prognostic Score (NPS) provides strategic direction in the prognosis of malignant illness. Nevertheless, its relationship with chronic obstructive pulmonary disease (COPD) remains underexplored. Therefore, additional research specifically focusing on the relationship between the Naples Prognostic Score and COPD is necessary to determine its widespread applicability.
Objectives: The objective was to explore the relationship between the NPS and the susceptibility to developing COPD.
Methods: A total of 15,184 participants were included in our research, and statistical analyses were performed after weighting. We used weighted logistic regression to assess whether the NPS and COPD had a relationship, as well as its association with lung function. Subgroup analysis was used to detect the interaction. In addition, Kaplan–Meier survival curves were generated, and adjusted hazard ratios of different causes of death were calculated using Cox regression.
Results: Our investigation examined 15,184 participants’ data and then revealed a significant positive link between the NPS and COPD risk, while smoking has an interactive effect on it. A trend toward a decreasing prevalence of lung function indicators such as FEV1 [OR (95%CI), −339.70 (−456.53, −222.87)], FVC [OR (95%CI), −296.70 (−435.34, −158.06)], FEV1/FVC [OR (95%CI), −0.03 (−0.04, −0.02)], predicted FEV1 [OR (95%CI), −0.09 (−0.14, −0.04)], and predicted FVC [OR (95%CI), −0.08 (−0.15, −0.01)] was observed with increased NPS levels. Survival curves were drawn, and Cox regression analysis was conducted by dividing participants into group 0, group 1, and group 2 with NPS values of 0, 1–2, and 3–4, respectively. After assigning participants to groups 0, 1, and 2, with NPS values of 0, 1–2, and 3–4, respectively, the survival curves were created, and the Cox regression analysis was carried out. All-cause mortality [HR (95%CI), 1.68 (1.39–2.85)] and hypertension-related mortality [HR (95%CI), 67.64 (8.88–515.07)] of group 2 were significantly elevated.
Conclusion: The findings of this study suggested that the NPS serves as a robust prognostic indicator of COPD.
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1 Introduction

Chronic obstructive pulmonary disease (COPD) ranks among the most widespread pulmonary illnesses globally and constitutes a significant obstacle to public health. According to the 2021 Global Burden of Disease Study, it has become the third leading cause of age-standardized death around the globe, threatening long-term quality of life and placing a heavier socioeconomic load (1, 2). Considering its unusual symptoms, which are often confused with common upper respiratory infections, including cough and chest tightness, early-stage COPD is somewhat challenging to diagnose clinically. On the other hand, infections can lead to sudden flare-ups in medium- to late-stage patients as it progresses, which typically results in aggravation, sometimes even requiring mechanical ventilation (3). Nutritional imbalance, as it can lead to a decrease in overall muscle mass, is highly detrimental to lung function in COPD patients, thereby affecting the function of respiratory muscles and worsening the condition.

The Naples Prognostic Score (NPS) is a scoring system based on nutritional and inflammatory markers, initially used to assess the prognosis of patients with cancer (4). Recently, accumulating evidence suggests that it has also been applied to estimate the likelihood of developing other diseases.

The ratios of specific white blood cells such as neutrophils/lymphocytes (NLR) and lymphocytes/monocytes (LMR) have been shown in earlier research to function as diagnostic biomarkers to evaluate aggravations in COPD patients (5). In addition, by influencing immunomodulation and pharmacokinetics, nutritional indicators such as albumin indirectly affect patient outcomes and prognosis (6). This study explored the relationship of NPS with COPD incidence and prognosis using the NHANES data from 2005 to 2018.



2 Materials and methods


2.1 Data processing

The NHANES is a biennial survey that collects laboratory tests, examinations, demographic information, and questionnaires to deliver insights into the health and dietary conditions of Americans. To reliably and representatively reflect the non-institutionalized U.S. population, it uses a sophisticated multistage stratified sampling method, making the data suitable for the evaluation of nutrition and health (7). It was conducted with ethical approval from the National Center for Health Statistics (NCHS). Data from seven NHANES cycles were gathered for this study (2005–2018). We included adults over the age of 20, except pregnant women and people with extreme nutritional consumption (men over 4,200 or under 800 kcal/day; women over 3,500 or under 500 kcal/day) (8). For missing data on exposure factors (NPS assessment) and outcome factors (COPD assessment) and missing covariate data of age, sex, and ethnicity, deletion was performed. Multiple imputation was used to fill in the other missing covariate data.



2.2 NPS assessment

The NPS is determined by summing up the scores of four key parameters: NLR ≥ 2.96, albumin level < 40 g/L, LMR ≤ 4.44, and total cholesterol level ≤ 180 mg/dL, each receive one point, otherwise receive zero points (9). Adding up the scores of the four parameters, then diving them into three groups which are group 0 (NPS of 0), group 1 (NPS of 1 to 2), and group 2 (NPS of 3 to 4).



2.3 COPD assessment

According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) COPD is defined as: (1) The ratio of FEV1/FVC < 0.7 following bronchodilator usage. (2) Age over 40 years old with a history of smoking, emphysema or chronic bronchitis (Health Conditions questionnaire: MCQ160G, MCQ160K, MCQ160P, MCQ170K, MCQ160O); The cited references remain unchanged (10–12).



2.4 Mortality assessment

For this study, the survey data were correlated with the National Death Index1 to obtain mortality data. The follow-up period commenced from the NHANES interview date and continued until either 31 December 2019 or the participant’s date of death.



2.5 Lung function test

This study collected lung function data (including FEV1, FEV1, and FEV1/FVC) prior to the use of bronchodilators. For quality control purposes, only data rated as A or B quality were included. Then, the corresponding expected values were calculated based on the Hankinson equation (13).



2.6 Covariates

Building upon previous research, this study incorporated several covariates to control potential confounding variables. These included poverty-to-income ratio (14), which is calculated by dividing household income by the federal poverty line income and classified into the following categories: ≤1.0, 1.1–3.0, and > 3.0; age (in years); education level (below high school, high school, or above high school); sex (male or female); smoking status (never, former, or current); and ethnicity (Mexican American, other Hispanic, non-Hispanic white, non-Hispanic black, or other) (14, 15).



2.7 Statistical analysis

Following the CDC guidelines2, statistical analyses were performed with sample weights taken into account. Appropriate weights were also assigned to each individual to be representative of the American population. Following the “least common denominator” principle, the weight calculation formula is 1/7 * WTMEC2YR. Baseline characteristics of enrolled patients were described according to the NPS grouping and mortality status. For comparison, weighted ANOVA was used for continuous variables (mean ± SD), and weighted chi-square tests were used for categorical variables (percentages). Weighted logistic regression analysis was used to investigate the association between NPS and COPD incidence, as well as NPS and various lung function indicators in participants with COPD. Using the Kaplan–Meier to create survival curves based on the NPS grouping, a log-rank test was performed. Adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) of different causes of death were calculated using Cox regression. Both the unadjusted and adjusted models were used. Model 1 was adjusted for age, ethnicity, and sex. Model 2 was adjusted for all relevant covariates. Stratified logistic regression and interaction tests were used to confirm the reliability of the results. Spearman’s correlation analysis was used to evaluate the correlation coefficients between the NPS and its components. ROC curves were used to compare the predictive value of NPS and its parameters for all-cause mortality in COPD patients. R software and EmpowerStats 4.2 were used for all statistical analyses and visualizations. A p-value of <0.05 on both sides was recognized as statistically significant.




3 Results


3.1 Baseline characteristics

A total of 15,184 participants were enrolled in this study, of which 1,466 (9.65%) participants were diagnosed with COPD. Individuals younger than 20 years old (n = 28,951) and those lacking NPS or COPD assessment data (n = 25,360) were excluded from the study. Moreover, participants lacking covariate data (n = 695) were excluded from the final analysis, as shown in Figure 1. The weighted distribution of participant demographics and other covariates by NPS groupings is shown in Table 1. Group 0, group 1, and group 2 represented 16.52, 69.93, and 13.55% of the participants, respectively. The average age of enrolled participants was 51.57 ± 17.42 years, with 59.17% being male, and the majority identified as non-Hispanic white, accounting for 50.43%. Among the three groups, significant differences were observed regarding sex, age, ethnicity, smoking status, NLR levels, LMR levels, and a medical history that included asthma, emphysema, chronic bronchitis, and COPD. The participants of group 2 were generally older, predominantly non-Hispanic white, also had lower income, and were more likely to have COPD and smoking history. Table 2 shows that after weighting, there were 10.53% all-cause deaths among participants. Compared to survivors, deceased participants were likely to be senior, non-Hispanic white men with a smoking habit, typically with lower education levels and income, and they had higher NPSs.

[image: Flowchart depicting participant selection from NHANES 2005-2018. Starting with 70,190 participants, exclusions occurred due to age, pregnancy, extreme energy intake, and missing data on NPS, COPD, age, sex, or race. Resulting participants included in the study are 15,183.]

FIGURE 1
 Admission flowchart.




TABLE 1 Characteristics of different NPS groups.
[image: A table comparing characteristics among three groups based on the Naples prognostic score, including age, sex, ethnicity, educational background, PIR, smoking status, NLR, LMR, asthma, bronchitis, emphysema, and COPD. Statistical significance is indicated by p-values, with several characteristics showing significant differences (p < 0.05).]



TABLE 2 Characteristics of different survival statuses.
[image: A table displays the characteristics of individuals with and without all-cause mortality, along with p-values. It presents age, sex, ethnicity, education level, PIR, smoking status, NLR, LMR, asthma, bronchitis, emphysema, and COPD. Significant p-values under 0.001 are noted for most characteristics, indicating statistical differences between groups.]



3.2 Relationship between the NPS and COPD

The weighted logistic regression analysis demonstrated the relationship between the NPS and COPD, with group 0 serving as the reference in Figure 2. The crude model showed a positive association between NPS and COPD prevalence [OR (95%CI), 2.43 (2.01–2.94)]. In Model 2, after adjusting for age, PIR, educational background, ethnicity, TC, ALB, sex, neutrophils, lymphocytes, monocytes, and smoking status, the risk of COPD increased by 52% in group 2 compared to group 0. The trend analysis in Model 2 showed that the risk of COPD increased in tandem with an increase in the NPSs (p = 0.0007).

[image: Forest plot showing odds ratios (OR) with 95% confidence intervals for three groups. Group 0 serves as a reference. Crude model shows Group 1 OR: 1.33, Group 2 OR: 2.43. Model 1 shows Group 1 OR: 1.20, Group 2 OR: 1.77. Model 2 shows Group 1 OR: 1.19, Group 2 OR: 1.52. All p-values indicate statistical significance except Group 1 in Model 2 (p = 0.072).]

FIGURE 2
 Association between the NPS and COPD Model 1 adjusted for sex, ethnicity, and age. Model 2 adjusted for sex, race, age, PIR, educational background, TC, ALB, neutrophils, lymphocytes, monocytes, and smoking status.




3.3 Relationship between NPS and mortality in COPD

We used the Kaplan–Meier method to plot the survival curve and to evaluate the prognostic value of NPS in COPD patients, as shown in Figure 3. The results demonstrated that group 2 had the highest risk for both all-cause mortality and hypertension-related mortality compared to other groups (log-rank, p < 0.001). After adjusting for multiple variables, all-cause mortality [HR (95%CI), 1.68 (1.39–2.85)] and hypertension-related mortality [HR (95%CI), 67.64 (8.88–515.07)] of group 2 were significantly elevated in comparison to group 0, as shown in Table 3. The trend analysis demonstrated that as the NPS increased, both all-cause mortality and hypertension-related mortality rose accordingly.

[image: Two Kaplan-Meier survival plots compare the survival probabilities of three NPS groups over 187 months. The left plot shows a gradual decline for all groups, with group 2 having the lowest survival. The right plot starts similarly but shows more divergence around 100 months. Shaded regions indicate confidence intervals, with group 0 consistently showing the highest survival. Significant differences are indicated with a log-rank p-value of less than 0.001. Beneath each plot, tables show the number of subjects at risk at various time points.]

FIGURE 3
 KM survival curves.




TABLE 3 Association between NPS and mortality.
[image: Table presenting Naples prognostic scores for all-cause mortality and hypertension, comparing Group 0, Group 1, and Group 2. It includes odds ratios (OR) with confidence intervals (CI) and p-values for trends. All-cause mortality shows increasing risk with higher groups, significant at p < 0.0001. Hypertension results follow a similar trend. Model 1 adjusts for sex, ethnicity, and age, while Model 2 adds adjustments for additional factors like PIR and smoking status.]



3.4 Subgroup analysis

In Figure 4, we further explored the association between the NPS and COPD risk by conducting subgroup analyses based on age, sex, ethnicity, educational background, PIR, and whether they smoked. In the majority of subgroups, the risk of COPD increased with elevated NPS levels, and the same results were observed in the adjusted models. Notably, in the adjusted model, in terms of smoking, the odds ratios (ORs, 95%CI) of group 2 for the risk of COPD are as follows: never smokers 4.03 (1.85, 8.79), former smokers 0.90 (0.36, 2.26), and current smokers 1.01 (0.69, 1.48), and the interaction analysis showed p < 0.05. The results indicated that in the adjusted model, smoking history influenced the relationship between the NPS and COPD prevalence. Other covariates, such as ethnicity, PIR, and education, did not have a significant impact on COPD incidence.

[image: Forest plot showing hazard ratios (HR) with 95% confidence intervals (CI) for various characteristics. The plot compares unadjusted and adjusted models across characteristics like sex, age, race, education, poverty income ratio (PIR), and smoking status. HRs are indicated for different groups within each characteristic, with reference values, P values, and interaction P values noted. The plot illustrates significant associations, particularly in certain groups, highlighting variations in HRs across distinct demographic factors.]

FIGURE 4
 Subgroup analysis Adjusted model adjusted for sex, ethnicity, age, PIR, educational background, TC, ALB, neutrophils, lymphocytes, monocytes, and smoking status. All the models are not adjusted for the variable itself in each stratification.




3.5 Relationship between lung function and NPS

With group 0 serving as the reference, after adjusting for multiple variables, group 2 was negatively correlated with FEV1, predicted FEV1, FVC, predicted FVC, and FEV1/FVC, and the odds ratios (OR, 95%CI) were −339.70 (−456.53, −222.87), −296.70 (435.34, −158.06), −0.03 (−0.04, −0.02), −0.09 (−0.14, −0.04), and −0.08 (−0.15, −0.01), respectively. These results were statistically significant, as shown in Table 4. The trend analysis results indicated that with increasing NPS, FEV1, FVC, FEV1/FVC, and predicted FEV1, all showed a downward trend (p < 0.05).



TABLE 4 Association between NPS and lung function.
[image: Table showing the association between lung function tests and the Naples prognostic score across three groups with odds ratios and 95% confidence intervals. Significant trends are noted for FEV1, FVC, FEV1/FVC, and FEV1 predicted values across the groups with P-values less than 0.05.]



3.6 Prognostic value of the NPS

We investigated the correlation between the NPS and its components and observed a significant positive correlation between NLR and NPS (r = 0.51), as shown in Appendix Figure 1A. In terms of prognostic value, we compared the NPS with its components and found that the area under the curve of the NPS was the largest (AUC = 0.701), which showed that the NPS is the most effective predictor of all-cause mortality in adults with COPD, as shown in Appendix Figure 1B and Appendix Table 1.




4 Discussion

This large-scale study, which included 15,184 participants from the NHANES database, comprehensively examined the relationship of NPS with both the risk and prognosis of COPD. Our findings revealed that higher NPSs and the occurrence of COPD were found to be significantly correlated, and this relationship remained stable after adjustment. Likewise, higher NPSs were related to higher all-cause and hypertension-related mortality rates in COPD patients. Logistic regression analysis showed significant negative correlations between NPS and key pulmonary function parameters. Furthermore, trend analysis revealed a decline in lung function as NPS levels increased. ROC curves showed that NPS had the strongest prognostic value compared to its components.

Chronic inflammation is broadly acknowledged as a primary mechanism in the onset of COPD (10). Previous research primarily emphasized specific inflammatory or nutritional markers in COPD patients, such as the NLR and LMR, both of which are associated with the pathogenesis and prognosis of the disease. These markers reflect the intricate balance between inflammation and immune response, making them valuable indicators for assessing disease progression and clinical outcomes conditions (14, 16–18). Research has shown that malnutrition affects up to 74.4% of elderly patients with COPD. This condition significantly impairs immune function, diminishes muscle strength, and reduces respiratory capacity, all of which contribute to accelerated disease progression. Consequently, malnutrition is connected to an elevated risk of complications, extended hospitalizations, and increased mortality rates (19, 20).

The NPS, as a composite score, reflects systemic inflammation and nutritional status by incorporating four key biomarkers—ALB, TC, NLR, and LMR. It was originally designed to evaluate prognosis in cancer patients (21–26). Recent research has indicated that low albumin levels often signify malnutrition, which can impair immune response, reduce lung muscle strength, and diminish respiratory function, thereby accelerating COPD progression (19, 20, 27). Concurrently, elevated inflammatory markers such as NLR and PLR represent a sustained systemic inflammatory state, which exacerbates lung damage and contributes to immune system dysregulation, worsening patient outcomes (18, 28). Moreover, recent studies have highlighted the role of lipid metabolism disorders in COPD pathology, with a notable relationship between increased cholesterol levels, deteriorating lung function, and heightened oxidative stress (29–33). Therefore, by integrating these critical factors, the NPS serves as an effective tool for predicting disease progression and adverse outcomes in COPD patients.

While markers such as NLR and PLR may indicate systemic inflammation, they do not necessarily account for all factors that contribute to disease progression in COPD patients. In addition, the role of lipid metabolism disorders in COPD pathology does not solely determine disease progression and adverse outcomes as other variables must also be considered in predicting patient outcomes.

A previous study by Zhu (34), also based on the NHANES data, demonstrated a notable link between higher NPSs and asthma incidence. Another study by Wu (35) reported that elevated NPSs were linked to increased occurrences of respiratory symptoms (e.g., cough, wheezing, and dyspnea) and an increased predisposition to obstructive and restrictive lung function abnormalities. Another study demonstrated a strong positive association between the NPS and both overall mortality risk and cause-specific mortality risk among cancer patients (26). Our findings align with previous studies, reaffirming the NPS as a reliable prognostic marker. In addition, subgroup analysis indicated that the link between the NPS and COPD incidence was more pronounced in individuals with smoking habits after adjusting for confounders.

From a clinical perspective, the findings of this study demonstrated significant practical applicability. The four components of the NPS encompass routine laboratory tests, including complete blood count, blood lipids, and blood biochemistry, which are commonly available at the initiation of comprehensive assessments upon patient admission. The NPS is calculated based on these test results to stratify patients accordingly. A higher NPS is often associated with a poorer prognosis and serves as a prompt for clinicians to consider early nutritional support, such as intravenous albumin. In addition, it underscores the need for timely infection control interventions, including the collection of sputum samples for microbiological analysis and the escalation of antimicrobial therapy when necessary. Early respiratory support, such as high-flow oxygen therapy or non-invasive ventilation, may also be warranted. Throughout the treatment course, dynamic monitoring of NPS variations can provide valuable insights into the patient’s response to therapy and overall prognosis. Furthermore, COPD patients, who frequently experience chronic hypoxia and pulmonary vascular remodeling, are at increased risk for cardiovascular complications, including cor pulmonale and pulmonary embolism. Incorporating the measurement of cardiovascular biomarkers, such as B-type natriuretic peptide, troponin, and D-dimer, in patients with high NPS can facilitate early intervention and potentially improve clinical outcomes.

Despite these significant findings, several limitations should be acknowledged. First, due to the reliance on the NHANES database, which primarily reflects the U.S. population, cross-national validation was not feasible. Second, although the NHANES uses standardized controls to ensure data reliability and completeness, the retrospective cohort design makes it difficult to completely eliminate confounding bias and establish causality. Third, the reliance on self-reported COPD diagnoses carries the potential for recall bias, which could impact the precision of the results. Therefore, future research could consider multicenter studies across diverse populations to evaluate the external validity and generalizability of the NPS in different ethnic groups. Moreover, conducting longitudinal studies is essential for strengthening causal inferences and evaluating the predictive value of NPS in relation to long-term clinical outcomes.

In conclusion, our study showed that higher NPSs are strongly linked to COPD onset and increased all-cause mortality, including hypertension-related deaths, in COPD patients. Based on routine laboratory tests, the NPS offers a practical, cost-effective tool for the early identification of high-risk COPD patients and has significant prognostic value. Furthermore, combining NPS with cardiovascular biomarkers can enhance the early diagnosis and management of patients with cardiac comorbidities. Given its clinical relevance, we recommend incorporating the NPS into routine practice for risk stratification in COPD management.
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APPENDIX FIGURE 1A | Spearman’s correlation analysis among NPS and its components.



APPENDIX FIGURE 1B | ROC curves of NPS and its components in predicting all-cause mortality in COPD patients.
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Background and objective: Previous studies have shown positive associations of waist circumference (WC) and waist-to-height ratio (WHtR) with left ventricular hypertrophy (LVH) among children and adolescents. However, most of these studies were cross-sectional or limited to only two time points. We aim to estimate the association of trajectories in WC and WHtR with LVH during childhood.
Methods: Data were from the prospective “Huantai Childhood Cardiovascular Health Cohort Study” conducted from 2017 to 2023 in Huantai County, Zibo City, Shandong Province. Group-based trajectory modeling was used to categorize WC into three groups: low-increasing, moderate-increasing, and high-increasing trajectories. Similarly, WHtR was categorized into three groups: stabilizing, decreasing, and increasing trajectories. Linear and log-binomial regression analyses were used to examine the associations of WC and WHtR trajectories with increased left ventricular mass index (LVMI) and LVH.
Results: A total of 946 children were included, with 51.9% being boys and an average age of 8 years at baseline. After adjustment for potential covariates, children in the high-increasing WC group and the increasing WHtR trajectory group had increased LVMI (β = 5.16 g/m2.7, 95% confidence interval (CI): 4.37, 5.95 and β = 4.91 g/m2.7, 95% CI: 4.15, 5.68) and a higher risk of LVH [risk ratio (RR) = 5.84, 95% CI: 3.39, 10.05 and RR = 7.38, 95% CI: 4.14, 13.14] compared to the low-increasing WC group and stabilizing WHtR group, respectively. Interestingly, the moderate-increasing WC and decreasing WHtR trajectory groups still have an increased LVMI (β = 2.83 g/m2.7, 95% CI: 2.05, 3.61 and β = 2.25 g/m2.7, 95% CI: 1.50, 3.01) and a higher risk of LVH (RR = 2.04, 95% CI: 1.00, 4.15 and RR = 2.23, 95% CI: 1.06, 4.71) compared to the low-increasing WC group and stabilizing WHtR group, respectively. Similar results were found when stratified by sex.
Conclusion: We found the risk of LVH was not fully eliminated among children with a decreasing WHtR trajectory. These findings underscore the need for early prevention and continuous monitoring of WC and WHtR to help prevent future sub-clinical cardiovascular damage in childhood.
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Introduction

Left ventricular hypertrophy (LVH), an extreme increase in left ventricular mass (LVM), is a significant risk factor and predictor for cardiovascular morbidity and mortality (1, 2). The identification of cardiovascular risk factors associated with LVH is important, particularly for children and adolescents, because early organ damage may already occur in this age group (3, 4). Fortunately, evidence indicates that adverse ventricular remodeling can be reversed with early intervention (5, 6). Therefore, it is necessary to identify the risk factors that contribute to LVH regression, thereby implementing targeted preventive and therapeutic strategies.

Numerous studies have shown that general obesity, defined by body mass index (BMI), was associated with LVH in children and adolescents (7–10). However, BMI fails to effectively distinguish the distribution between fat mass and fat-free mass. Studies have indicated that waist circumference (WC) and waist-to-height ratio (WHtR), as markers of central obesity, were superior to BMI and more closely associated with cardio-metabolic risk (11, 12). Several studies have shown that central obesity, defined by WC or WHtR, is associated with LVH among children and adolescents (13–21). However, most previous research was cross-sectional or limited to only two time points, which may overestimate or underestimate the true associations because participants who experienced significant WC or WHtR changes over time may eventually return to their initial status. Therefore, it is necessary to capture the full changes in trajectories of WC or WHtR to better understand their associations with LVH, ultimately leading to more effective and targeted interventions.

In this study, we aimed to clarify the association between different trajectories of WC or WHtR measured at four time points and the risk of LVH based on a population-based prospective study. In addition, we aim to explore the effects of gender differences in WC or WHtR trajectories on cardiac damage.



Methods

Data were from the prospective “Huantai Childhood Cardiovascular Health Cohort Study” conducted in Huantai County, Zibo City, Shandong Province, China (22). Participants were recruited in a large local primary school using a convenient cluster sampling design. The baseline survey was conducted between November 2017 and January 2018 where 1,515 children aged 6–11 years were recruited at baseline and followed up every 2 years (i.e., 2017, 2019, 2021, and 2023). After excluding children and adolescents with missing information on anthropometric measurements, lifestyle behaviors, blood biochemical markers, ultrasound measurements, or WC/WHtR measurements at any time points, 946 children were finally included in the study (Supplementary Figure S1). Supplementary Table S1 presents a comparison of the baseline characteristics between included and excluded participants. The study was approved by the Ethics Committee of the School of Public Health, Shandong University (Approval No. 20160308). All participants voluntarily joined the study, with informed consent provided by their guardians.

Height, weight, and WC were measured twice using standardized calibrated instruments, and the mean values were used for analysis. Blood pressure (BP, HEM 7012, Omron, Osaka, Japan) was measured three times, with differences of less than 10 mmHg between any two measurements, and the mean values of the last two readings were used for data analysis. These methods have been reported in detail previously (22). BMI (kg/m2) was calculated as weight (kg) divided by height (m) squared. WHtR was calculated as WC (cm) divided by height (cm). We categorize WC into three groups: low-increasing, moderate-increasing, and high-increasing trajectories. Similarly, we classified WHtR into three groups: stabilizing, decreasing, and increasing trajectories.

A structured self-reported questionnaire was used to collect data on demographics (e.g., age and sex), pubertal development (e.g., menarche for girls or spermatogenesis for boys), and lifestyle behaviors (e.g., intake of fruits and vegetables, intake of carbonated beverages, physical activity (PA), screen time, and sleep duration). The questionnaires were carried out in classrooms by investigators with standardized training, and respondents were personally informed by instructions. The forms were filled out by parents who assisted the children and once completed, they were independently reviewed and verified by two staff members. To ensure reliability, a random selection of 13 students retested the questionnaires 1 week later. The results demonstrated strong consistency between the initial and retested measurements, as evidenced by kappa values greater than 0.8 for each item related to dietary condition (22). The pubertal development variable was categorized as “yes” if boys experienced seminal emission or girls experienced menstruation, and “no” if they did not. Insufficient intake of fruits/vegetables was defined as consuming less than 5 servings per day (23). Frequent intake of carbonated beverages was defined as consuming more than once per week (23). Insufficient PA was defined as less than 1 h of combined vigorous and moderate exercise per day (24). Excessive screen time was defined as more than 2 h of screen exposure per day (25). Insufficient sleep was defined as less than 9 h (6–12 years old) or less than 8 h (13–18 years old) per day (26). An automatic analyzer (Beckman Coulter, AU480) was used to measure blood biochemical markers [e.g., glucose (GLU), triglyceride (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C)].

Before the study, 20 subjects were selected and their measurements were taken by two sonographers: one for quality control and the other for testing. The correlation coefficient of the measured values was 0.94, demonstrating a high level of agreement (27). During the formal study, left ventricular indicators were measured using a validated and calibrated color Doppler ultrasound machine (Philips, CX30, United States) by one experienced sonographer. All procedures strictly adhered to the Pediatric Cardiac Measurement Guidelines of the American Society of Echocardiography (28). The left ventricular end-diastolic diameter (LVDD), interventricular septal thickness (IVST), and left ventricular posterior wall thickness (LVPWT) were assessed using a 2e4 MHz convex array transducer. Based on these measurements and height, the LVMI was calculated using the following formulas (16): LVM (g) = 0.8*1.04*[(IVST+LVDD+LVPWT)3 − (LVDD)3] + 0.6; LVMI (g/m2.7) = LVM/height2.7. LVH was determined as the LVMI higher than the age- and sex-specific 90th percentile of this study population (10, 29).

T-tests and χ2-tests were, respectively, used to assess the differences in continuous and categorical variables between boys and girls at baseline. Group-based trajectory modeling (GBTM) was used to analyze the trajectories of WC and WHtR with the optimal number of groups determined based on the Bayesian information criterion (BIC), average posterior probability (AvePP), and the proportion of individuals in each trajectory group. Analysis of variance (ANOVA) and χ2-test were used to assess the differences in continuous and categorical variables across trajectory groups, respectively. We used linear regression to examine the associations of WC or WHtR trajectories from 2017 to 2023 with LVMI at the end of follow-up in three models and used log-binomial regression to assess their associations with LVH. Model 1 adjusted for age, sex, and height (only for WC); Model 2 further adjusted for trajectory groups of systolic BP (SBP), diastolic BP (DBP), GLU, HDL-C, LDL-C, TG, and TC from baseline to follow-up periods; Model 3 additionally adjusted for pubertal development at follow-up, intake of fruits/vegetables, intake of carbonated beverages, PA, screen time, and sleep time at baseline. A two-sided p value <0.05 indicated statistical significance. All statistical analyses were performed using R (version 4.3.3).



Results

In this study, a total of 946 children were included, with 51.9% being boys and an average age of 8 years at baseline (Table 1). At baseline, boys had higher values of BMI, WC, WHtR, SBP, GLU, HDL-C, insufficient intake of fruits/vegetables, frequent intake of carbonated beverages, and LVMI compared to girls (all p values <0.05).



TABLE 1 Basic characteristics between the study population at baseline.
[image: Table displaying characteristics of a study population divided into overall, boys, and girls groups. It includes age, BMI, various health metrics, dietary and lifestyle factors, with respective t/χ² values and p-values. Key metrics include BMI, waist circumference, blood pressure, cholesterol levels, fruit intake, and screen time. Statistical significance indicated for many factors.]

Supplementary Table S2 presents the details of the GBTM of trajectory groupings. Based on the BIC, the proportion of AvePP>0.7, and the proportion of individuals in each trajectory group, we selected a three-trajectory grouping for both WC and WHtR. From 2017 to 2023, 54.2, 18.7, and 27.1% of children exhibited low-increasing, moderate-increasing, and high-increasing WC trajectory patterns, respectively (Figure 1A). The moderate-increasing and high-increasing WC trajectory groups had a significantly higher proportion of boys, as well as higher baseline values of BMI, WC, WHtR, SBP, DBP, GLU, LDL-C, TG, LVMI, and LVH compared to the low-increasing group (all p values <0.05, Table 2). During the same period, 52.9, 19.0, and 28.1% of children exhibited stabilizing, decreasing, and increasing WHtR trajectory patterns, respectively (Figure 1B). The decreasing and increasing WHtR groups had a significantly higher proportion of boys, as well as higher baseline values of BMI, WC, WHtR, SBP, DBP, GLU, LDL-C, TG, LVMI, and LVH compared to the stabilizing group (all p values <0.05, Table 3). At the end of follow-up, similar differences in characteristics across trajectory groups were found (Tables 2, 3).

[image: Line graphs depicting the progression of waist circumference (WC) and waist-to-height ratio (WHtR) from ages 6 to 17. Graph A shows WC trends: low-increasing (red, 54.2%), moderate-increasing (green, 18.7%), and high-increasing (blue, 27.1%) groups. Graph B displays WHtR trends: stabilizing (red, 52.9%), decreasing (green, 19.0%), and increasing (blue, 28.1%) groups.]

FIGURE 1
 Change in trajectories of (A) WC and (B) WHtR with age. WC, waist circumference; WHtR, waist-to-height ratio.




TABLE 2 Characteristics of baseline (2017) and follow-up (2023) periods of study participants in different WC trajectory subgroups.
[image: Table comparing trajectory groups of waist circumference (WC) in 2017 and follow-up in 2023 for low-increasing, moderate-increasing, and high-increasing groups. Metrics include demographic, anthropometric, blood pressure, lipid profiles, lifestyle factors, and left ventricular mass index. Significant differences are noted with F/χ² and p values.]



TABLE 3 Characteristics of baseline (2017) and follow-up (2023) periods of study participants in different WHtR trajectory subgroups.
[image: A detailed table presents data on the trajectory groups of waist-to-height ratio (WHtR) from baseline (2017) to follow-up (2023), comparing stabilizing, decreasing, and increasing groups across various health metrics like BMI, blood pressure, cholesterol levels, lifestyle factors, and left ventricular mass index. The data include statistical values such as F or chi-square values and p-values, indicating significance levels. Measurements are expressed as means with standard deviations or percentages.]

Children in the moderate-increasing and high-increasing WC trajectory groups had a higher LVMI [β = 2.83 g/m2.7, 95% confidence interval (CI): 2.05, 3.61 and β = 5.16 g/m2.7, 95% CI: 4.37, 5.95] and a higher risk of LVH [risk ratio (RR) = 2.04, 95% CI: 1.00, 4.15 and RR = 5.84, 95% CI: 3.39, 10.05] compared to the low-increasing group (Table 4). Similarly, in the WHtR trajectory groups, the decreasing group and increasing group had a higher LVMI (β = 2.25 g/m2.7, 95% CI: 1.50, 3.01 and β = 4.91 g/m2.7, 95% CI: 4.15, 5.68) and a higher risk of LVH (RR = 2.23, 95% CI: 1.06, 4.71 and RR = 7.38, 95% CI: 4.14, 13.14) compared to the stabilizing group. Similar results were found when stratified by gender (almost all p values <0.05, Table 4).



TABLE 4 Associations of different WC and WHtR trajectory subgroups with LVMI and LVH in children.
[image: Table comparing trajectory groups of waist circumference (WC) and waist-to-height ratio (WHtR) across models for left ventricular mass index (LVMI) and left ventricular hypertrophy (LVH) in both genders. Models adjust for various factors such as age, sex, development, and lifestyle variables. Data includes β/RR values with confidence intervals and p-values, indicating statistical significance and differences between trajectory groups such as low-increasing, moderate-increasing, and high-increasing for WC, and stabilizing, decreasing, and increasing for WHtR.]



Discussion

To the best of our knowledge, this is the first study to estimate the association of WC and WHtR trajectories with LVH during childhood. We found that rapid increases in either WC or WHtR during childhood significantly increase the subsequent risk of LVH. However, the risk of LVH was not fully eliminated among children who had a decreasing WHtR trajectory. These findings not only enrich the current understanding of the impact of childhood central obesity on cardiac damage but also aid in the precise identification of high-risk individuals, thereby enabling more targeted prevention strategies.

Previous studies have evaluated the association between central obesity and LVMI (13, 15–17, 19, 21, 30). For example, an observational study of Italian children aged 7–16 years (n = 63) showed that high WC and WHtR were associated with an increased risk of LVH (13). Similarly, another Italian cohort study of 459 obese children with a mean age of 10.6 years demonstrated a positive association between WHtR and higher LVMI (15). Our previous two-year follow-up study on Chinese children aged 6–11 years also demonstrated that persistently high WC at baseline and follow-up had higher LVMI and higher odds of LVH (16). However, prior studies have been cross-sectional or limited to two time points, often limited by small sample sizes and inadequate control of covariates such as dietary habits, PA, changes in blood lipids, and blood glucose, on fluctuations in WC or WHtR, potentially leading to overestimation or underestimation of the true associations (6, 31). Therefore, prospective studies with multiple time points and adequate control of covariates are needed to better understand the temporal changes of central obesity and the risk of cardiac damage.

In this study, we examined the association between trajectory changes in WC or WHtR during childhood with four time points and subsequent LVH with the adjustment of full covariates. As expected (16, 32, 33), we found that both the high-increasing WC and the increasing WHtR trajectory groups were associated with a higher risk of LVH. However, we observed that the risk of LVH was reduced but not fully eliminated in the moderate-increasing WC and the decreasing WHtR trajectory groups, regardless of sex. Two prospective longitudinal cohort studies similarly showed that a moderate increase in WC and a decrease in WHtR during childhood were associated with an increased risk of carotid intima-media thickness and Type-2 diabetes in adulthood (34, 35). Inconsistent with this study, a previous two-year follow-up study showed that the increased odds of LVH could be eliminated among children who had high WC but achieved normal WC 2 years later (16). A 12-month intervention study of 86 children and adolescents aged 5–17 years with essential hypertension found that reductions in WHtR and WC predicted a decrease in LVMI (36). A cohort study of 2,898 Portuguese adolescents showed that decreasing WC trajectory from 13 to 21 years was associated with increased risk of SBP, DBP, insulin resistance, and TG among males, but not females (37). This discrepancy may be mainly attributed to differences in population, outcomes, and classifications of WC or WHtR (i.e., the previous study classified central obesity versus normal status based on two time points, which might have ignored weight regain vs. reduced WC trajectories in this study). Additionally, factors such as dietary and PA habits, as well as changes in blood lipids, glucose, and BP, might affect LVH (38). After adjusting for these covariates, we still found an increased risk of LVH among those with a moderate-increasing WC trajectory or a decreasing WHtR trajectory. These suggest that an increase in WC or WHtR can independently increase the risk of LVH among children and persist even if these measures are later reduced. These findings emphasize the importance of maintaining a healthy WC from an early age to prevent the development of sub-clinical cardiovascular damage. Adopting a healthy diet, increasing PA, reducing sedentary time, and ensuring adequate sleep can aid in maintaining a healthy WC (39, 40).

To the best of our knowledge, this is the first study examining the association of WC and WHtR trajectories with LVMI in childhood. However, several limitations must be acknowledged. First, it used convenience sampling by selecting students from a specific elementary school, therefore limiting the generalizability of the findings. Second, the influence of unmeasured confounders, such as family history of cardiovascular disease and air pollutants might have influenced both adiposity and cardiac structural changes over time. However, the aforementioned and other unmeasured confounders could have attenuated the associations between adiposity and cardiac structural changes toward the null. Third, covariates such as lifestyle behaviors were obtained through self-report, potentially introducing information bias. Fourth, the analysis was limited to gender stratification due to the small sample size.

In conclusion, this study demonstrated that rapid growth in WC and WHtR during childhood can predict subsequent LVH, and the risk persists even if WC and WHtR are later reduced or reversed. These findings underscore the need for early prevention and continuous monitoring of WC and WHtR, along with long-term management of central obesity in children, to help prevent future sub-clinical cardiovascular damage.
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Purpose: This study aimed to investigate the association between serum calcium levels and periodontitis in a U.S. adult population, using data from the National Health and Nutrition Examination Survey (NHANES) 2009–2014.
Method: Data were analyzed from 8,601 participants aged over 30 years, who were categorized based on the presence or absence of periodontitis. Serum calcium levels were measured using standardized NHANES protocols, and periodontitis status was determined through clinical oral examinations. To assess the relationship between calcium levels and periodontitis, multivariate logistic regression models were applied across three levels of adjustment. Additionally, trend tests and subgroup analyses were conducted to explore associations across different demographic and clinical subgroups. A smoothing curve fitting and threshold effect analysis were also performed to examine potential nonlinear relationships.
Results: After adjusting multiple covariates, participants in the highest quartile of serum calcium showed an 18% reduced risk of periodontitis compared to those in the lowest quartile (OR = 0.82, 95% CI: 0.71–0.95, p = 0.0083; p for trend = 0.0057). The association remained stable across various subgroups. Smoothing curve fitting indicated a nonlinear negative correlation between calcium levels and periodontitis, though without a significant inflection point at 2.48 mmol/L (p = 0.094).
Conclusion: Elevated serum calcium levels appear to be associated with a lower risk of periodontitis in adults. These findings suggest that adequate calcium intake may play a role in periodontitis prevention, providing valuable insight for clinical guidance on nutritional and preventive strategies in periodontal health.
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1 Introduction

Periodontitis, a chronic inflammatory disease of the periodontium, leads to the progressive destruction of the supporting structures of teeth, including the gingiva, periodontal ligament, and alveolar bone (1–3). It is among the most prevalent dental diseases globally, with its occurrence varying significantly across different age groups, regions, and socioeconomic backgrounds (4–6). Clinically, periodontitis presents with symptoms such as gum swelling, bleeding, pocket formation, and, in severe cases, tooth loss. Despite advances in diagnostic techniques and treatment approaches, the current management of periodontitis remains challenging, particularly in terms of early detection, effective long-term treatment, and sustainable prevention (7–9). There are limitations in the existing diagnostic markers and therapeutic options, which emphasize the need for continued research to better understand the pathophysiology of periodontitis and explore novel preventative and therapeutic strategies (10, 11).

Calcium, an essential mineral in the human body, plays a critical role in numerous physiological processes, including bone mineralization and structural integrity, signal transduction in muscle contraction and neurotransmitter release, enzymatic activation as a cofactor in processes like blood clotting and metabolic regulation (12–14). Calcium deficiency can lead to various health issues, such as osteoporosis, muscle cramps, and cardiovascular complications, reflecting its importance in maintaining overall health (15–17). Previous epidemiological evidence suggested that calcium may also play a significant role in periodontal health (18–20). Studies indicate that adequate calcium levels might be protective against periodontitis, although the underlying mechanisms remain unclear (21, 22). A review highlighted the role of calcium and vitamin D supplementation as a non-surgical adjunctive treatment for periodontal disease, with an emphasis on female patients. Vitamin D facilitates calcium-phosphate homeostasis and bone metabolism, essential for regenerative periodontal therapies (23). This potential link between calcium and periodontitis has attracted research interest as it offers a promising avenue for exploring preventative measures against this disease.

The National Health and Nutrition Examination Survey (NHANES) database, a comprehensive resource for epidemiological studies, provides valuable data on various health conditions and nutritional factors among the U.S. population (24). The purpose of this study is to investigate the relationship between calcium intake and periodontitis using NHANES data, with the aim of offering insights that could contribute to the clinical diagnosis, prevention, and treatment of periodontitis. This study seeks to provide a scientific basis for further exploration of calcium’s role in periodontal health and guide future clinical approaches to managing periodontitis effectively.



2 Materials and methods


2.1 Study population

This study analyzed data from the NHANES database collected between 2009 and 2014. NHANES is a nationally representative, stratified, large-scale cross-sectional survey, conducted in biennial cycles to evaluate the health and nutritional status of both adult and pediatric populations in the United States. The database includes comprehensive modules on demographic characteristics, dietary intake, physical examinations, laboratory measurements, and questionnaires (24). For additional information, please refer to the NHANES website: https://www.cdc.gov/nchs/nhanes/index.htm.

In this study, data were initially collected from 30,468 individuals. Of these, 15,912 participants under the age of 30 were excluded. Additionally, 3,873 individuals were removed due to unavailable periodontal data, while another 542 were excluded due to missing calcium information. A further 1,540 participants were omitted due to incomplete data on other covariates. Ultimately, 8,601 participants met the inclusion criteria, comprising 4,647 individuals without periodontitis and 3,954 with periodontitis. Detailed information can be found in Figure 1.

[image: Flowchart depicting participant selection from NHANES 2009-2014, beginning with 30,468 participants. Exclusions include age under 30 (15,912), incomplete periodontal data (3,873), incomplete calcium data (542), and incomplete covariates (1,540), resulting in 8,601 participants: 4,647 non-periodontitis and 3,954 periodontitis.]

FIGURE 1
 Flowchart of participants selection. NHANES, National Health and Nutrition Examination Survey.




2.2 Definition of exposure

In the NHANES, serum calcium level was measured through biochemical analysis of serum samples collected from participants. Blood samples were typically drawn at the NHANES Mobile Examination Center (MEC) to maintain standardization and ensure high data quality. Calcium measurement is performed using indirect (or diluted) I.S.E. (ion selective electrode) methodology of the DxC800 system to measure calcium concentration in serum. To ensure data accuracy and reliability, NHANES implements rigorous quality control measures, including regular calibration, repeated testing, and verification procedures. For further details on the laboratory methods and quality control processes, the NHANES website provides comprehensive documentation.



2.3 Definition of outcome

The primary outcome of this study was the presence of moderate to severe periodontitis. Periodontitis was diagnosed using oral examination data gathered by licensed dentists at the mobile examination center (MEC). To ensure data reliability, dental examiners underwent comprehensive training and calibration, with continuous monitoring and periodic recalibration to maintain data quality standards. The periodontal assessment followed the Full-Mouth Periodontal Examination (FMPE) protocol, measuring attachment loss (AL) and probing pocket depth (PPD) at six specific sites on each tooth, excluding the third molars. AL represents the distance from the cemento-enamel junction to the sulcus base, while probing PPD is the depth from the gingival margin to the sulcus base. Healthy or mild periodontitis were considered as case control group and moderate or severe periodontitis were identify as case group (25, 26). Periodontitis classification adhered to the CDC/AAP criteria, as outlined in Supplementary Table 1 (27).



2.4 Consideration of covariates

This study accounted for several potential confounding variables, including age, gender, race, education level, marital status, family poverty-to-income ratio (PIR), smoking status, alcohol, hypertension, diabetes, body mass index (BMI), total protein (TP), total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen (BUN), serum uric acid, and serum creatinine (Scr). PIR was categorized into three levels: low (≤1), middle (1–4), and high (≥4). Participants were identified as smokers if they reported having smoked at least 100 cigarettes in their lifetime. Alcohol drinkers were defined as those who consumed at least 12 alcoholic beverages in the past year. Hypertension status was confirmed if participants responded “Yes” to having been told they had high blood pressure. Diabetes status was classified as diabetic, non-diabetic, or borderline based on responses to whether a doctor had ever diagnosed them with diabetes. Detailed information regarding laboratory data collection methods is available on the NHANES website.



2.5 Statistical analyses

Statistical analyses in this study adhered to CDC guidelines, incorporating appropriate NHANES sample weights and adjusting for the complex multistage survey design. Participant characteristics, stratified by periodontitis status, were compared using chi-square tests for categorical variables and t-tests for continuous variables. To assess the association between calcium levels and periodontitis, three multivariate logistic regression models were constructed. Model 1 included no covariate adjustments. Model 2 adjusted for age, gender, and race, while Model 3 included a more comprehensive adjustment for factors such as age, sex, race, educational level, marital status, PIR, smoking status, alcohol intake, hypertension, diabetes, BMI, TC, TG, HDL-C, ALT, AST, BUN, SUA, and SCr. Serum calcium levels were further divided into quartiles to apply trend tests, analyzing linear trends in the association between calcium levels and periodontitis. Subgroup analyses were conducted using stratification variables, including age, gender, race, education, marital status, PIR, smoking, alcohol, hypertension, and diabetes, with interaction tests to verify the consistency of associations across these subgroups. Additionally, smoothing curve fitting was applied to explore potential nonlinear relationships between calcium levels and periodontitis. All statistical procedures were performed using R Studio (version 4.3)1 and EmpowerStats software (version 2.0)2 (see text footnote 1). A p-value <0.05 was regarded as statistically significant.




3 Results


3.1 Baseline characteristics of study participants

A total of 8,601 participants over the age of 30 were included in the study, of whom 3,954 were diagnosed with periodontitis. Table 1 presents participant characteristics categorized by periodontal status. Compared to those without periodontitis, individuals in the case group showed higher distributions of variables such as age, TP, TG, AST, BUN, SUA, and SCr, along with lower distributions of TC and HDL-C. Additionally, BMI, ALT, and calcium levels did not significantly differ between the periodontitis and control groups. Factors associated with a higher likelihood of periodontitis included being male, non-Hispanic White, having a higher education level, being married or living with a partner, belonging to the middle-income group, smoking, and alcohol consumption.



TABLE 1 Characteristics of 8,601 participants of this study.
[image: A table comparing variables between non-periodontitis and periodontitis groups, including demographics, education, marital status, poverty-to-income ratio (PIR), smoking, drinking, health conditions, and biochemical measures. Significant differences are noted, with p-values provided for statistical significance.]



3.2 The relationship between serum calcium level and periodontitis

As shown in Table 2, the study results demonstrated an inverse association between serum calcium levels and periodontitis risk. When serum calcium levels were categorized into quartiles, both minimally and fully adjusted models indicated a negative correlation with periodontitis (p < 0.05). Specifically, individuals in the highest quartile of calcium had an 18% lower risk of periodontitis compared to those in the lowest quartile (OR = 0.82, 95% CI: 0.71–0.95, p = 0.0083; p for trend = 0.0057).



TABLE 2 OR (95% CI) and p-value for periodontitis risk across serum calcium level quartiles in NHANES 2009–2014.
[image: Table showing the odds ratios and confidence intervals for calcium levels across four quartiles, analyzed using three models. Model 1 shows no covariate adjustments, Model 2 adjusts for age, gender, and race, and Model 3 includes a comprehensive range of adjustments. Each quartile provides odds ratios with confidence intervals and p-values. Quartile 1 serves as the reference group. Additional factors adjusted in Model 3 are listed in the text note below the table.]



3.3 Subgroup analysis

Subgroup analysis was performed to evaluate the consistency of the relationship between serum calcium levels and periodontitis across different subgroups. Our results indicated that the association between calcium levels and periodontitis did not vary by subgroup. As shown in Figure 2, none of the factors—such as age, gender, race, education level, marital status, PIR, smoking, alcohol consumption, hypertension, or diabetes—affected the inverse relationship between calcium and periodontitis (all p for interaction >0.05).

[image: Forest plot displaying odds ratios (OR) with 95% confidence intervals (CI) for various subgroups. Subgroups include age, gender, race, education, marital status, PIR, smoking, drinking status, hypertension, and diabetes. OR values are plotted with corresponding p-values shown. Interaction p-values are listed on the right. The plot helps visualize variations and statistical significance across these subgroups.]

FIGURE 2
 Subgroup analysis results based on model 3. OR, odds ratio; CI, confidence interval; PIR, poverty-to-income ratio.




3.4 Smoothed curve fitting and threshold effect analysis

After adjusting for all covariates, a smoothed curve fitting was used to visually depict the relationship between serum calcium levels and periodontitis. This curve (Figure 3) showed a nonlinear inverse correlation between calcium levels and periodontitis. Threshold effect analysis further confirmed this nonlinear negative association (OR = 0.43, 95% CI = 0.24–0.78, p = 0.0057), although no significant inflection point was found at 2.48, with p-value of Logarithm likelihood ratio test = 0.094, as presented in Table 3.

[image: Graph showing the relationship between serum calcium level and periodontitis. The x-axis represents serum calcium levels ranging from 2.0 to 3.5, while the y-axis represents periodontitis levels from 0.0 to 1.0. The red line shows a negative correlation, with a decline in periodontitis as calcium levels increase, leveling off around 3.0. Dashed lines indicate confidence intervals.]

FIGURE 3
 Smoothed fitting curve indicating a non-linear negative correlation between serum calcium level and periodontitis.




TABLE 3 Threshold effect analysis of serum calcium level on periodontitis.
[image: Table showing analysis of periodontitis. The adjusted odds ratio (OR) with confidence interval for the standard linear model is 0.43 (0.24, 0.78) with a p-value of 0.0057. For the two-piecewise linear model, the turning point is 2.48 mmol/L. Calcium levels below 2.48 mmol/L have an OR of 0.31 (0.16, 0.63) with a p-value of 0.0012, while levels above 2.48 mmol/L have an OR of 2.40 (0.31, 18.48) with a p-value of 0.3997. The LRT test has a p-value of 0.094. Adjustments account for various demographic and health factors.]




4 Discussion

In this study, we investigated the association between serum calcium levels and periodontitis in a U.S. adult population, utilizing data from the NHANES 2009–2014. Our findings demonstrated a significant inverse association, with higher serum calcium levels linked to a reduced risk of periodontitis. This relationship persisted across multiple subgroups and adjustment models, and the nonlinear analysis further supported this inverse association without identifying a critical threshold point. These results suggest that maintaining adequate calcium levels could play a role in periodontitis prevention and inform both diagnostic and therapeutic strategies for periodontal health.

Previous epidemiological studies have explored the relationship between calcium levels and periodontal disease, with several studies supporting the potential protective role of calcium against periodontitis (18). For example, a study found that individuals taking vitamin D and calcium supplements showed trends of improved periodontal health, including shallower probing depths, less attachment loss, and reduced alveolar crest height loss, compared to non-supplement users (19). Research discovered that higher intakes of calcium, casein, and whey protein were associated with a lower likelihood of severe periodontitis, while vitamin D intake alone showed no significant association, highlighting the potential preventive role of calcium and protein-rich foods in periodontal health. Studies have shown that calcium supplementation may lower the risk of periodontal disease progression (28). Calcium and vitamin D supplementation had a modest positive effect on periodontal health over 1 year, though consistent dental care improved periodontal parameters in all participants, highlighting the need for further randomized trials (20). Research by Adegboye et al. and others has reported that individuals with higher calcium intake had a lower prevalence of periodontal disease among Danish adults, emphasizing calcium’s influence on maintaining periodontal health (28, 29). A systematic review explores the salivary ionomic profile in periodontitis compared to healthy controls. Findings indicate elevated levels of sodium and potassium in periodontitis patients, with calcium, copper, and manganese also showing increased trends in some studies (30). These findings contribute to a growing body of literature suggesting that calcium is a modifiable factor in periodontal disease risk.

The protective role of calcium against periodontitis can be attributed to several key biological mechanisms. First, calcium is essential for bone mineralization and structural integrity, directly influencing the alveolar bone that supports teeth (31, 32). Sufficient calcium levels are crucial in maintaining bone density, preventing resorption, and reducing susceptibility to bone loss, which is a primary characteristic of periodontitis (33, 34). Additionally, calcium plays a role in the mineralization of dental tissues, enhancing periodontal stability (33, 34). Beyond structural support, calcium also plays a critical role in cellular signaling and immune response regulation (35). It acts as a secondary messenger in various immune cells, influencing the activity of leukocytes and macrophages that are involved in inflammation and immune response (35). Adequate calcium levels help stabilize these cell membranes, potentially mitigating exaggerated inflammatory responses in the periodontal tissue, which could otherwise lead to tissue breakdown and disease progression (35). Calcium’s involvement in reducing inflammatory cytokines, such as IL-1β and TNF-α, may further decrease periodontal tissue inflammation, thereby limiting disease progression and supporting tissue healing (31, 36). A study focused on the efficacy of calcium hydroxide (Ca[OH]2) as an intracanal medication in reducing endotoxin levels in infected root canals, a condition linked to periodontal health. The findings reveal that Ca[OH]2 significantly decreased lipopolysaccharide levels, especially when combined with antimicrobial agents like chlorhexidine. The paper highlights its role in modulating inflammatory mediators, emphasizing its potential relevance to systemic effects linked to periodontitis (37). Finally, calcium may aid in vascular health, as calcium-dependent signaling is crucial for vascular tone and endothelial function, potentially affecting the blood supply and healing capacity of periodontal tissues (38).

Considering current evidence, calcium intake appears to have potential applications in periodontitis prevention, particularly in at-risk populations. Increasing dietary calcium intake or considering supplementation in individuals with low serum calcium levels could be beneficial in maintaining periodontal health. Given the positive outcomes observed in this study, further investigation is warranted to evaluate calcium’s role in periodontal health across diverse populations and to explore its potential as a preventive measure in clinical practice.

This study has several notable strengths. A primary strength is the use of data from the NHANES database, a large, nationally representative survey that ensures robust and generalizable findings across diverse demographic groups. Additionally, the study design included a thorough adjustment for potential confounders, such as lifestyle factors (smoking, alcohol use), demographic variables (age, gender, income), and health conditions (hypertension, diabetes), which strengthens the reliability of the observed associations. The use of advanced statistical techniques, including nonlinear analysis and threshold effect analysis, allowed for a nuanced understanding of the calcium-periodontitis relationship, providing insights that extend beyond a simple linear association.

However, there are also limitations to consider. The cross-sectional nature of the study limits the ability to draw causal inferences between serum calcium levels and periodontitis risk. Longitudinal studies would be required to determine whether calcium deficiency directly contributes to periodontitis development over time. Another limitation is the reliance on self-reported data for some variables, such as smoking and alcohol use, which may introduce recall bias. Additionally, unmeasured confounders, such as dietary habits and genetic predispositions, could influence both serum calcium levels and periodontitis risk, potentially impacting the observed association. Lastly, while this study highlights the potential importance of calcium in periodontal health, the exact optimal serum calcium levels and the role of dietary calcium intake versus serum calcium concentration remain to be fully clarified. Future research should aim to address these limitations through well-designed, longitudinal studies with precise measurement of dietary calcium intake and more detailed biochemical assessments.



5 Conclusion

This study found an inverse relationship between serum calcium levels and periodontitis risk, suggesting that adequate calcium may help protect against periodontal disease. Increasing calcium intake could benefit individuals at higher risk, particularly those with low serum calcium. While promising, further research is needed to confirm causality and determine optimal calcium levels for periodontal health, potentially informing future preventive and therapeutic strategies.
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Introduction: Adolescence is a phase of life marked by rapid growth. Adequate nutrition is essential during this developmental stage, leading to significant physical performance, improved cognitive ability, and productivity. Improving adolescent girls’ nutrition is crucial for breaking the intergenerational cycle of malnutrition, but research in Pakistan has largely focused on children under five and pregnant women, often neglecting this vulnerable group.
Objective: This study aimed to determine the contextual and sociodemographic factors contributing toward undernutrition to improve the health and nutritional status of adolescent girls.
Methods: A school based cross sectional study was conducted as the baseline survey for a mixed methods study leading to a pilot cluster randomized controlled trial. n = 84 girls (10–14 years) from two public schools were selected by simple random sampling. Data were collected through a structured questionnaire including socio demographic profile, anthropometric measurements, dietary patterns, preferences, safe water and hygiene practices, access to health care facilities, and understanding of malnutrition-related symptoms. The data collected were analyzed through SPSS version 27.0. The chi-square test was used to determine the association between the two BMI categories; underweight and normal weight, and various socio-demographic variables.
Results: Among the total of 84 adolescent girls, overall mean height was 143.9 ± 8.1 cm and mean weight was 34.4 ± 6.9 kg, while mean BMI was 16.4 ± 2.2 kg/m2. 86.9% of girls were underweight, whereas 13.1% had a normal BMI. The z-scores for both height-for-age and BMI-for-age were in negative values, i.e., −1.62 ± 0.89 and −1.18 ± 1.05, respectively.
Conclusion: Findings of this study demonstrated that the high burden of underweight among school-going adolescent girls needs targeted approaches like nutrition education interventions to enhance awareness about healthy dietary behaviors, food preferences, and ensuring access to safe, sufficient, and healthy diet.
Recommendation: A multipronged approach is required to improve health and nutritional status of adolescent girls by involving individuals, families, education sector, health and other relevant sectors. Larger scale studies are still required for better understanding of the issue and to guide in designing targeted programs to address specific needs of this particular age group.
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1 Introduction

Nutrition is fundamental to health and growth at every stage of life. From fetal development to old age, it supports survival, physical and mental development, productivity, and overall well-being. Adolescence marks a decisive juncture in life, characterized by rapid growth, requires proper nutrition to ensure healthy development. The consequences of inadequate nutrition during adolescence can resonate throughout the life course, affecting their physiological systems, growth and development and predisposing individuals to nutrition-related chronic ailments in adulthood (1).

A sustainable diet is imperative during this period to avert under nutrition, poor academic performance, compromised health, behavioral and psychological developmental issues, pregnancy related complications, and reduced productivity. Food insecurity seriously affect children and adolescents (2).

Globally, there are approximately 1.3 billion adolescents aged 10–19, with 90% residing in low and middle-income countries (LMICs), where they constitute a significant proportion, representing over 16% of the world’s population (3). Alarmingly, nearly half of adolescents in several countries are at risk of under nutrition, threatening their growth trajectories during this critical phase. Adolescence witnesses a rapid surge in growth, with individuals gaining up to 20% of their adult height, 50% of peak bone mass and 50% of their adult body weight (4).

In 2019, adolescents aged 15–19 in low- and middle-income countries (LMICs) experienced an estimated 21 million pregnancies annually, with about 50% of these pregnancies being unintended, leading to approximately 12 million births, imposing significant strain on their bodies and jeopardizing both their own growth and the well-being of their offspring (5). Adolescent pregnancy perpetuates the intergenerational cycle of malnutrition, particularly under nutrition, contributing to high maternal and child mortality rates with a continuous cycle of compromised health and poverty, especially in low middle income countries with fragile health systems. Adolescent mothers face greater risks of mortality and morbidity during childbirth compared to older counterparts and are more susceptible to nutritional deficiencies (6).

The health and nutritional status of adolescent girls profoundly affect not only their own well-being but also increase the incidence of poor birth outcomes. Efforts must be directed toward providing comprehensive nutritional support, delaying marriage and pregnancy, and breaking the cycle of under nutrition across generations (7). Beyond nutrition, economic conditions, education, social, and environmental factors play pivotal roles in optimal growth during adolescence and support future well-being (8). Social determinants of health have significant impact during this phase, influencing the nutritional status of future generations. Addressing food insecurity, providing access to healthcare and education with emphasis on dietary counseling and dietary diversity, along with familial and interpersonal networks, strongly impact adolescent health (9).

Investing in adolescents through contextually relevant programs and policies can yield substantial dividends in improving health outcomes, particularly in resource-constrained settings. Multisectoral collaboration incorporating health, education, and nutrition sectors is essential to address the multifaceted challenges faced by adolescents and to foster holistic development among individuals, communities, and nations (10).

In South Asia, adolescents make up about 30% of the population, yet they face significant disparities in health, education, and nutrition. In many low- and middle-income countries, adolescent nutrition programs are often neglected, and discriminatory practices around nutrition are widespread. South Asian countries are facing malnutrition crisis with insufficient progress to improve adolescent health and nutritional status. It is crucial to implement effective interventions to improve adolescent nutritional status (11). According to the current estimates, Pakistan is the fifth most populous country in the world and the adolescents’ population is remarkably increasing. 22.7% of the population are adolescent girls. Almost one in eight adolescent girls (11.8%) is underweight, while 56.6% of adolescent girls are anemic requiring utmost attention, while in Sindh province, 16.6% of adolescent girls are underweight, which is the highest of all provinces of Pakistan. Karachi is the biggest metropolitan city of Sindh, Pakistan. 55.7% girls are anemic and 14.9% are underweight in District Malir of Karachi (12).

Under nutrition among adolescents is one of the challenges currently faced by Pakistan, which is threatening productivity of our human capital. It is imperative to design nutrition-related interventions while considering the country’s specific contextual factors, to effectively reduce the high burden of nutritional deficiencies. Key factors include limited resources, food insecurity, lack of education, inadequate health services, individual knowledge and practices related to nutrition, all shaped by the sociocultural, economic, and political environment (13). The context specific multifaceted interventions need to be implemented at the individual, household, and community levels, as well as within the health sector, education, food systems and other relevant sectors (14).

This study aims to identify the factors contributing to adolescent undernutrition by examining contextual influences including socio-cultural dynamics. It seeks to develop culturally sensitive nutrition-related interventions by engaging adolescents, their families, teachers, and communities, using schools as a platform to test the feasibility, acceptability and implementation of these interventions.



2 Materials and methods


2.1 Study design, period and area

This cross-sectional study was conducted as a baseline survey before initiating the mixed methods study leading to the pilot cluster (RCT) randomized controlled trial for PhD research after approval from the research and ethics committee of health services academy, Islamabad. The study was conducted in two union councils of Gadap, District Malir, Karachi, Sindh in February 2022. The two areas had similar contextual characteristics, socioeconomic status, cultural diversity etc.



2.2 Source population, study population and study unit

The source population was adolescent girls (10–14 years of age). Our study population consisted of the adolescent girls enrolled in public schools of two union councils Dumba Goth and Memon Goth of district Malir, Karachi, Sindh, Pakistan. Study units were government schools.

Unmarried Adolescent girls (10–14 years) enrolled in the schools and residents of the selected union councils were included while unmarried adolescent girls (10–14 years) with history of recent acute disease in last 7–10 days were excluded from the study.



2.3 Sample size determination, technique, and sampling procedure

By using RaoSoft online sample size calculator, with estimated study population, i.e., adolescent girls of 14,560 (i.e., 22.7% of total population 64,192 according to Census 2017) in Gadap, District Malir, 5% margin of error (confidence interval), 80% study power and a response distribution of 50%, the sample size was calculated to be 375 for randomized controlled trial.

According to Lewis (15), extant literature suggests that a pilot study sample should be 10% of the sample projected for the larger study.

Thus, sample size for the pilot study was: 10% of 375 = 38.

After adjusting it for a 10% loss to follow up, there were 42 participants in each group and 84 participants in total. A simple random sampling technique was used. Unit of randomization were schools. After that eligible students fulfilling inclusion criteria were recruited for the study.



2.4 Study variables

The Main outcome variable was nutritional status of adolescent girls evident by their Mid upper arm circumference (MUAC) and Body Mass Index (BMI). Other independent variables were age, family size, family income, educational status of father, educational status of mother, occupation of father, house ownership, house structure, vehicle ownership, household environment including the source of drinking water, household latrine facilities, hand washing, food frequency, food diversity, food security, media exposure etc.


2.4.1 Operational definitions


2.4.1.1 BMI

It is a measure to represent nutritional status in adolescents. It is calculated as person’s weight in kilograms divided by the square of the person’s height in meters (kg/m2).



2.4.1.2 MUAC

It is the anthropometric measure used to assess the nutritional status of the individuals by measuring the circumference of the upper arm at the midpoint between the tip of the shoulder and the elbow bent at 90 degree angle by using a MUAC tape (16).



2.4.1.3 Food security

Food security is defined when all people, at all times, have physical and economic access to sufficient safe and nutritious food that meets their dietary needs and food preferences for an active and healthy life (17).



2.4.1.4 Dietary patterns

These are the quantities, proportions, variety, or combination of different foods, drinks, and nutrients in diets, and the frequency with which they are habitually consumed (18).



2.4.1.5 Nutritional status

Nutritional status refers to the evaluation of an individual’s health in terms of their diet, body weight, and biochemical data (19).





2.5 Data collection methods

Data were collected from the schools selected randomly in two union councils of Gadap: Dumba Goth and Memon Goth. The list of schools was obtained from the District Education Office, Malir, Karachi. Lists of students were provided by school authorities, and students were selected by simple random sampling.

The structured questionnaires for baseline survey included socio demographic profile, history, anthropometric measurements, dietary behaviors, preferences, access to health care facilities, safe water and hygiene practices, and understanding of malnutrition-like symptoms. The questionnaire was pretested in similar settings.

For anthropometric measurements, standing height was measured using a stadiometer. For measuring height, participants were asked to stand barefoot and look forward with shoulders, buttocks, and heels touching the vertical surface of the stadiometer. Before measuring height, all the participants were asked to fill the rib cage with air. Weight was measured using electronic scales and participants were weighed with light clothing and without shoes. Mid upper arm circumference was measured by nonelastic measuring tape (MUAC tape) to measure the posterior surface of the upper left arm, with the person standing, weight even on both feet, and facing away from the examiner. The elbow of the left arm bent at a 90-degree angle, left palm facing up. The upper-arm length was then measured. The tape was positioned at the shoulder blade and extended to the elbow. With the tape in place, the examiner placed a mark on the posterior surface as the midpoint of the arm. The measuring tape was positioned at the midpoint and wrapped around the arm, without causing a compression of the skin, and was measured to the nearest 0.1 cm.



2.6 Data analysis

The data were managed and analyzed using Statistical Package for Social Sciences (IBM SPSS, version 27.0). Descriptive analysis of continuous variables was reported as mean and standard deviation, while categorical data including the baseline socio-demographics, food preferences, food security, dietary patterns and symptoms of malnutrition were described and presented as frequency and percentages. The inferential statistics were performed to compare the nutritional status with baseline survey data. The nutritional status was determined in terms of BMI (as categorical variable with two classes, i.e., normal and underweight), and MUAC (as a continuous variable). The BMI categories were compared with socio-demographic variables, dietary patterns, food preferences, food security and malnutrition symptoms by applying Chi-square test, whereas mean MUAC was compared among the same set of variables by applying Independent-samples T-test or one-way ANOVA depending on the nature of categorical variables. A p-value of less than or equal to 0.05 was considered significant.




3 Results


3.1 Demographic characteristics

Out of 84 study participants, 38 (45.2%) belonged to the intervention group, while 46 (54.7%) were from the control group. All the study participants were school-going adolescent females, with overall mean age of 12.5 ± 1.0 years. Mean age of menarche was reported to be 11.8 ± 2.1. Overall, the mean school year was 6.12 ± 0.6. The mean family size was 7.6 ± 2.5. On average, there were total 3.0 ± 1.7 adults in the family, average number of children was 4.8 ± 2.2, whereas average number of siblings was 4.3 ± 2.0. Table 1 gives a summary of demographic characteristics in detail.



TABLE 1 Summary of demographic, anthropometric and socioeconomic data.
[image: A detailed table presents demographic and socioeconomic data for a group of 84 respondents. Key variables include age, school years, family size, number of adults and children, siblings, physical measurements like height and weight, BMI, father's occupation and income, house ownership, water supply, sanitation, cooking fuel type, presence of animals, and access to television and transport. Also included are the educational levels of the respondents' parents. Each entry lists the mean or percentage with standard deviations where applicable.]



3.2 Anthropometric measurements

Anthropometric measurements, including weight, height, mid-upper arm circumference, body-mass-index and z-scores for height-for-age and BMI-for age were measured. The overall mean weight was 34.4 ± 6.9 kg, while mean BMI was 16.4 ± 2.2 kg/m2.

For BMI categories, majority of the participants, 73 (86.9%) were underweight (BMI <18.5 kg/m2), whereas 11 (13.1%) had normal BMI of 18.5–24.9 kg/m2. The z-scores for both height-for-age and BMI-for-age were in negative values, i.e., −1.62 ± 0.89 and −1.18 ± 1.05, respectively. Table 1 gives a summary of anthropometric measurements in detail.



3.3 Socioeconomic characteristics

Table 1 gives detailed general socioeconomic analysis. It was found that there were overall 50 (59.5%) participants whose father were self-employed, and the mean monthly income was reported to be 20,781 ± 8,547 Pakistani Rupees. On average the mean pocket money was reported to be 29.3 ± 16.8 Rupees with maximum of 100 Rupees.

There were 11 (13.1%) participants living in rented houses, while 73 (86.9%) lived in their own house. The water supply was piped for 75 (89.3%), while 6 (7.1%) used well water as main water source, others including 1 (1.2%) got water from natural spring, 1 (1.2%) common water tank, 1 (1.2%) canal/river for daily use purposes. For defecation, there were 60 (71.4%) participants who reported to have household latrine, while 24 (28.6%) reported other type of latrine which was not located inside the house. Seventy-four (88.1%) participants reported to only use sui gas in the kitchen, while 61 (72.6%) used wood/straw in addition to sui gas for cooking food, and 8 (17.4%) reported to use cylinder gas alone or in addition to sui gas for cooking food. It was found that 11 (28.9%) participants had no vehicle owned at home, 58 (72.5%) had motorbikes, while 5 (6.3%) and 6 (7.5%) had cars and cycle for transportation.

In terms of father’s educational status, overall, there were 25 (29.8%) participants whose fathers were not able to read or write, while fathers of 34 (40.5%) participants had less than primary education, fathers of 19 (22.6%) had primary education and fathers of 6 (7.1%) had secondary education level.

In terms of mothers’ educational status, overall, there were 49 (58.3%) participants whose mothers were not able to read and write, while mothers of 27 (32.1%) participants had less than primary level education, and mothers of 8 (9.5%) participants had primary education as shown in Table 1.



3.4 Dietary patterns

It was reported by 72 (85.7%) participants that they think their appetite is good. Most of the participants, 71 (84.5%) reported eating two proper meals on a daily basis most of the times, while 10 (11.9%) used to have three proper meals, and 3 (3.6%) reported to have single proper meal daily as shown in Table 2.



TABLE 2 Dietary patterns, preferences and food security.
[image: A survey results table for dietary patterns and food security among 84 participants. It includes sections on appetite, meal frequency, snack habits, meal skipping, junk food intake, food preferences, non-food cravings, daily food availability, food shortages, and household meal equality. Key findings show most have a good appetite, usually eat three meals daily, often skip meals, and occasionally consume junk food. A majority express a desire to eat more meat and cereals. Most households have equal meal distribution, though some males eat first.]



3.5 Food preferences

As a part of the survey, the participants were asked if there is any food that they would like to eat more, in reply to this there were 83 (98.8%) participants who said yes. In respect of specific foods groups, 59 (70.2%) participants wanted to eat more meat (chicken, mutton, fish, beef), 18 (21.4%) wanted to eat more dairy products, 61 (73.5%) wanted to have more cereals, 42 (50.0%) wanted to have more eggs, 53 (63.1%) and 61 (72.6%) desired to eat more vegetables and fruits respectively, 29 (34.5%) wanted to eat more pulses, while 26 (31.0%) and 40 (47.6%) wanted to have more junk food and sugary/sweet food items as depicted in Table 2.



3.6 Food security

The participants were asked if they had enough food at home to eat each day, where 34 (40.5%) and 38 (45.2%) reported sometimes and always respectively, while 9 (10.7%), 1 (1.2%) and 2 (2.4%) reported sometimes, rarely and never, respectively. Majority of the participants, 80 (95.2%) reported that all the household members had same quantity/quality of food, while 4 (4.8%) reported that males had more quantity of food as compared to females, where majority of such patients 3 out of 4 belonged to the intervention group as given in Table 2.



3.7 Malnutrition and related symptoms

As shown in Table 3, there were 28 (33.3%) participants who were extremely satisfied with their current health, 32 (38.1%) were moderately satisfied, 18 (21.4%) were somewhat satisfied, 5 (6.0%) were slightly satisfied while 1 (1.2%) was not at all satisfied with current health. There were only 6 (7.1%) participants who reported to get constipated sometimes, and only 15 (17.9%) participants reported to have small/dry stools rarely.



TABLE 3 Study participants’ responses to malnutrition-related symptoms.
[image: Table showing survey results regarding malnutrition-related symptoms among 84 participants. Satisfaction with current health: 1.2% not satisfied, 6% slightly satisfied, 21.4% somewhat satisfied, 38.1% moderately satisfied, 33.3% extremely satisfied. Leg cramps: 48.8% sometimes. Breathlessness: 42.9% sometimes. Constipation: 81% never. Small/dry stools: 81% never. Passing worms in stools: 84.5% never. Skin, eyes, mouth changes: 70.2% noticed. Types of changes include hair loss (63.4%) and skin itching (28.6%).]



3.8 Associative relationship between BMI category and other socio-demographic variables

The chi-square test of association was used to determine the association between the 2 BMI categories; underweight and normal, and various other socio-demographic variables measured in the study, as shown in Table 4.



TABLE 4 Associative relationship between BMI categories and socio-demographic variables.
[image: Table comparing socio-demographic variables between underweight and normal BMI categories. Variables include family size, number of siblings, father's monthly income and occupation, house ownership, housing structure, water supply, sanitation facilities, presence of animals, ownership of TV and transport, and parental education levels. Statistical significance is noted with p-values for each variable.]

All variables were not found to have a statistically significant association with BMI of the respondents. The source of water supply was found to be insignificantly associated with BMI (p = 0.971), as were father’s education level (p = 0.529), defecation place (p = 0.125), and family size (p = 0.432).



3.9 Associative relationship between BMI category and dietary patterns, preferences and food security

A higher number of participants belonging to underweight BMI category reported to have bad appetite as compared to participants with normal weight, such participants reported to consume 2 or less number of meals per day, some of them reported not taking snacks between meals, and a higher number of underweight participants reported that they skip meals most of the times as given in Table 5, but these differences were not statistically significant. A significantly higher number of participants belonging to the underweight BMI category were found to consume non-food items such as mud/clay as compared to those with normal weight (p = 0.046) as shown in Table 5.



TABLE 5 Association of BMI categories with dietary patterns, preferences and food security among study participants (n = 84).
[image: A table comparing dietary patterns, food cravings, and food security between underweight and normal BMI categories. The table includes questions about appetite, meal frequency, meal skipping, junk food consumption, non-food cravings, food availability, and family meal habits. Each question lists responses with percentages for both BMI categories, alongside p-values indicating statistical significance. Significant differences are noted for cravings for mud or clay, with a p-value of 0.046.]



3.10 Associative relationship between BMI category and malnutrition-related symptoms

It was also more number of participants belonging to underweight category reported to be slightly or not at all satisfied with their current health status, higher number of such participants to experience mostly or always experience cramps in legs, higher number of such participants reported to get breathless while walking/working/climbing stairs, there were more participants belonging to underweight group reporting that they notice worms in stools, and have recently notices changes in skin, eyes or mouth as compared to those with normal BMI as given in Table 6, but the differences were not statistically significant.



TABLE 6 Association of BMI categories with malnutrition-related symptoms (n = 84).
[image: Table comparing health satisfaction and symptoms by BMI categories for underweight (n=73) and normal BMI (n=11), with corresponding p-values. Variables include health satisfaction, leg cramps, breathlessness, constipation, stool characteristics, and recent skin, eye, or mouth changes. Percentages are provided for each response category within BMI groups.]



3.11 Associative relationship between MUAC and other socio-demographic variables

There was no significant difference observed between MUAC and family size, number of siblings or father’s income.

MUAC was also found to have non-significant relationships with all of the socio-demographic variables and showed very weak correlation with these variables as well (Table 7).



TABLE 7 Association of MUAC with socioeconomic status.
[image: A table presents data categorized by father's occupation type, house ownership, housing structure, water supply, sanitation, animal presence, home amenities, transportation, father's education, and mother's education. Each category includes mean MUAC (Mid Upper Arm Circumference) with standard deviation values, and associated p-values. Categories like father's occupation list options such as private employee, self-employed, government employee, and unemployed, with corresponding MUAC data and p-values. Other sections cover house ownership types and water sources, displaying similar statistical data.]



3.12 Associative relationship between MUAC and dietary patterns, preferences and food security

Participants who reported to have bad appetite had slightly lower mean MUAC, participants taking one meal per day had low mean MUAC, participants who never or rarely took snacks in between meals had lower mean MUAC values, but these differences were not statistically significant as given in Table 8. Whereas significant difference was observed when mean MUAC was compared between participants reported to crave for mud or clay, where those who craved for mud/clay had significantly lower mean MUAC readings as compared to those experiencing no such cravings (p = 0.021). MUAC was also found to be statistically significantly associated with food shortage (p = 0.005).



TABLE 8 Association of MUAC with dietary patterns, preferences and food security among study participants (n = 84).
[image: Table displaying dietary patterns, food cravings, and food security among 84 individuals measured by MUAC. It includes variables like appetite, meal frequency, skipping meals, eating junk food, and food shortages with mean values, standard deviations, and p-values. Significant findings include non-food cravings for chalk and food shortages, denoted by an asterisk (p < 0.05).]



3.13 Associative relationship between MUAC and malnutrition-related symptoms

Participants who reported having experienced leg cramps most of the time had comparatively lower mean MUAC as compared to others, participants who noticed worms in their stool also had lower mean MUAC as compared to others, and participants who had noticed recent changes in their skin, eyes and mouth also had lower mean MUAC values, as given in Table 9. MUAC was significantly associated with leg cramping (p = 0.031) and with the occurrence of constipation evidenced by small/dry stools (p = 0.021).



TABLE 9 Association of MUAC with malnutrition-related symptoms.
[image: A table presents data on health-related variables among 84 participants, including satisfaction with current health, cramps in legs, breathlessness, constipation, small/dry stools, worms in stools, and changes in skin, eyes, or mouth. Mean values with standard deviations are shown alongside p-values. Notable significant results (p < 0.05) include cramps in legs and small/dry stools. An asterisk denotes statistical significance.]




4 Discussion

This study aimed to assess the various contextual and socio-demographic factors associated with the health status, particularly BMI levels and MUAC scores of school children. The study reported a prevalence of 86.9% students in the underweight category and mean BMI for age z-score value of −1.18 ± 1.05. Another study conducted in Punjab, Pakistan that assessed the BMI values of school children aged 10 years and above also found lower BMI values in the study participants as compared to the CDC and WHO growth chart references. The mean BMI value for 12 year olds in this study, which is also the mean age in our study, was 17.36 which falls in the underweight category (20). Another study conducted in Multan on school children also found anthropometric measurements consistent to our study. This study reported mean height, weight and BMI values to be 136.49 cm, 35.76 kgs and 18.40 kg/m2, respectively, as compared to our study’s values of 143.9 cm, 34.4 kg and 17.36 kg/m2. Both weight and height in both studies were also lower than the standard WHO references, mainly due to the pre-pubertal growth spurt in female children during this age (21). Pakistani children are at a higher risk of being underweight as compared to being overweight and obese and the prevalence of underweight children has steadily increased over the years. Another study found the prevalence to be 21.9% as compared to only 2.1% of school children falling below normal BMI values in China (22). The contributing factors include social, economic, education and environmental differences among countries, some of which have been assessed in our study.

One of these primary contextual factors is household income. Our study found the mean household income to be 20,781 rupees which is lower than the average Pakistani household income of 41,545 rupees (23). Another study conducted in the Philippines found significant associations between household income and weight for age z-scores in school children. Household income has direct effects on food security and availability of food to a family. Additionally, the quality and accessibility of foods is also compromised, which leads to negative nutritional impacts as depicted by lower weight for age z-score (WAZ) and height for age z-scores (HAZ), as well as lower BMI levels (24). Another important determinant of children’s nutritional status is the presence of latrines/washrooms. A Nigerian study reported that 6.3% of household had no proper washrooms and the most commonly available type of latrines were ‘pit latrines’ present in 93.7% households (25). A Bangladeshi study found open defecation practices in 12.4% of the study population and was significantly associated with poor hand washing practices leading to under nutrition in children (26). Our study reported the absence of proper latrines in 28.6% homes, which is higher than both the studies mentioned and has serious health and nutrition consequences for the study population.

Drinking water sources also poses serious health risks to the population and contaminated water results in 2.3 billion cases of water-borne diseases annually, with the majority being children. Water-borne disease prevalence in Pakistan is reported to be 20–40 and 70% of the water wells and springs, which are the main water source for the Pakistani population, are contaminated with industrial and bacteriological agents. This has resulted in increasing prevalence of diarrhea, dysentery and hepatitis, particularly in children. A study in district Bajaur, Pakistan reported tube wells, wells and hand wells to have the highest water quality while springs had the poorest water quality and had slightly acidic pH (27). In our study 89.3% of the population got drinking water from piped sources while only 1.2% reported spring water use, which depicts the use of comparatively safe drinking water. Our study also assessed parents’ literacy level and found 50% of fathers have primary level education and 41.6% mothers possess basic reading and writing skills. An Indian study assessed the relationship between parent’s education levels and children’s nutritional status and found undernourishment prevalence to be higher among children of uneducated parents, however the association was found insignificant (p < 0.11). However, parental education directly impacts a household’s income, living standard, food security and nutrition knowledge, it indirectly leads to poor nutritional status and development of children (28).

BMI was found to not be significantly associated with any of the socio-demographic and malnutrition variables. There was also no significant relationship between BMI and water supply source of the household (p = 0.971). These findings are again consistent with another study which found no significant association between water source and z-scores of children consuming water from wells, surface water and basic piped water supply. This suggests that merely improving a community’s water supply alone does not make significant impacts on improving children’s nutritional status (29).

However, when associated with dietary patterns and food preferences, BMI categories were found to be significantly associated with consumption of non-food items like mud and clay (p = 0.046). This recurrent consumption of non-nutritive substances is termed as ‘pica,’ which is an understudied feeding disorder among children. It has been linked with the development of eating disorders and subsequent malnutrition among children. Therefore, studies have focused on assessing the association between pica and BMI levels, and one such longitudinal study associated BMI z-scores with pica occurrence but found no significant association between the two, however, the study found a significant association between pica and eating difficulties which indirectly influence BMI levels in children (30).

Our study also assessed the association between MUAC and various socio-demographic variables but did not find significant relationships between them. We found family income and MUAC to have a statistically insignificant association between the two (p = 0.283). However, another Pakistani study found a significant relationship between family income and MUAC scores of children (p = 0.04), with a greater prevalence of lower MUAC scores in low-income families. This is also consistent with another south Indian study that found two thirds of children with low MUAC scores to have a lower household income (31). Our study also found no significant association between water supply and MUAC (p = 0.970). this finding is consistent with a Bangladeshi study that also found no significant associations between the source of drinking water and under nutrition evidenced by MUAC scores (p = 0.649). However, the same study did find a statistically significant relationship between water source for washing utensils and MUAC (p = 0.00) (32). Types of latrines such as household latrines or open defecation were also not found to have any association with MUAC levels (p = 0.799) as per our study’s findings. This is like a West African study which also found that the place of defecation had no effect on MUAC scores (p = 0.12). However, the study reported that social desirability bias when answering whether in-house of open latrines were used, may have resulted in a non-significant finding in this case (33). Father and mothers’ education levels were both found to be insignificantly associated with MUAC levels with p-values of 0.674 and 0.541, respectively. The same results were found in a Kenyan study which also reported mother’s education level to have no impact on child under nutrition (p = 0.60), although the prevalence of stunting was higher in children (31.3%) with mothers who had lower education levels (34).

When MUAC was associated with dietary patterns, food preferences and food security, significant relationships were found with consumption of mud/clay (p = 0.02) and with food shortage at home (p = 0.005). Another study conducted in the USA also found a positive association between food insecurity and low MUAC levels in children and found food insecurity during early childhood to influence eating patterns during this period of rapid growth and increased dietary requirement. Lower MUAC levels can be indicative of both acute and chronic undernutrition but in case of long term food insecurity, it is usually the latter, as in case of acute malnutrition, MUAC levels turn to normal within a year after food security is established (35). An Indian cross-sectional study in the resource poor settings also indicated that individuals with household food insecurity are likely to have inconsistent dietary patterns consequently increasing the likelihood of being underweight (31).

Any substantial relationship between undernutrition, demographic and socioeconomic variables could not be established except for a few indicators. The reason could be inadequate nutrition and health related education. A study on integrating nutrition-related education into the schools in low middle income countries suggests how undernutrition and overnutrition be addressed through essential nutrition-related interventions in the school environment by engaging the individuals, families and community members with multi-sectorial collaboration (32).


4.1 Study limitations and generalizability

Some of the study’s limitations included that the study was conducted in only two union councils of one subdivision, Gadap, of Gadap town in District Malir. The results of the study cannot be generalized as it was conducted in two schools only due to time and resource constraints, there was a limited study sample. Larger scale study might have led to stronger associations and correlations. Data collected were based on self-reports, which are subject to bias, since we had no means of verification beyond the girls’ own statements. Additionally, there were some concerns regarding safety and security.




5 Conclusion

Our findings show that majority of adolescent girls were underweight and were low height for age. MUAC and BMI were found to be associated with dietary patterns, food preferences and food insecurity. The high burden of underweight among school-going adolescent girls needs targeted approaches like nutrition education interventions to enhance awareness about healthy dietary behaviors, food preferences and ensuring access to safe, sufficient, and healthy diet.

Delivering essential nutrition-related interventions in the school settings should be considered to improve health and nutritional indicators. Nutrition and health related education play a crucial role in shaping adolescents’ capability to recognize their nutritional requirements, make healthier food choices, develop sound dietary habits, and manage undernutrition effectively.

A comprehensive approach is required, engaging not only the individuals but also involving families, community members, the educational system, health system, and other relevant sectors. By adopting a multifaceted strategy, we can address the various factors influencing adolescents’ nutritional and health outcomes.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Institutional Review Board of the Health Services Academy (F. No. 2225-HSA/PhD-2017). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

SZ: Conceptualization, Data curation, Methodology, Writing – original draft, Writing – review & editing. BS: Conceptualization, Methodology, Supervision, Writing – original draft, Writing – review & editing. ZM: Data curation, Writing – original draft. AA: Data curation, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was partially funded by the Health Services Academy, Islamabad.



Acknowledgments

The authors express their gratitude to the Health Services Academy for granting ethical clearance for this study. We also appreciate the District Education Office Malir, as well as the heads of the schools, for their support and permission to conduct the study. Our appreciation extends to all the students who participated in this research.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 1. Norris, SA, Frongillo, EA, Black, MM, Dong, Y, Fall, C, Lampl, M , et al. Nutrition in adolescent growth and development. Lancet. (2022) 399:172–84. doi: 10.1016/S0140-6736(21)01590-7
	 2. Frongillo, EA, Adebiyi, VO, and Boncyk, M. Meta-review of child and adolescent experiences and consequences of food insecurity. Glob Food Sec. (2024) 41:100767. doi: 10.1016/j.gfs.2024.100767 
	 3. Adolescents Statistics - UNICEF DATA. Available at: https://data.unicef.org/topic/adolescents/overview/
	 4. Innovations SMDJ of M, 2024 undefined. A study on anemia in adolescent girls due to food habit at Gazipur District in Bangladesh. Res MadhuDinkum J Med Innov 2024 researchgate.net. Available at: https://www.researchgate.net/profile/Sandra-Madhu/publication/385619037_A_Study_on_Anemia_in_Adolescent_Girls_Due_to_Food_Habit_at_Gazipur_District_in_Bangladesh/links/672c8a40db208342def08f91/A-Study-on-Anemia-in-Adolescent-Girls-Due-to-Food-Habit-at-Gazipur-District-in-Bangladesh.pdf
	 5. Adolescent Pregnancy. Available at: https://www.who.int/news-room/fact-sheets/detail/adolescent-pregnancy
	 6. Sully, EA, Biddlecom, A, Darroch, JE, Riley, T, Ashford, LS, Lince-Deroche, N , et al. Adding it up: investing in sexual and reproductive health 2019. (2020). Available at: https://www.guttmacher.org/report/adding-it-up-investing-in-sexual-reproductive-health-2019
	 7. Tiruneh, FN, Tenagashaw, MW, Asres, DT, and Cherie, HA. Associations of early marriage and early childbearing with anemia among adolescent girls in Ethiopia: a multilevel analysis of nationwide survey. Arch Public Health. (2021) 79. doi: 10.1186/s13690-021-00610-7
	 8. Avedissian, T, and Alayan, N. Adolescent well-being: a concept analysis. Int J Ment Health Nurs. (2021) 30:357–67. doi: 10.1111/inm.12833
	 9. Baxter, JAB, Wasan, Y, Islam, M, Cousens, S, Soofi, SB, Ahmed, I , et al. Dietary diversity and social determinants of nutrition among late adolescent girls in rural Pakistan. Matern Child Nutr. (2022) 18. doi: 10.1111/mcn.13265
	 10. Investing in our future: a comprehensive agenda for the health and well-being of children and adolescents. Available at: https://iris.who.int/handle/10665/350239
	 11. Estecha Querol, S, Gill, P, Iqbal, R, Kletter, M, Ozdemir, N, and Al-Khudairy, L. Adolescent undernutrition in South Asia: a scoping review. Nutr Res Rev. (2022) 35:39–49. doi: 10.1017/S0954422421000068
	 12. National Nutrition Survey 2018 | UNICEF Pakistan. (2024). Available at: https://www.unicef.org/pakistan/national-nutrition-survey-2018
	 13. Lassi, ZS, Moin, A, Das, JK, Salam, RA, and Bhutta, ZA. Systematic review on evidence-based adolescent nutrition interventions. Ann N Y Acad Sci. (2017) 1393:34–50. doi: 10.1111/nyas.13335 
	 14. Rahim, KA, and Lassi, ZS. Adolescents and their nutrition: a landscape view from Pakistan. Ann King Edward Med Univ. (2021) 27:AKEMU. doi: 10.21649/akemu.v27i2.4545
	 15. Lewis, M, Bromley, K, Sutton, CJ, McCray, G, Myers, HL, and Lancaster, GA. Determining sample size for progression criteria for pragmatic pilot RCTs: the hypothesis test strikes back! Pilot Feasibility Stud. (2021) 7. doi: 10.1186/s40814-021-00770-x
	 16. Hayes, J, Quiring, M, Kerac, M, Smythe, T, Tann, CJ, Groce, N , et al. Mid-upper arm circumference (MUAC) measurement usage among children with disabilities: a systematic review. Nutr Health. (2023). doi: 10.1177/02601060231181607, [Online ahead of print]
	 17. Mishra, A. Food security and global institutions: a global justice perspective. Food Sec Dev World. (2024):53–71. doi: 10.1007/978-3-031-57283-8_4 
	 18. Nutrition SMP knowledge in, 2020 undefined. Dietary patterns. Elsevier. Available at: https://www.sciencedirect.com/science/article/pii/B9780128184608000137
	 19. Eckart, A, Struja, T, Kutz, A, Baumgartner, A, Baumgartner, T, Zurfluh, S , et al. Relationship of nutritional status, inflammation, and serum albumin levels during acute illness: a prospective study. Am J Med. (2020) 133:713–722.e7. doi: 10.1016/j.amjmed.2019.10.031 
	 20. Karim, A, and Qaisar, R. Anthropometric measurements of school-going-girls of the Punjab, Pakistan. BMC Pediatr. (2020) 20:223. doi: 10.1186/s12887-020-02135-4
	 21. Shehzad, MA, Khurram, H, Iqbal, Z, Parveen, M, and Shabbir, MN. Nutritional status and growth centiles using anthropometric measures of school-aged children and adolescents from Multan district. Arch Pediatr. (2022) 29:133–9. doi: 10.1016/j.arcped.2021.11.010 
	 22. Tanveer, M, Hohmann, A, Roy, N, Zeba, A, Tanveer, U, and Siener, M. The current prevalence of underweight, overweight, and obesity associated with demographic factors among Pakistan school-aged children and adolescents-an empirical cross-sectional study. Int J Environ Res Public Health. (2022) 19. doi: 10.3390/ijerph191811619
	 23. Iqbal, S, Fayaz, M, Ullah, I, Uçak, H, Shah, SA, and Sayam, F. Examining fruit demand elasticities in pakistan. Folia Oeconomica Stetin. (2023) 23:150–68. doi: 10.2478/foli-2023-0024
	 24. Ieiri, MCA, Kosaka, S, Tomitsuka, E, and Umezaki, M. Factors affecting undernutrition among school children in Cebu, Philippines. Ecol Food Nutr. (2021) 60:182–97. doi: 10.1080/03670244.2020.1813733 
	 25. Shrestha, A, Six, J, Dahal, D, Marks, S, and Meierhofer, R. Association of nutrition, water, sanitation and hygiene practices with children’s nutritional status, intestinal parasitic infections and diarrhoea in rural Nepal: a cross-sectional study. BMC Public Health. (2020) 20:1241. doi: 10.1186/s12889-020-09302-3
	 26. Jubayer, A, Islam, MH, and Nayan, MM. Child-sensitive water, sanitation, and hygiene composite score and its association with child nutritional outcomes in St. Martin’s Island, Bangladesh. SAGE Open Med. (2022) 10:20503121221095966. doi: 10.1177/20503121221095966
	 27. Khan, MH, Nafees, M, Muhammad, N, Ullah, U, Hussain, R, and Bilal, M. Assessment of drinking water sources for water quality, human health risks, and pollution sources: a case study of the district Bajaur, Pakistan. Arch Environ Contam Toxicol. (2021) 80:41–54. doi: 10.1007/s00244-020-00801-3 
	 28. Rana, M, Kumar Ahirwar, A, Ahirwar, AK, Gautam, RK, Rana, M, and Ahirwar, AK. Parental education and nutritional status of children: a cross. (2020). Available at: https://www.researchgate.net/profile/Ajay-Ahirwar/publication/338833632_Parental_Education_and_Nutritional_Status_of_Children_A_cross_-_sectional_study_among_the_Bharia_-_PVTG_of_Patalkot_District-Chhindwara_of_Madhya_Pradesh/links/5e2ebe3392851c6af5453284/Parental-Education-and-Nutritional-Status-of-Children-A-cross-sectional-study-among-the-Bharia-PVTG-of-Patalkot-District-Chhindwara-of-Madhya-Pradesh.pdf
	 29. Rakotomanana, H, Komakech, JJ, Walters, CN, and Stoecker, BJ. The WHO and UNICEF joint monitoring programme (JMP) indicators for water supply, sanitation and hygiene and their association with linear growth in children 6 to 23 months in East Africa. Int J Environ Res Public Health. (2020) 17:1–14. doi: 10.3390/ijerph17176262 
	 30. Papini, NM, Bulik, CM, Chawner, SJRA, and Micali, N. Prevalence and recurrence of pica behaviors in early childhood within the ALSPAC birth cohort. Int J Eat Disord. (2024) 57:400–9. doi: 10.1002/eat.24111 
	 31. Maqbool, S, and Manzoor, I. Acute malnutrition and its determinants among children below 5 years of age using mid upper arm circumference (MUAC) in Lahore: a cross-sectional study. MedERA J C LMC IOD. (2022) 4. doi: 10.61982/medera.v4i1.67
	 32. Haque, MA, Choudhury, N, Farzana, FD, Ali, M, Raihan, MJ, Ahmed, SMT , et al. Determinants of maternal low mid-upper arm circumference and its association with child nutritional status among poor and very poor households in rural Bangladesh. Matern Child Nutr. (2021) 17. doi: 10.1111/mcn.13217 
	 33. Bountogo, M, Ouattara, M, Sié, A, Compaoré, G, Dah, C, Boudo, V , et al. Access to improved sanitation and nutritional status among preschool children in Nouna District, Burkina Faso. Am J Trop Med Hyg. (2021) 104:1540–5. doi: 10.4269/ajtmh.20-0527 
	 34. Ndemwa, M, Wanyua, S, Kaneko, S, Karama, M, and Anselimo, M. Nutritional status and association of demographic characteristics with malnutrition among children less than 24 months in Kwale County, Kenya. Pan Afr Med J. (2017) 28:265. doi: 10.11604/pamj.2017.28.265.12703 
	 35. Tayie, FA, Lambert, LA, Aryeetey, R, Xu, B, and Brewer, G. Anthropometric characteristics of children living in food-insecure households in the USA. Public Health Nutr. (2021) 24:4803–11. doi: 10.1017/S1368980021002378 


Copyright
 © 2025 Zafar, Shaikh, Malik and Ahmad. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.







 


	
	
ORIGINAL RESEARCH
published: 04 February 2025
doi: 10.3389/fnut.2025.1492829








[image: image2]

Associations between the intake of single and multiple dietary vitamins and depression risk among populations with chronic kidney disease

Chunli Yu1, Kun Liu1, Weiguo Yao1* and Dingzhong Tang2*


1Department of Nephrology, Jinshan Branch of Shanghai Sixth People's Hospital, Shanghai, China

2Department of Neurology, Jinshan Branch of Shanghai Sixth People's Hospital, Shanghai, China

Edited by
 Mariacristina Siotto, IRCCS Don Carlo Gnocchi Firenze, Italy

Reviewed by
 Marija Takic, University of Belgrade, Serbia
 Xinyun Chen, Sichuan University, China

*Correspondence
 Dingzhong Tang, 18721939096@163.com 
 Weiguo Yao, yaoweiguo2024@163.com

Received 08 September 2024
 Accepted 24 January 2025
 Published 04 February 2025

Citation
 Yu C, Liu K, Yao W and Tang D (2025) Associations between the intake of single and multiple dietary vitamins and depression risk among populations with chronic kidney disease. Front. Nutr. 12:1492829. doi: 10.3389/fnut.2025.1492829
 




Background: The effects of multivitamin exposure on depression among patients with chronic kidney disease (CKD) have not been thoroughly explored. This study aimed to explore the effects of individual vitamin intakes and the joint effect of the intake of multiple vitamins (including vitamins A, B1, B2, B6, B12, C, D, E, and K) on depression risk in participants with CKD.
Methods: A total of 3,123 participants with CKD (weighted n = 25,186,480) from the National Health and Nutrition Examination Survey database from 2007 to 2014 were included. Weighted multivariate logistic regression models were utilized to analyze the associations of individual dietary vitamin intakes with depression risk. Additionally, Bayesian kernel machine regression (BKMR) and weighted quantile sum (WQS) regression were performed to evaluate the joint effect of the intake of the nine vitamins on depression risk.
Results: The overall prevalence of depression was approximately 11.3% in the study participants. In the fully adjusted model, high intakes of vitamin A (OR: 0.54, 95% CI: 0.40–0.74), vitamin B1 (OR: 0.67, 95% CI: 0.48–0.95), vitamin B6 (OR: 0.70, 95% CI: 0.49–0.99), vitamin D (OR: 0.67. 95% CI: 0.48–0.94), and vitamin K (OR: 0.61, 95% CI: 0.44–0.85) were associated with a reduced likelihood of depression. BKMR and WQS regression showed that the joint effect of the intake of the nine dietary vitamins had a significant negative effect on depression, with vitamin A intake being the largest contributor in the two models. Lastly, WQS regression reflected the total mixed exposure effect of the nine vitamins (OR: 0.82, 95% CI: 0.69–0.99).
Conclusion: High intakes of vitamins A, B1, B6, D, and K are associated with low depression risk in patients with CKD. Furthermore, co-exposure to the nine dietary vitamins is a crucial factor contributing to low depression risk in this population.
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Introduction

Chronic kidney disease (CKD) is a prevalent and progressive condition characterized by the gradual loss of kidney function, affecting millions of individuals worldwide (1). As the disease progresses, patients often experience a myriad of complications, such as cardiovascular disease, bone disorders, and an increased susceptibility to infections (2–4). Among these complications, the mental health of patients with CKD is of notable concern, with depression being a common but under-recognized and undertreated condition in this population. Depression not only deteriorates the quality of life but also contributes to relatively poorer clinical outcomes, including higher CKD morbidity and mortality (5, 6).

Depression in patients with CKD has a complex and multifactorial pathophysiology involving biochemical, psychosocial, and lifestyle factors (7, 8). An area of growing interest is the potential role of nutritional deficiencies, particularly vitamin deficiencies, in depression development and progression among patients with CKD. Vitamins are essential micronutrients that are crucially involved in various physiological processes, including neurotransmitter synthesis, immune function, and oxidative stress regulation (9–11). Deficiencies in certain vitamins, such as vitamin D, the B vitamins, and antioxidants such as vitamin C, have been implicated in depression pathogenesis (9, 12). Given the altered metabolism and usual dietary restrictions in patients with CKD, vitamin deficiencies are particularly widespread in this group (13, 14). Furthermore, CKD-related inflammation and oxidative stress may be exacerbated by these deficiencies, thereby escalating depression risk (15). Although a substantial body of research is available on the associations between individual vitamin intake and depression, the effects of multivitamin exposure on depression among patients with CKD have not been comprehensively explored.

Generally, various populations are typically exposed to multiple dietary vitamins simultaneously, which may produce synergistic or antagonistic effects (16). Therefore, determining the effects of the intake of multiple vitamins on depression in patients with CKD is critical. In contrast to previous studies that have assessed the relationship between individual vitamin exposure and depression, our study aims to investigate the associations of single and multiple dietary vitamin intakes with depression risk in patients with CKD. According to earlier literature reports (17), the vitamins included in this study were vitamins A, B1, B2, B6, B12, C, D, E, and K. This study examines a comprehensive range of vitamins to provide a deeper understanding of the influence of nutritional intake on the mental health of this vulnerable population. The findings from this investigation may have significant implications for developing targeted dietary interventions and supplementation strategies to improve mental health outcomes in patients with CKD.



Materials and methods


Study design and population

This cross-sectional study utilized the 2007–2014 data from the National Health and Nutrition Examination Survey (NHANES), a program designed to assess the health and nutritional status of adults in the United States. NHANES employs a complex, multistage probability sampling design to ensure that the survey sample is representative of the civilian non-institutionalized U.S. population. The study population included participants with a diagnosis of CKD, which was established based on an estimated glomerular filtration rate of <60 mL/min/1.73 m2 or albuminuria (urinary albumin-to-creatinine ratio ≥ 30 mg/g) for 3 months or more. Participants who were ≥ 20 years of age and had complete data on dietary vitamin intake, depression status, and other covariates were included. The detailed participant inclusion process of our study is illustrated in Figure 1.

[image: Flowchart detailing participant inclusion for a study. Initially, 40,617 participants over 20 years old from NHANES 2007-2014. Exclusions include 35,236 without chronic kidney disease, 1,705 with missing depression data, and 156 with missing vitamin intake information. From 5,381, 3,520 were narrowed down after excluding 397 with missing covariates (marital status, smoking, drinking, education, income, and diabetes), leaving 3,123 participants.]

FIGURE 1
 The flowchart of participants included in the study.


The NHANES protocol was approved by the National Center for Health Statistics Research Ethics Review Board, and all included participants provided written informed consent. The survey adhered to the ethical principles of the Declaration of Helsinki. Furthermore, no additional ethical approval was required for this study due to its retrospective nature.



Dietary vitamin assessment

The vitamins examined in this study included vitamins A, B1, B2, B6, B12, C, D, E, and K. Vitamin intake was evaluated through dietary intake and dietary supplement intake. The total daily intake of vitamins was determined by summing up the data obtained from a 24-h dietary recall interview and the daily vitamin intake from the dietary supplements of the participants. The total daily vitamin intake was estimated as the sum of the daily intake of the nine vitamins.



Assessment of depression

Depression status was assessed using the Patient Health Questionnaire-9 (PHQ-9), a validated self-report tool that measures the severity of depressive symptoms over the past 2 weeks. The PHQ-9 scores range from 0 to 27, with higher scores indicating more severe depressive symptoms. In this study, participants with a PHQ-9 score of ≥10 were classified as having depression.



Covariates

This analysis considered several potential confounding variables, including demographic characteristics (age, sex, ethnicity, marital status, poverty-income ratio, and education level), lifestyle factors (smoking and drinking status), and comorbidities (hypertension, diabetes, and hyperlipidemia). Data on these variables were collected through standardized interviews and physical examinations conducted during the NHANES. Detailed information on the analyzed covariates can be obtained.1



Statistical analysis

All statistical analyses were performed after considering the survey design and sample weights to ensure that the results were representative of the US population. Descriptive statistics were calculated for all variables. Categorical variables were expressed as percentages and compared using the X2 test. Furthermore, continuous variables were presented as mean ± standard deviation or median, and group comparisons were conducted through the t-test or Wilcoxon test.

Dose–response analysis was performed using weighted restricted cubic spline functions with three knots located at the 5, 50, and 95th percentiles of individual dietary vitamin intakes. The Wald chi-square test with adjustments for age, sex, ethnicity, marital status, poverty-income ratio, education level, smoking status, drinking status, diabetes, hyperlipidemia, and hypertension was employed to assess the potential linear associations between the intakes of individual dietary vitamins and mortality risks. Additionally, weighted logistic regression models were established to explore the associations between the intakes of individual vitamins and depression risk. Model 1 was not adjusted for the confounding variables, whereas model 2 was adjusted for age, sex, ethnicity, marital status, poverty-income ratio, education level, smoking status, drinking status, diabetes, hyperlipidemia, and hypertension. The variance inflation factor (VIF) was calculated to evaluate multicollinearity between variables (Supplementary Table S1). Based on previous studies, variables with VIF > 5 were considered collinear variables (18) and were deleted in the final model. The VIFs of the variables included in the final model were found in Supplementary Table S1.

Finally, we used two mixed analysis methods—Bayesian kernel machine regression (BKMR) and weighted quantile sum (WQS) regression—to evaluate the joint effect of the intake of nine dietary vitamins on depression risk. The BKMR model integrates Bayesian and statistical learning methodologies to assess the nonlinear and/or interactive effects of the associations between exposures and outcomes. The correlation coefficients among the intakes of the nine dietary vitamins were computed utilizing Pearson correlation analysis. Subsequently, the intakes of the nine dietary vitamins were categorized according to their correlation coefficient plots. Group posterior inclusion probability (GroupPIP) and conditional posterior inclusion probability (CondPIP) were then used as metrics to quantify the likelihood of each group and dietary vitamin intake being incorporated into the model, thereby elucidating their respective contributions to the overall effect. In the present study, BKMR was performed utilizing the R package “bkmr” to determine the joint effect of the intake of the nine dietary vitamins on depression risk. Similarly, the WQS regression model was implemented using the R package “WQS” to estimate the WQS index, which evaluates the combined effect of co-exposure to the nine dietary vitamins, along with the contribution of each dietary vitamin exposure (19). The WQS index was calculated based on the weighted sum of the intake of the nine dietary vitamins. The weight assigned to each dietary vitamin in the WQS index reflects its specific contribution to the overall exposure effect.

All statistical analyses were performed using R 4.4.0 software, and a p-value of <0.05 denoted statistically significant differences.




Results


Baseline characteristics of the study participants

A total of 3,123 participants with CKD (weighted n = 25,186,480) were included in this study. The participants had an average age of 62.9 ± 16.21 years, while the distribution of women and men was 51.75 and 48.25%, respectively. The baseline characteristics of the included participants are shown in Table 1. The overall prevalence of depression was approximately 11.3% (n = 353). Compared with the group without depression, the depression group had a younger age, a higher proportion of women, a lower education level, and higher incidences of hyperlipidemia and diabetes (p-values < 0.05). Additionally, the baseline characteristics of participants grouped by CKD stages are provided in Supplementary Table S2. Except for education level and vitamin K intake, all other variables exhibited significant differences among the groups (p-values <0.05).



TABLE 1 Baseline characteristics of the present study.
[image: Table presenting demographic and health variables of participants, categorized by depression status. Variables include age, sex, ethnicity, marital status, education, PIR, smoking, drinking, diabetes, hyperlipidemia, hypertension, and vitamin intake. Total participants are 3,123 with 2,770 having no depression and 353 with depression. P-values indicate statistical significance of differences observed.]



Associations between the intakes of individual vitamins and depression risk

The dose–response curves between the intakes of the nine dietary vitamins and depression risk are presented in Figure 2. The intakes of the nine dietary vitamins showed a negative linear association with depression risk among the participants with CKD. Table 2 depicts the relationships between the intakes of individual dietary vitamins and depression risk. In the weighted univariate logistic regression model (model 1), high intakes of the nine dietary vitamins were associated with a lower depression risk. After adjusting for age, sex, ethnicity, marital status, poverty-income ratio, education level, smoking status, drinking status, diabetes, hyperlipidemia, and hypertension (model 2), high intakes of vitamin A (OR: 0.54, 95% CI: 0.40–0.74), vitamin B1 (OR: 0.67, 95% CI: 0.48–0.95), vitamin B6 (OR: 0.70, 95% CI: 0.49–0.99), vitamin D (OR: 0.67. 95% CI: 0.48–0.94), and vitamin K (OR: 0.61, 95% CI: 0.44–0.85) were found to be associated with a reduced likelihood of depression.

[image: Nine graphs display the relationship between vitamin levels and the odds ratio (OR) for depression risk. Each graph shows a red line indicating the nonlinear trend with a shaded confidence interval. The vitamins analyzed are A, B1, B12, B6, B2, C, D, E, and K. Each graph includes a p-value for nonlinearity, all above 0.05, indicating no significant nonlinear relationship. Dashed lines represent the reference OR level.]

FIGURE 2
 Restricted cubic spline plots for single dietary vitamin intake and depression risk. Age, sex, ethnicity, marital status, poverty-income ratio, education level, smoking status, drinking status, diabetes, hyperlipidemia, and hypertension were adjusted.




TABLE 2 Single dietary vitamin intake and depression risk.
[image: Table comparing odds ratios (OR), confidence intervals (CI), and p-values for vitamin intake in two models. Vitamins include A, B1, B2, B6, B12, C, D, E, and K, with tertiles Q1, Q2, Q3. Model 1 is unadjusted; Model 2 adjusts for age, sex, ethnicity, and other factors. Significant values are marked for vitamin A, B1, B2, B6, C, and D across models.]



Association of exposure to multiple dietary vitamins and depression risk

The combined effect of the intake of the nine dietary vitamins on depression was determined using the BKMR model. As shown in the fully adjusted BKMR model in Figure 3, the overall effect of the intake of the nine dietary vitamins showed a decreasing trend in depression occurrence in participants with CKD. Furthermore, an increase in the total intake level of the nine dietary vitamins was negatively correlated with depression risk. Additionally, the correlations among the intakes of the nine dietary vitamins are illustrated in Supplementary Figure S1. In particular, vitamin B1 intake was significantly correlated with vitamins B2 intake (r = 0.75) and B6 intake (r = 0.66), while vitamin B2 intake exhibited correlations with vitamins B6 intake (r = 0.65), B12 intake (r = 0.69), and D intake (r = 0.60). A notable correlation was also observed between vitamin B12 intake and vitamins B6 intake (r = 0.61) and D intake (r = 0.64). Finally, a correlation was detected between vitamin E intake and K intake (r = 0.59). Subsequently, the nine dietary vitamins were grouped according to the correlation analysis results described above. The GroupPIP and CondPIP values of the nine dietary vitamins derived from the BKMR model are summarized in Supplementary Table S3. The GroupPIP of group 1 (vitamin A: 0.64) was higher than that of the other three groups (vitamin B1, B2, B6, B12, and D: 0.53; vitamin C: 0.29; and vitamins E and K: 0.61). Moreover, the CondPIP values of vitamin A (CondPIP = 1.0) and vitamin C (CondPIP = 1.0) were higher than those of the other dietary vitamins. Therefore, dietary vitamin A contributed the most to the BKMR model of depression risk. Furthermore, depression risk decreased with increased intakes of vitamins A, B6, and K and the median intake levels of all remaining dietary vitamins (Supplementary Figure S2). Single exposure-response functions for each dietary vitamin intake showed that significant associations between single vitamin intake and depression were weaker when holding other vitamin intakes at the 25th, 50th, and 75th percentiles (Supplementary Figure S3). Bivariate exposure-response functions (Supplementary Figure S4) for each dietary vitamin intake demonstrated no potential interactions among the dietary vitamins.

[image: A plot illustrates estimates across various quantiles with error bars. The y-axis represents the estimate values, ranging from -0.02 to 0.02, while the x-axis represents quantiles from 0.3 to 0.7. A dashed red line marks the zero level. Error bars above zero are larger on the left and decrease towards the right, indicating an overall downward trend.]

FIGURE 3
 Combined effects of nine dietary vitamins mixtures and depression by BKMR analysis. Model was adjusted for age, sex, ethnicity, marital status, poverty-income ratio, education level, smoking status, drinking status, diabetes, hyperlipidemia, and hypertension.


As shown in Table 3, WQS regression analysis revealed that co-exposure to the nine dietary vitamins was negatively associated with depression risk (OR: 0.82, 95% CI: 0.69–0.99). The estimated weights of the nine dietary vitamins in the WQS model were also calculated (Supplementary Table S4; Supplementary Figure S5). Vitamin A was found to be the dietary vitamin with the highest weight in the WQS model, followed by vitamin K.



TABLE 3 The combined effect of nine dietary vitamins on depression by WQS model.
[image: WQS model table showing an odds ratio of 0.82 with a confidence interval of 0.69 to 0.99 and a p-value of 0.035. Model adjustments include age, sex, ethnicity, marital status, poverty-income ratio, education level, smoking status, drinking status, diabetes, hyperlipidemia, and hypertension. WQS stands for weighted quantile sum. OR denotes odds ratio and CI denotes confidence interval.]




Discussion

In this study, we investigated the associations between the intake of single and multiple dietary vitamins and depression risk among participants with CKD using data from the NHANES database. Our findings showed that high intakes of certain vitamins, particularly vitamins A, B1, B6, D, and K, were associated with a low depression risk in this population. Moreover, the combined deficiency of such multiple vitamins might exacerbate depression risk, highlighting the significance of a comprehensive approach to nutritional management in patients with CKD.

A study by Liu et al. found that depression prevalence among adults with CKD in the United States was 10.97% (20), which was extremely similar to the depression prevalence of 11.3% reported in this study. This finding demonstrates that the participant sample used in this study is representative of this patient population. Additionally, this study revealed that participants with CKD as well as those with depression had lower vitamin intakes than the daily recommendation. For example, the recommended vitamin A intake for adults is 700 μg/day for women and 900 μg/day for men (21). In our study, the average daily intake of vitamin A in participants with CKD was 560.83 μg/day in women and 644.46 μg/day in men. Furthermore, participants with CKD but without depression had an average daily intake of vitamin A of 577.45 μg/day in women and 650.04 μg/day in men, with this intake being further reduced among those with CKD accompanied by depression (461.19 μg/day in women and 581.04 μg/day in men). Hence, adequate vitamin supplementation may be a vital strategy to prevent depression among patients with CKD.

Moreover, our results were consistent with previous studies that have identified a link between vitamin intake and depression in the general population and those with chronic illnesses. For instance, a high intake of vitamin A has been widely reported to correlate with low depression risk among patients with heart failure, potentially due to its role in inflammation regulation (22, 23). Correspondingly, deficiencies in the B vitamins, particularly B1 and B6, have been associated with depression. Xu et al. reported that a thiamine (vitamin B1) intake of <1.35 mg/day was negatively correlated with depression incidence (OR: 0.68, 95% CI: 0.53–0.89) (24). Another investigation by Ekinci et al. suggested an association of vitamin B6 intake with depression risk (25). The pathogenesis of neuropsychiatric diseases such as depression is related to neuroinflammation, oxidative stress, and cell apoptosis (26). Therefore, the reduction of depression by the B vitamins may be due to their inhibition of apoptosis, oxidative damage, neuroinflammation, and caspase-1-mediated inflammasome activation (27). Additionally, the study revealed that vitamin K intake was negatively and independently associated with depression incidence in American adults (OR: 0.84, 95% CI: 0.75–0.94) (28). In the case of vitamin D intake, patients with CKD not only have inadequate nutrition and sunlight exposure but also exhibit impaired synthesis and metabolism of vitamin D. Therefore, vitamin D deficiency is more pronounced in patients with CKD (29). A study by Jhee et al. showed that patients with CKD had a higher depression incidence, with vitamin D deficiency being a significant independent predictor of depression (OR: 6.15; 95% CI: 2.02–8.75). Consequently, alleviating vitamin D deficiency could help prevent depression occurrence (30). In line with the findings from these previous studies, our study demonstrated that high intakes of vitamins A, B1, B6, D, and K were associated with a lower depression risk. Moreover, our study results extend the earlier findings by demonstrating that the cumulative effect of multiple dietary vitamins intake may have a more pronounced effect on lowering depression risk among participants with CKD (OR: 0.82, 95% CI: 0.69–0.99).

Patients with CKD have a high prevalence of vitamin deficiencies, which further elevates the risk of depression in this population (31, 32). Therefore, proactive nutritional assessment and intervention are crucial in this patient group. Consistent with this notion, previous studies have shown that regularly monitoring the levels and dietary intake of vitamins, along with appropriate supplementation, may be a key strategy to mitigate depression risk and improve overall mental health outcomes (33, 34). Furthermore, considering the complex interactions between CKD, inflammation, and nutrient absorption, a personalized nutritional plan should be incorporated into a comprehensive treatment approach for patients with CKD. Thus, the present study findings could have substantial implications for the development of targeted dietary interventions and supplementation strategies to improve the mental health of patients with CKD.

One of the strengths of the current study was the use of a large, nationally representative sample from the NHANES database, which enhances the generalizability of our findings to the broader U.S. population with CKD. However, our study has several limitations that should be acknowledged. First, the cross-sectional design of this study prevented us from establishing causality between vitamin deficiencies and depression. Hence, longitudinal studies are required to determine whether alleviating these vitamin deficiencies can reduce depression risk over time. Second, dietary intake was assessed using a 24-h dietary recall interview, which may have resulted in recall bias and not accurately reflected the long-term intake of vitamins. Finally, this study adjusted for a range of potential confounders; however, residual confounding due to unmeasured factors cannot be completely ruled out. Therefore, future research should involve longitudinal studies to explore the causal relationships between vitamin intake and depression in patients with CKD. Additionally, interventional studies are necessary to evaluate the effectiveness of vitamin supplementation in preventing and treating depression in this patient population. Finally, research elucidating the mechanisms by which vitamin deficiencies contribute to depression in CKD may also provide insights into novel therapeutic targets.



Conclusion

This cross-sectional study utilizing data from the 2007–2014 NHANES revealed a significant inverse correlation between the intakes of vitamins A, B1, B6, D, and K and depression risk in participants with CKD. Additionally, co-exposure to the nine dietary vitamins was found to be a critical factor contributing to the mental health of this specific population. Our study results emphasize the need for comprehensive nutritional assessments and interventions as part of the routine care for patients with CKD, ultimately aiding to improve their physical and mental health outcomes.
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Background: In Ethiopia, diabetes and its complications are significant causes of morbidity and mortality, with huge economic implications. Despite the high dietary non-adherence that has been reported in limited studies in Ethiopia. Moreover, there is a gap from the perspective of patients in the area of this topic.
Objectives: This study aimed to assess adherence to dietary recommendations and associated factors among type 2 diabetic patients in Addis Ababa Selected Hospitals, Addis Ababa, Ethiopia, 2024.
Methods and materials: An institution-based cross-sectional study was conducted in a 420 sampled population among four hospitals found in Addis Ababa, Ethiopia, from 24 June to 15 July 2024. Systematic random sampling was used to recruit individual study participants. The collected data were exported into SPSS version 25 software for analysis. A descriptive summary, including frequencies, percentages, and graphs, was used to present the study results. Binary logistic regression was used for statistical analysis. Finally, the results of bivariate and multivariable logistic regression analyses were presented using odds ratios with 95% confidence intervals. In the final model, a p-value of <0.05 was taken as statistically significant.
Results: A total of 406 participants were included, with a response rate of 96.7%. The study participants had an average age of 48 (± 11.4 years), and the overall adherence to dietary recommendations in this study was 62.8% among type 2 diabetic patients. Years of diagnosis of DM, having a family history of DM, having comorbidities, and having received diabetic nutrition education were significantly associated with adhering to diabetic dietary recommendations among type 2 diabetic patients.
Conclusion and recommendation: The study found that overall adherence to dietary recommendations among type 2 diabetic patients was relatively high at 62.8%, suggesting the need to develop and implement tailored dietary education and counseling programs for this patient population.

Keywords
 adherence; diabetes mellitus; dietary recommendations; Addis Ababa; Ethiopia


Introduction

Diabetes is a chronic metabolic disorder defined by elevated blood glucose (or blood sugar) levels that leads to catastrophic damage to the heart, blood vessels, eyes, kidneys, and nerves over time, according to the World Health Organization (1). Diabetes affects approximately 422 million people globally, the majority of whom live in low- and middle-income countries, and diabetes is directly responsible for 1.6 million fatalities per year. Over the last few decades, both the number of cases and the prevalence of diabetes have significantly increased (1). By 2025, a global agreement has been reached to halt the rise in diabetes and obesity (2, 3).

The significant increase in overweight, obesity, and physical inactivity rates may be partly responsible for this global epidemic (2). The most prevalent type of diabetes, type 2 diabetes (accounting for 90% of cases), affects adults and occurs when the body becomes resistant to insulin or does not produce enough of it (4).

Ethiopia is one of the top five countries in sub-Saharan Africa with the highest number of individuals affected by diabetes (5–7). Diabetes and its complications are the leading causes of illness and mortality in Ethiopia, with severe economic effects (6). The prevalence of diabetes is rapidly growing in Ethiopia. According to reports, the prevalence of diabetes in Ethiopia ranged from 2 to 6.5%, with the lowest 2% in rural areas (5). Oral hypoglycemia and insulin were the most common treatments (8). Retinopathy (2.7–25%), nerve damage (4.8–35.0%), depression (13–61.0%), kidney illness (18.2–23.8%), hypertension (23–54.82%), anemia (19%), and related costs were the most commonly reported diabetes-related problems in the country (5, 6, 8).

Dietary practice refers to patients’ food preferences based on diabetes education, emphasizing the consumption of foods containing less fat, more fiber, and less sodium (9). Daily carbohydrate, protein, and fiber intake should be 45–50%, 10–20%, and 12% of total calories, with a minimum of 0.5 g of fat per meal (10). Nutrition is crucial for diabetes management and prevention.

The risk of T2DM is connected to both malnutrition and overnutrition (11). Balanced food intake with endogenous and/or exogenous insulin levels is the most important for diabetes treatment in improving glycemic control (12). However, for many DM patients, deciding what to eat and adhering to the meal plan are the most difficult aspects of the treatment strategy. There is no one-size-fits-all eating pattern for those with diabetes (13).

According to a study conducted at Gondar Comprehensive Specialized Hospital in Ethiopia, 48.3% of participants had poor adherence to dietary recommendations. and a study conducted in northern Ethiopia found that 74.3% of participants also had poor adherence to dietary recommendations. In Gondar Comprehensive Specialized Hospital and study conducted in general Ethiopian hospitals, respectively (14, 15). Another study conducted in Ethiopian teaching hospitals showed that the overall adherence to dietary recommendations was 44.3% among diabetic patients who participated in the study (16). Furthermore, study findings in Jimma, Ethiopia, have shown that the level of diabetic self-care practice was insufficient among the study participants (17).

In developed countries, dietary compliance among people with type 2 diabetes has improved. In affluent countries, dietary adherence among type 2 diabetes patients has improved and is currently considered satisfactory. However, in underdeveloped nations, dietary adherence among type 2 diabetes patients is given minimal attention and is not regarded as a major national priority. Diabetes has improved and is now relatively satisfactory.

In developing countries, there is minimal focus on dietary adherence for patients with type 2 diabetes, and it is not given priority at the national level. Due to the importance of involving patients in chronic disease management, this study aims to show the level of adherence to dietary recommendations and identify associated factors among type 2 DM patients in selected hospitals in Addis Ababa, Ethiopia, in 2024.



Materials and methods


Study design and period

An institutional cross-sectional study was conducted from 24 June to 15 July 2024 among type 2 DM patients in selected hospitals in Addis Ababa, Ethiopia, in 2024.



Study participants and sample size determination

The population for this study consisted of all adult type 2 diabetic patients visiting non-communicable disease clinics in selected hospitals in Addis Ababa, Ethiopia. Patients who attended these hospitals during the study period were considered the study population. All type 2 diabetes patients who had at least one follow-up visit at the selected hospitals after diagnosis before the data collection period were included in the study, and newly diagnosed type 2 diabetes of less than 1 month, pregnant and lactating women, and those requiring constant medical support and monitoring were excluded from this study.

The sample size was obtained using a single population proportion formula: [image: Formula for sample size calculation: n equals z sub alpha divided by two squared times P times one minus P, all over D squared.]

where n = sample size, [image: Mathematical notation showing "z sub alpha over two."] = level of confidence 95%, or reliability coefficient = 1.96, P = proportion of the population = 53.7%, poor dietary practice among type 2 diabetes mellitus patients in Nigist Eleni Mohammed Memorial Teaching Hospital (18), and D = margin of error (0.05). Thus, the final sample size for this study was 420 type 2 diabetes patients.



Sampling procedures

The study was conducted in 4 randomly selected hospitals out of 13 government hospitals in Addis Ababa, Ethiopia. A systematic random sampling technique was used to select the study participants. The study participants were chosen from the selected hospitals in Addis Ababa, Ethiopia. The total number of type 2 DM patients who visited the selected hospitals during the data collection period was calculated based on the hospitals’ previous monthly reports. The calculated sample size was then distributed proportionally across each hospital according to the number of type 2 DM patients at each location. The first respondent was selected randomly.



Data collection tools and procedure

Data were collected using a pretested structured questionnaire administered via face-to-face interview. The questionnaire was adapted from various previously published studies (14, 16, 18, 19). The questions were initially prepared in English, then translated into Amharic, and then back-translated to English by language experts to ensure consistency. Four data collectors (BSC nurses) who had prior experience in data collection collected the data, and one experienced public health professional was assigned as supervisor. One-day training was given to the data collectors and supervisors for the data collection process. The list of selected participants to be interviewed was located in the follow-up waiting rooms of the hospitals. The completeness, consistency, and accuracy of the collected data were examined every day.

Adherence to dietary recommendations, the dependent variable in this study, was defined as adherent when the participant’s score on the item used to measure the dietary adherence assessment scale was equal to or above the mean score and non-adherent when the score was below the mean scale (16).



Data quality control

To ensure data quality, supervisors and data collectors were given one-day training on the purpose of the study, data collection tools, and procedures. The questionnaire was translated from English to Amharic, and to check for the original meaning, the Amharic version was re-translated to English. The questionnaire was pre 5% of the calculated sample size out of the study area before 2 weeks of the main data collection. The collected data were checked by reviewing all the questionnaires to ensure completeness and consistency of the information collected.



Data processing and analysis

The collected data were visually checked by the investigator, and then the data were coded and entered into Epi Data version 3.1 software before being exported into SPSS version 25 software for further analysis. Data cleaning was conducted before the analysis. Mean and standard deviation were calculated for continuous variables. A descriptive summary using frequencies, percentages, and graphs was used to present the study results. Then, logistic regression analysis was applied to assess the association between the dependent and explanatory variables. The degree of association was interpreted using odds ratios with 95% confidence intervals, and p-values less than 0.05 were considered statistically significant. Bivariate and multivariate analyses were used to identify characteristics that influence the recommended dietary adherence. The variance inflation factor (VIF) was used to test the multicollinearity assumption, and the results ranged from 1 to 10, suggesting no collinearity. Cross-tabulation was used for each independent variable to better understand cell information and to correct for extreme cell values in the logistic regression analysis. The model’s fitness was evaluated using the Hosmer–Lemeshow goodness-of-fit test, which yielded a p-value of 0.76, suggesting that the model was well-fitted.




Results


Socio-demographic characteristics of respondents

The study planned to include 420 participants, and 406 patients volunteered to participate, resulting in a response rate of 96.7%. Approximately half of the study participants were men (220, 54.2%), while the other half were women (186, 45.8%). The study participants had an average age of 48 (± 11.4 years), with the majority, 168 participants (41.4%), being above >60 years old. The educational status of participants revealed that 38.9% of the study participants had attended college or higher education (Table 1).



TABLE 1 Socio-demographic characteristics of study participants among type 2 diabetic patients in selected hospitals, in Addis Ababa, Ethiopia, 2024.
[image: A table presents demographic variables, categories, frequencies, and percentages. Age: <20 (9.3%), 20–40 (19%), 41–60 (30.3%), >60 (41.4%). Sex: Male (54.2%), Female (45.8%). Marital status: Single (4.4%), Married (81%), Divorced (8.2%), Widowed (6.4%). Religion: Orthodox (40.4%), Protestant (35%), Muslim (17.5%), Others (7.1%). Occupation: Government employee (27.6%), Private employee (28.8%), Merchant (26.6%), Others (17%). Educational status: No formal learning (11.4%), Primary school (20.9%), Secondary school (28.8%), College and above (38.9%). Household income: <4,000 (28.3%), 4,000–8,000 (50.2%), >8,000 (21.5%). Others include Catholic Judith, Waqefata, Adventist.]



Health-related characteristics of respondents

Table 2 illustrates the distribution of health-related characteristics of the study participants. The participants who had the condition for greater than 5 years were 219 (53.9%), and 187 of the participants were less than or equal to 5 years ago after they were diagnosed with the disease. The majority of individuals, (349, 86%) were on oral hypoglycemic medication, with 57 (14%) using both oral medication and insulin. Among the study participants, 182 (44.8%) had comorbidities, and the majority, (310, 76.4%), had no family history of diabetes. Among the study participants, 254 (62.5%) patients had a BMI between 18.5 and 24.5 kg/m2, 26 (6.3%) patients had a BMI less than 18.5 kg/m2, and 66 (16.3%) of the study participants had a BMI between 24.5 and 29.5 kg/m2 (Table 2).



TABLE 2 Health-related characteristics of the study participants among type 2 diabetic patients in selected hospitals, Addis Ababa, Ethiopia, 2024.
[image: Table showing data on diabetes patients. Categories include years of diagnosis, comorbid conditions, family history, complications, treatment medication, nutritional education, and BMI. For years of diagnosis, ≤5 years is 46.1%, >5 years is 53.9%. Comorbid conditions: Yes 44.8%, No 55.2%. Family history: Yes 23.6%, No 76.4%. Complications encountered: Yes 31.5%, No 68.5%. Types and percentages: foot ulcer 18%, renal diseases 12.5%, eye condition 25.8%, neuropathy 34.4%, amputation 9.3%. Treatment: oral drugs 86%, both drugs and insulin 14%. Nutritional education: Yes 77.8%, No 22.2%. BMI categories: <18.5 (6.4%), 18.5–24.5 (62.5%), 24.5–29.5 (16.3%), >30 (14.8%).]



Behavioral-related factors

The majority of study participants had never consumed drinks containing alcohol (198, 48.7%). Additionally, approximately 347 participants (85.5%) were not currently smoking cigarettes, and 162 participants (39.9%) engaged in physical exercise at least once per week, as much as they were able (Table 3).



TABLE 3 Behavioral-related characteristics of the study participants among type 2 diabetic patients in selected hospitals, Addis Ababa, Ethiopia, 2024.
[image: Table displaying survey data on lifestyle habits. Categories include frequency of alcoholic drink consumption, smoking, and physical exercise. Key statistics: 48.7% never drink alcohol, 85.5% do not smoke, and 60.1% do not exercise.]



Adherence to dietary recommendation among type 2 diabetic patients in selected hospitals, Addis Ababa, Ethiopia, 2024

The overall adherence to dietary recommendations according to our research findings is 255 (62.8%) (95% CI, 54.3, 67.4) among diabetic patients who participated in the study, and 129 participants (31.8%) were not adherent to the dietary recommendation.



Factors associated with adherence to the recommended dietary regime among type 2 diabetic patients in selected hospitals, Addis Ababa, Ethiopia, 2024

The following independent variables were candidates for the final model in the bivariate logistic regression analysis: family history of DM, presence of comorbidities, duration of diagnosis, physical activities, educational status, and diabetic nutritional education. In the multivariable logistic regression analysis, family history of DM, presence of comorbidities, duration of diagnosis, and receiving diabetic nutritional education were significantly associated with adherence to dietary recommendations among type 2 diabetic patients.

Our study shows that patients who had a family history of DM were 1.58 times more likely to adhere to dietary recommendations as compared to those patients who had no family history of DM [AOR 1.58 = 95%CI (1.06–2.10)]. The odds of adhering to dietary recommendations among type 2 diabetic patients were 1.08 times greater in patients who had comorbidities compared to those who had no history of comorbidity conditions [AOR = 1.08, 95%CI (1.02–1.14)].

Our study findings show that patients who were diagnosed with type 2 diabetic cases before 5 years were 1.46 times more likely to adhere to dietary recommendations as compared to those patients who were diagnosed with type 2 diabetic cases less than 5 years [AOR = 1.46, 95%CI (1.02–1.90)]. Additionally, patients who received diabetic nutrition education were 1.14 times more likely to adhere to the recommended dietary guidelines than those who did not receive nutritional education [AOR = 1.14, 95%CI (1.04–95)] (Table 4).



TABLE 4 Bivariate and multiple logistic regression analyses of factors associated with adherence to the recommended dietary regime among type 2 diabetic patients in selected hospitals, Addis Ababa, Ethiopia, 2024.
[image: Table showing factors influencing diabetes adherence, including family history, comorbidities, diagnosis duration, physical activity, education, and nutritional education. Adherence is categorized by yes and no. Factors are assessed with COR, AOR, and p-values, indicating statistical significance for family history, comorbidities, diagnosis duration, and nutritional education.]




Discussion

The purpose of this hospital-based cross-sectional study was to measure the proportion of adherence to dietary recommendations and associated factors among type 2 diabetic patients in selected hospitals, in Addis Ababa, Ethiopia, in 2024. The findings indicate that the overall adherence to the dietary recommendation in this study was 255 (62.8%) (95% CI, 54.3, 67.4) among type 2 diabetic patients who participated in the study, and 129 participants (31.8%) were not adherent to the dietary recommendation. Adherence to the appropriate diet for diabetes patients is particularly crucial to achieving optimal metabolic management, as non-adherence is related to increased glucose and cholesterol levels, which eventually lead to serious problems (20). Diabetes and its complications are widely recognized as a major global burden, presenting considerable challenges to patients, healthcare systems, and national economies (21).

According to our results, a total of 62.8% of participants adhered to dietary recommendations. This finding is comparable to studies conducted in Southern Ethiopia (64%) (22), Ghana (65.1%) (23), Kuwait (63.5%) (24), and Saudi Arabia (67.2%) (25). The populations in these regions may share similar dietary patterns, food preferences, and socioeconomic backgrounds that influence their ability to adhere to recommended dietary guidelines. However, this proportion is higher than that found in studies conducted in Dire Adwa (37.5%) (26), Debre Tabor (25.7%) (27), and Bahir Dar (53.2%) (28). This disparity could be attributed to differences in the study demographic, sample size, and adherence measuring technique, as well as the difficulty of defying social expectations or demands to eat with friends and family or the necessity of eating out.

This result is lower than the findings of studies conducted in Surat City (76.2%) (29) and Delhi, India (84.6%) (30). The disparity could be explained by the variation in the study settings, differences in socioeconomic status, and availability of different types of foods in the two countries.

These patients who were diagnosed with type 2 diabetic cases before 5 years were 1.46 times more likely to adhere to dietary recommendations as compared to those patients who were diagnosed with type 2 diabetic cases less than 5 years. This finding is in line with studies conducted in Debre Berhan (16), Addis Ababa (9), Gondar (31), Bahir Dar (28), and Nigeria (32). A possible explanation is that patients with diabetes for a longer period of time have more frequent contact with health professionals and are more likely to receive repetitive instructions on adhering to dietary recommendations. This increased exposure may help them become more aware of the acute and chronic complications of uncontrolled blood glucose, ultimately leading to the adoption of healthier behaviors.

Our findings demonstrate that patients with a family history of diabetes were 1.58 times more likely to follow dietary recommendations than those who did not have a family history. This finding is similar to studies conducted in Gondar (31), Eastern Ethiopia (26), and Southwest Ethiopia (22). This might be because having a family member with diabetes could be a good source of information about the disease process and how to control blood glucose.

The odds of adhering to dietary recommendations among type 2 diabetic patients were 1.08 times greater in patients who had comorbidities compared to those who had no history of comorbidity conditions. This finding is in line with studies conducted in Debre Tabor (27) and Gondar (31). Patients with comorbidity may be on complex medication regimens and dietary advice. As a result, providing comprehensive information on the benefits of dietary adherence, particularly for diabetic patients with comorbidities, is a crucial strategy to improve overall health outcomes.

Patients who received diabetic nutrition education were 1.14 times more likely to adhere to the suggested diet for their conditions than patients who did not receive nutritional education.

This finding aligns with studies conducted in Addis Ababa (9) and Debre Berhan (16). This may be due to the fact that those who received nutrition education are more likely to follow the advice of clinicians and have a better understanding of the food-disease association, food guides, and dietary prescriptions than those who did not receive nutrition education. In addition, patients who have received nutrition education may perceive a greater level of seriousness of not adhering to the recommended dietary regimen.


Limitations of the study

This study has limitations that must be considered while interpreting the results. This study may not show temporal relationships of potential risk factors with dietary recommendation adherence due to the cross-sectional nature of the design used. Using self-reported dietary recommendation adherence as a measure of the level of practice may introduce social desirability bias. The dietary recommendation adherence scale has not been validated before, and it is likely that our estimates may underestimate or overestimate the outcome. Moreover, readers and researchers should be aware that the findings of the present study may not represent the population of the entire country as a source of food and other factors may vary across different geographical areas.




Conclusion

According to our findings, the overall adherence to dietary recommendations in this study was 62.8% among type 2 diabetic patients who participated in the study, which is relatively high. Years of diagnosis of DM, having a family history of DM, having comorbidities, and having received diabetic nutrition education were significantly associated with adhering to diabetic dietary recommendations among type 2 diabetic patients who had follow-ups at selected public hospitals in Addis Ababa, Ethiopia. Healthcare providers can develop effective strategies to improve dietary adherence, such as following dietary plans, providing dietary education, and tailoring dietary interventions to patients’ preferences. Additionally, tailored dietary education and counseling programs should be developed and implemented specifically for type 2 diabetic patients with comorbidities, and diabetic nutrition education should be established as a standard component of comprehensive care plans for type 2 diabetes management.
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Background

Immunonutritional status is linked to the prognosis of cardiovascular disease (CVD) and diabetes, but the relationship between immunonutritional disorders and clinical outcomes in CVD patients with diabetes is unclear. This study aims to investigate the association of the novel immunonutritional indicator of prognostic nutritional index (PNI) with all-cause and CVD mortality in diabetic and prediabetic CVD patients.





Method

This is an open-cohort study involving 1,509 CVD patients with diabetes or prediabetes collected from The National Health and Nutrition Examination Survey (NHANES) and initially interviewed between 2005 and 2018. Subjects were followed up until on December 31, 2019. Mortality outcomes and causes of death were obtained from National Death Index (NDI) records. We used restricted cubic spline (RCS) and maximally selected rank statistics method (MSRSM) to assess the nonlinearity of the PNI-mortality association and determine the optimal PNI cutoff for survival outcomes. Additionally, weighted multivariable Cox regression models, subgroup analyses, and interaction tests were employed to examine the relationship between PNI and all-cause and CVD mortality. The predictive accuracy of PNI for survival outcomes was evaluated using time-dependent receiver operating characteristic curve (ROC) analysis.





Results

During a median follow-up of 61 months (interquartile range, 33-103 months), 507 of the 1509 (33.60%) diabetic or prediabetic CVD patients died. A negative and nonlinear association between PNI and all-cause/CVD mortality was identified by RCS analysis in all patients. In the fully-adjusted Cox regression model, in the entire cohort, higher PNI (≥46.5) was significantly associated with reduced risks for all-cause and CVD mortality. A consistent association between PNI and all-cause/CVD mortality was observed in diabetic CVD patients, but not in prediabetic CVD patients. No significant interaction between PNI and other covariates was observed (all P interaction >0.05). Time-dependent ROC curve revealed that the areas under the curve (AUC) of PNI for 1-, 3-, 5-, and 10-year survival rates were 0.66, 0.66, 0.66, and 0.67 for all-cause mortality, and 0.72, 0.70, 0.72, and 0.69 for CVD mortality, respectively.





Conclusion

Increased PNI is significantly associated with reduced risks for all-cause and CVD mortality in diabetic or prediabetic CVD patients, especially for diabetic CVD patients.





Keywords: prognostic nutritional index, cardiovascular disease, diabetes, prediabetes, mortality





Introduction

According to the Global Burden of Diseases, Injuries, and Risk Factors Study, which has monitored trends in mortality and disability since 1990, cardiovascular disease (CVD) continues to be the primary cause of illness and death globally (1). In 2019, the global prevalence of cardiovascular disease (CVD) across 204 countries and regions rose dramatically from 271 million in 1990 to 523 million. Similarly, the number of CVD-related deaths increased from 12.1 million to 18.6 million during the same period, solidifying CVD as a leading cause of mortality worldwide (2). Abundant evidences have revealed that type 2 diabetes mellitus (T2DM) and pre-diabetes are usually occurred as one of the comorbidities in CVD patients, and usually correlated with poor outcomes (3). Therefore, exploring the prognostic factors for CVD patients with different glucose metabolism statuses is crucial for assessing the risk of mortality, especially the risk of CVD mortality.

Numerous studies have shown that diabetes and dysglycemia significantly increase the risk of cardiovascular events due to lipid metabolism abnormalities. In patients with CVD and diabetes, the risk of myocardial infarction and sudden cardiac death is 2 to 3 times higher than in those with CVD alone. Therefore, exploration of the prognosticators related to individuals with CVD and diabetes is essential for improving prognosis. Malnutrition is a prevalent and critical concern among patients with type 2 diabetes mellitus, particularly those with cardiovascular disease (CVD). While the precise prevalence of malnutrition in this population remains ambiguous, studies indicate that over 50% are either malnourished or at risk (4–6), with elderly individuals being especially susceptible. For example, a survey involving 1,090 hospitalized older diabetic patients in Spain revealed that 39.1% were at risk of malnutrition, while 21.2% were already malnourished (5). Recent studies have suggested that nutritional deficiencies in diabetic patients are associated with declines in activities of daily living, grip strength, physical performance, and overall quality of life, as well as prolonged hospital stays and elevated mortality rates (4, 7, 8). These findings suggest that malnutrition may exacerbate the progression of cardiovascular disease and contribute to unfavorable health outcomes. Consequently, early identification and intervention for malnutrition are imperative to enhance the prognosis for patients with diabetes and CVD.

The Prognostic Nutritional Index (PNI), which is calculated based on serum albumin and lymphocyte counts, serves as an immunonutritional marker that reflects the body’s chronic inflammation, immune function, and nutritional status (9). Numerous studies have demonstrated the utility of PNI as a prognostic indicator in various diseases, including malignancies such as gastrointestinal cancer (10), lymphoma (11), and oral cancer (12), as well as benign conditions like hip fractures (13), Crohn’s disease (14), and ischemic stroke (15). Recent research has shown that a higher PNI is associated with a lower risk of diabetic kidney disease (OR=0.64, 95% CI: 0.459-0.892, P=0.01) and reduced all-cause mortality (HR=0.60, 95% CI: 0.37-0.97, P=0.036) in patients with type 2 diabetes mellitus (T2DM) (16). Other studies have also indicated that lower PNI levels significantly increase the risks of all-cause and cardiovascular disease (CVD) mortality in T2DM and gestational diabetes patients (17, 18). Additionally, PNI has been reported to provide superior predictive value for all-cause and CVD mortality in the general population compared to other nutritional biomarkers, such as the geriatric nutritional risk index, controlling nutritional status score, triglycerides, total cholesterol, and body weight index (19). These findings underscore the significant prognostic value of PNI for patients with diabetes or CVD. However, it remains unclear whether PNI as an immunonutritional biomarker is associated with the prognosis of CVD patients who also have diabetes or prediabetes.

Therefore, the aim of the current study was to explore the relationship of PNI with all-cause and CVD mortality risk in a large, nationally representative sample of diabetic and prediabetic CVD patients.





Methods




Study design

This open-cohort study involved 1,509 participants with diabetes or prediabetes. Data were collected from the National Health and Nutrition Examination Survey (NHANES) for individuals initially interviewed between 2005 and 2018 and were subsequently linked to the National Death Index (NDI) of the National Center for Health Statistics (NCHS) to assess survival status, with follow-up until December 31, 2019. NHANES, managed by the Centers for Disease Control and Prevention (CDC), is a cross-sectional initiative designed to evaluate the health status of a representative U.S. population sample using weighted survey data from interviews, examinations, dietary assessments, and laboratory tests. Detailed information about NHANES can be found in other studies (20). The initial survey protocol received approval from the NCHS Institutional Review Board, and all participants provided informed consent (20).





Study population

In this study, participants who were surveyed between 2005 and 2018 and identified as having both CVD and diabetes/pre-diabetes (including all existing patients) were included. Those with incomplete information on PNI, CVD, diabetes or prediabetes, all-cause mortality, and other essential data (including blood routine test, education, biochemical test, etc.) were excluded. Finally, a total of 1, 509 participants were included in the current study (Figure 1). According to the diabetes diagnostic criteria from American Diabetes Association (ADA), diabetes can be identified by the following criteria, including self-reported diagnosis, use of insulin or oral hypoglycemic medication, plasma fasting glucose levels ≥126 mg/dL (7.0 mmol/L), random blood glucose or 2h oral glucose tolerance test blood glucose≥200 mg/dL (11.1 mmol/L), or HbA1c level ≥6.5% (21, 22). Similarly, prediabetes can be identified by the following criteria, including self-reported prediabetes status or having FBG between 100 mg/dL and 125 mg/dL, or HbA1c between 5.7% and 6.4% (21–23). The identification of CVD was determined through self-reported diagnoses from physicians, which were collected during personal interviews utilizing a standardized questionnaire focused on medical conditions. Participants were asked by the question of “Has a doctor or other health expert ever informed you that you have CHF/CHD/angina pectoris/myocardial infarction (MI)/stroke?”, and those who answered “yes” to any of the above questions were classified as having CVD.

[image: Flowchart outlining participant selection from NHANES 2005-2018 dataset. Initial participants numbered 70,190. Exclusions include 65,742 without CVD, 2,590 without diabetes or pre-diabetes. Further exclusions are 183 without survival or routine blood data, 56 without education or biochemical data, and 110 lacking data for OBS, CDAI, DII. Final screened participants for analysis were 1,509.]
Figure 1 | Flow chart for participants selection.





Assessment of PNI

PNI is calculated using the formula provided below, which is based on the relevant information obtained during the initial interviews of individuals (24): PNI =  serum albumin (g/L) + 5 × total lymphocyte counts (109/L). In order to explore the association between PNI and CVD/all-cause mortality, The participants were classified into three groups and two group based on the PNI’s tertile (lower tertile, middle tertile, upper tertile) and the cut-off (<46.5, ≥46.5) value calculated by using the maximally selected log-rank statistics based on the ‘maxstat’ package (Figure 2), respectively. The PNI lower tertile group and PNI<46.5 group was utilized as the reference group.

[image: Histogram and line plot showing density distribution of a dataset with a density curve. The histogram is divided into red and blue sections. Below, a scatterplot displays standardized log-rank statistics versus PNI, with a cutpoint at 46.5, indicated by a dashed line. Red and blue dots represent high and low groups, respectively.]
Figure 2 | Identification of the cut-off value of PNI based on the method of maximally selected rank statistics.





Assessment of covariates

Based on previous studies, some pivotal and essential covariates were collected in this study, including demographic data, behavioral risk factors, and chronic non-communicable diseases, and laboratory test data (25–27). The demographic data including age (<60, ≥60), gender (male, female), race (non-Hispanic White, non-Hispanic Black, Hispanic, others), education (less than high school, high school or equivalent, college or above), family poverty income ratio (≤1.0, 1.0-3.0, ≥3.0), and BMI (<25, 25-30, ≥30). The cut-off values for age and PIR in subgroup definition were based on previous studies (26, 27), while the cut-off value for BMI was based on the criterion from World Health Organization (WHO) (28). Additional covariates included participants’ behavioral risk factors such as such as smoking (21) and drinking (27), and the disease status including hypertension and chronic obstructive pulmonary disease (COPD). Smoking status, as described in previous studies (21), was classified into three categories: never smoker (defined as having smoked fewer than 100 cigarettes in a lifetime), former smoker (having smoked more than 100 cigarettes but currently not smoking), and current smoker (having smoked more than 100 cigarettes and currently smoking either occasionally or daily). Alcohol consumption status was assessed based on responses to the question, “Had at least 12 alcohol drinks in any one year?” Individuals who answered “yes” were classified as drinkers, while those who replied “no” were categorized as nondrinkers. Hypertension was defined by any one of the following criteria, including self-reported history of hypertension, utilization of antihypertensive medication, with an average systolic blood pressure (SBP) ≥140 mmHg and/or an average diastolic blood pressure (DBP) ≥90 mmHg (21). The diagnosis of COPD was based on a self-reported physician’s diagnosis (29), which was verified through a combination of three self-reported COPD questionnaire items: “Has a doctor ever told you that you have chronic bronchitis?”, “Has a doctor ever told you that you have emphysema?”, and “Has a doctor or other health professional ever told you that you have COPD?”. Participants who responded “yes” to any of these questions were diagnosed as having COPD, while those who answered “no” were diagnosed as without COPD. Except for the above-mentioned covariates, some essential laboratory test variables were also collected in the current study, including estimated glomerular filtration rate (eGFR), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), total cholesterol (TC), triglycerides (TG), serum creatinine (SCR), lactate dehydrogenase (LDH), fasting serum insulin (FINS), fasting plasma glucose (FPG), blood urea nitrogen (BUN), aspartate aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin (TBil), γ-glutamyl transpeptidase (GGT), etc.





Ascertainment of mortality outcomes

The NCHS utilized probabilistic matching techniques, employing various identifiers such as social security numbers and dates of birth, to link NHANES data with the NDI and obtain survival status information for participants. Follow-up for these participants was terminated on December 31, 2019. If no match was identified in the NDI, it was assumed that the individual was alive. This study analyzed both survival outcomes and survival duration. All-cause mortality was defined as death from any cause, with specific causes of death identified using the International Statistical Classification of Diseases, 10th Revision (ICD-10). Cardiovascular deaths were identified using the International Statistical Classification of Diseases, 10th Revision (ICD-10) codes (I00-I09, I11, I13, and I20-I51) (21, 22).





Statistical analyses

Based on the NHANES analytic and reporting guidelines, complex sampling designs and sampling weights were taken into account during the analysis. Continuous variables were presented as median (Q1-Q3, interquartile) due to their non-normal distribution characteristics, while categorical variables were described as frequency and percentage. The Student t test or the Mann-Whitney U test, and the chi-square test or the Fisher’s exact test were utilized to identify the differences of continuous and categorical variables between two groups, respectively.

The optimal cut-off value for PNI, which got the most significant association with the survival outcomes, was identified by the methods of maximally selected rank statistics, which was completed by using the ‘maxstat’ package (30). Participants were divided into higher- and lower-PNI groups based on the identified PNI cut-off values. Weighted Cox regression analysis was performed to explore the association between PNI and all-cause and CVD mortality among in diabetic or prediabetic CVD patients. Two regression models were established for the adjustment of potential confounding factors, with the variables of age and gender being adjusted in model 1 and the variables of age, gender, race, education, marital status, FIR, family income-to-poverty ratio (FIR), smoking, drinking, BMI, COPD, hypertension, eGFR, HbA1C, TG and TC being adjusted in model 2. Subgroups analyses, interaction tests and restricted cubic spline (RCS) analyses, were conducted to verify the robustness and nonlinearity of the association between PNI and all-cause and CVD mortality in diabetic or prediabetic CVD patients. Survival probabilities were calculated by using the Kaplan-Meier method, and comparisons between groups were made by using the log-rank test (31). Time-dependent receiver operating characteristic (ROC) analysis (30, 32), completed by the ‘timeROC’ package, was performed to assess the predictive accuracy of the PNI at different time points for survival outcomes. All data were analyzed using R Software (version 4.4.1). A two-tailed p-value of less than 0.05 was considered to be statistically significant.






Results




Characteristics of the study population

A total of 1509 CVD participants with diabetes or prediabetes were included in the current study (Figure 1), and the median follow-up time for them was 61 (min to max, 1-162) months. The participants were categorized into the higher group (PNI ≥46.5, n=1211) and the lower group (PNI<46.5, n=298) based on the PNI cut-off value identified by maximally selected rank statistics (Figure 2). Compared with those in the lower PNI group, participants in the higher PNI group were more likely to be younger, be current drinkers, had no COPD, had higher levels of eGFR, TC, TG, albumin, serum iron and GGT. More details about the characteristics of diabetic or prediabetic CVD patients were presented in Tables 1, 2.

Table 1 | Characteristic of participants based on PNI grouping.


[image: A table presents variables compared between two groups: Lower PNI (<46.5) and Higher PNI (≥46.5). Categories include age, gender, race, education, BMI, FIR, drinking, smoking, hypertension, COPD, and diabetes. Each variable lists total numbers, percentages, and P-values. Significant differences are noted for age, BMI, FIR, drinking, COPD, and diabetes, as indicated by P-values. The table also includes median and quartile ranges for specific variables.]
Table 2 | Baseline levels of laboratory characteristics based on PNI grouping.


[image: Comparison table of clinical variables between groups with lower and higher Prognostic Nutritional Index (PNI) values. It lists variables including HbA1C, eGFR, LDL-C, HDL-C, total cholesterol, triglycerides, and others, showing medians and interquartile ranges for each group, alongside p-values indicating statistical significance.]




Associations of the PNI with all−cause mortality

During a median follow-up of 61 months (interquartile range (IQR), 33.0–103.0 months), a total of 507 (33.60%) diabetic or prediabetic CVD patients died, including 170 (33.53%) CVD deaths and 337 (66.47%) non-CVD deaths. Restricted cubic spline (RCS) analysis is commonly used in data analysis to explore the potential nonlinear relationships between an exposed variable and outcome variable. In this study, the results revealed a negative and nonlinear association between PNI and all-cause mortality in diabetic or prediabetic CVD patients (P for nonlinearity<0.05) (Figure 3A).

[image: Two graphs labeled A and B depict hazard ratios (HR) with ninety-five percent confidence intervals (CI) related to PNI values ranging from forty to seventy. Both curves show diminishing HRs as PNI increases, leveling off around PNI fifty. The graphs include red lines indicating HR trends and shaded areas representing CIs, accompanied by dashed lines at HR of one.]
Figure 3 | Determination of the association of PNI with all-cause and CVD mortality among diabetic or prediabetic CVD patients. (A) All-cause mortality; (B) CVD mortality. The RCS regression model was adjusted as model 2. The red solid line of the restricted cubic spline (RCS) curve represents the fitted smooth curve, while the shaded area indicates the 95% confidence interval. RCS, restricted cubic spline; PNI, prognostic nutritional index; CVD, cardiovascular disease; HR, hazard ratio.

In the entire cohort, including diabetic or prediabetic CVD patients, weighted Cox regression analyses were further performed to explore the association between PNI and all-cause mortality. In the non-adjusted model (crude model), increased levels of PNI were observed to associate with reduced risks for all-cause mortality (PNI as continuous variable: HR=0.93, 95% CI: 0.91-0.95, P<0.0001; PNI as dichotomous variables: HR=0.38 for higher PNI group, 95% CI: 0.31-0.45, P<0.0001). After full adjustment of potential covariates (model 2), increased levels of PNI were also associated with decreased risks for all-cause mortality (PNI as continuous variable: HR=0.95, 95%CI: 0.94-0.97, P<0.0001; PNI as dichotomous variables: HR=0.49 for higher PNI group, 95%CI: 0.40-0.60, P<0.0001) (Table 3). According to the Kaplan-Meier survival analysis in all participants, those in the higher PNI group got significantly higher survival rates as opposed to those in the lower PNI group (Figure 4A).

Table 3 | Association between PNI and mortality in diabetic or prediabetic CVD patients.


[image: Table comparing hazard ratios (HR) for all-cause and CVD mortality across three models: Crude, Model 1, and Model 2. For all-cause mortality, the HR for PNI ranges from 0.93 to 0.95 with significant P-values below 0.0001. In categorical PNI, HRs less than 46.5 serve as the reference, while HRs for greater than or equal to 46.5 range from 0.38 to 0.49. For CVD mortality, PNI HRs range from 0.90 to 0.93. Categorical PNI HRs for more than or equal to 46.5 range from 0.28 to 0.36, all with P-values below 0.0001.]
[image: Kaplan-Meier plots in two panels: (A) and (B), comparing survival probability over 180 months for groups labeled "Low" and "High" with p-values less than 0.0001. The "High" group consistently shows higher survival probability than the "Low" group. Below each plot are tables showing the number at risk at various times and bar graphs illustrating the number of censoring events.]
Figure 4 | Kaplan–Meier curves of diabetic or prediabetic CVD patients within different PNI subgroups (Higher PNI, ≥46.5; Lower PNI, <46.5). (A) All-cause mortality; (B) CVD mortality. +9.

In the diabetic CVD patients, the results from weighted Cox regression analyses revealed that increased levels of PNI were associated with reduced risks for all-cause mortality in all models. In the fully-adjusted model (model 2), higher PNI was significantly correlated with reduced risks for all-cause mortality (PNI as continuous variable: HR=0.94, 95%CI: 0.92-0.96, P<0.0001; PNI as dichotomous variables: HR=0.48 for higher PNI group, 95%CI: 0.39-0.59, P<0.0001) (Supplementary Table 1). Similar trends were observed in Kaplan-Meier survival curves, as presented in Supplementary Figure 1A.

In the prediabetic CVD patients, higher PNI was found to associate with reduced risk of all-cause mortality in the crude model (Supplementary Table 2, Supplementary Figure 2A) and model 1, but such association became insignificant in the fully-adjusted model (Supplementary Table 2).





Associations of the PNI with CVD mortality

A negative and nonlinear association between PNI and CVD mortality was observed in diabetic or prediabetic CVD patients (P for nonlinearity<0.05) (Figure 3B).

In the entire cohort, weighted Cox regression analyses revealed that increased levels of PNI (as continuous and dichotomous variable) were significantly correlated with reduced risks for CVD mortality (Table 3). In the unadjusted model (Crude model), when analyzed as continuous variable, every 1-point increasement in PNI was associated with 10% reduced risk for CVD mortality (HR=0.90, 95%CI:0.88-0.93, P<0.0001). After adjusting for confounding factors, this association still remained significant (Table 3). Similarly, in the unadjusted model (Crude model), when analyzed as categorical variable, higher levels of PNI was significantly associated with decreased risks for CVD mortality (HR=0.36 for higher PNI group, 95%CI: 0.26-0.50, P<0.0001) (Table 3). The Kaplan-Meier survival plots revealed that the CVD mortality was lower in the higher PNI group than in the lower PNI group (Figure 4B).

In diabetic CVD patients, weighted multivariable Cox regression analyses indicated a significantly negative association between PNI and CVD mortality (Supplementary Table 1). In the unadjusted model (Crude model), when PNI was analyzed as continuous variable, every 1-point increase in PNI was correlated with 9% reduced risk of CVD mortality (HR=0.32, 95%CI: 0.23-0.44, P<0.0001). Similarly, in the fully-adjusted model, higher PNI was significantly associated with decreased risks for CVD mortality (HR=0.37 for higher PNI group, 95%CI: 0.26-0.52, P<0.0001) (Supplementary Table 1), which was confirmed by the findings from the Kaplan-Meier survival plots (Supplementary Figure 1B).

In the prediabetic CVD patients, although patients in the higher PNI group (PNI≥46.5) was associated with reduced risk for CVD mortality when PNI was analyzed as dichotomous variable in all Cox regression models. However, such association became insignificant when PNI was analyzed as continuous variable in the fully-adjusted model (Supplementary Table 2). Similarly, the Kaplan-Meier survival plots showed that the CVD mortality was lower in participants with a higher PNI level (PNI≥46.5) as opposed to participants with a lower PNI level (PNI<46.5) (Supplementary Figure 2B).





Subgroup analyses

In order to confirm the robustness and stability of the association between PNI and all-cause and CVD mortality, subgroup analyses were conducted based on age, gender, smoking, drinking, COPD, BMI and hypertension, with the results being presented in Tables 4, 5. A similar and consistent association was observed between PNI and all-cause and CVD mortality in different subgroups based on these variables. Additionally, no significant interactions between the aforementioned characteristics and PNI were found for all-cause and CVD mortality (all P interaction >0.05).

Table 4 | Stratified analyses to verify the associations between PNI and all-cause mortality.


[image: Table detailing all-cause mortality hazard ratios (HR) and confidence intervals (CI) based on prognostic nutritional index (PNI) levels and various factors. Factors include age, gender, smoking, drinking, COPD, BMI, and hypertension. Each row compares groups with lower PNI (<46.5) and higher PNI (≥46.5) showing HR, CI, P-values, and interaction P-values. Age has a significant interaction P-value of 0.1260. Variables adjusted in analysis include age, gender, marital status, smoking, BMI, and others.]
Table 5 | Stratified analyses to verify the associations between PNI and CVD mortality.


[image: Table showing hazard ratios (HR) for cardiovascular disease (CVD) mortality across various factors. It compares lower and higher prognostic nutritional index (PNI) groups with factors such as age, gender, smoking, drinking, COPD, BMI, and hypertension. Each factor has HR, confidence interval (CI), and p-value, along with interaction p-values.]




Identification of the predictive value of PNI for all-cause and CVD mortality based on Time-dependent ROC analysis

The time-dependent ROC analyses were conducted to assess the prognostic value of PNI for all-cause and CVD mortality in diabetic or prediabetic CVD patients. The results indicated that the area under the curve (AUC) of PNI for 1-year, 3-year, 5-year and 10-year all-cause mortality was 0.66 (0.59-0.74), 0.66 (0.61-0.70), 0.66 (0.62-0.70), and 0.67 (0.63-0.71), respectively (Figures 5A, B). Regarding the CVD mortality, the AUC of PNI for 1-year, 3-year, 5-year and 10-year was 0.72 (0.62-0.82), 0.70 (0.63-0.77), 0.72 (0.66-0.77), and 0.69 (0.63-0.74), respectively (Figures 5C, D). These findings suggest that the PNI holds significant predictive potential for both all-cause and CVD mortality over short and long durations.

[image: Four charts labeled A, B, C, and D. A and C are ROC curves showing sensitivity versus 1-specificity for multiple time points, with AUC values indicating predictive performance over one, three, five, and ten years. B and D are line graphs displaying AUC trends over ten years, with confidence intervals marked by dashed lines. Dotted lines mark AUC of 0.5, representing random prediction.]
Figure 5 | Evaluation of predicting performance of PNI for all-cause mortality and CVD mortality based on Time-dependent ROC curves and time-dependent AUC curves. (A, B) All-cause mortality; (C, D) CVD mortality.






Discussion

In the current study, we aimed to elucidate the association of PNI, an immunonutritional biomarker, with all-cause and CVD mortality in CVD patients with diabetes or prediabetes. Our results revealed that higher level of PNI was significantly associated reduced risk for all-cause and CVD mortality, and the relationship between PNI and mortality was non-linear (L-shape). The association remained stable across different subgroups based on variables of age, gender, smoking, drinking, COPD, BMI and hypertension, and was not modified by the aforementioned characteristics. As survival predictor, the time-dependent ROC curve revealed that PNI performed well in predicting the 1-, 3-, 5-, and 10-year survival rates of all-cause and CVD mortality.

Cardiovascular diseases represent the primary cause of mortality worldwide, with their prevalence steadily increasing in developed and developing countries (33). Individuals with insulin resistance and diabetes face an even greater susceptibility to cardiovascular diseases (19). Both CVD and diabetes/prediabetes were closely related to nutritional imbalance and immune disorders, and the two aspects were mutually linked to each other. Detailedly speaking, when the body encounters an abundance of nutrients, it reserves them as energy in adipose tissue, the liver, muscle, and other unwanted locations (e.g., cardio-cerebrovascular system, the primary cause of cardiovascular and cerebrovascular diseases). Conversely, during episodes of nutrient scarcity, the body mobilizes these stored reserves to sustain physiological functions. This process leads to variations in adipose tissue volume, which can either augment or diminish depending on nutrient availability. Such fluctuations influence the secretion of various adipose tissue hormones and adipocytokines, including leptin, tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), and adiponectin. A number of these adipocytokines serve crucial roles in immune signaling, which can modify the biological characteristics of immune cells and fine-tune the immune response. Therefore, immunonutritional indicators which can accurately represent the dynamic changes of immune and nutritional status of individuals can serve as effective prognosticator for predicting all-cause and CVD mortality in diabetic and prediabetic CVD patients.

In our study, we found that PNI was non-linearly associated with mortality in diabetic and prediabetic CVD patients, and a threshold of 46.5 for PNI was identified by maximally selected rank statistics analysis. Individuals with higher PNI level (>46.5) showed significantly lower mortality risk, indicating that enhancing immunonutritional status can help to improve prognosis in CVD patients with diabetes or prediabetes. A previous meta-analysis involving seven studies found that, among patients with acute coronary syndrome, those with lower PNI levels exhibited a pooled hazard ratio (HR) of 2.97 (95%CI: 1.65–5.34, P=0.0003, I²=89%) for all-cause mortality and 2.04 (95%CI: 1.59–2.61; P<0.00001; I²=21%) for major adverse cardiovascular events (34). The cut-off value of PNI in the aforementioned studies ranged from 45 to 56, which was very similar to the threshold (PNI=46.5) identified in our study. Furthermore, numerous studies have investigated the relationship between PNI tertiles or quartiles and mortality, consistently concluding that higher PNI levels are associated with a reduced risk of mortality (35). These results collectively underscored the significant predictive potential of PNI as a prognostic indicator for patients with cardiovascular disease.

PNI is derived from albumin (ALB) and lymphocyte, among which ALB is a bioactive substance produced by the liver and plays vital roles in various aspects, while lymphocyte is an important component of the immune system. ALB is reported to implicate in various conditions, including diabetes (36), sepsis (37), ischemic stroke (38, 39), Alzheimer’s disease (40, 41), etc. In a 2465-person cohort study, low ALB levels and increased nutritional risk is independently associated with the 30-day mortality in patients with acute disease, with the AUC being 0.77 and 0.75, respectively (42). Besides, both malnutrition and albumin levels emerged as independent prognostic factors for end-stage kidney disease mortality during a 10-year follow-up (43). As an pivotal component of PNI, lymphocytes are closely involved in the onset and progression of multiple diseases, including diabetes and CVD (44, 45). A fundamental study has uncovered that the intake of excessive nutrients can promote the production of abundant inflammatory cytokines in immune cells (e.g., macrophages), which is the primary cause for continuous chronic inflammation and insulin resistance, the initiator and accelerator of diabetic or prediabetic status (46).

In our study, the interaction between PNI and other covariates are not significant, suggesting that PNI is an independent predictor of mortality. Actually, except for the population mentioned in our study, PNI was reported to serve as valuable predictor for the outcome (mainly the risks for mortality, increased risks for the occurrence of comorbidities) in other participants populations, such as chronic kidney disease (CKD) (47), type 2 diabetes (17), pheochromocytoma (48), osteoporosis (49), Crimean Congo hemorrhagic fever (50), and so on. The findings from our study, as well as from previous studies, highlighted the fundamental roles of immunity and nutrition in multiple disease conditions. It should be noted that PNI may be not a highly-specific indicator for certain disease, but its’ favorable prediction performance and remarkable association with various diseases have emphasized its’ useful predictive information and intervention target in clinical practice. Therefore, improving the immunonutritional status may help to get better prognosis when we are treating the targeted disease.

Our study did not found significant association between PNI and mortality in prediabetic CVD patients, which may be associated with the variations in serum albumin. A prior study examining the immune and inflammatory response profiles in individuals with prediabetes and diabetes found that lymphocyte levels increased in association with subclinical disease. However, these levels remained relatively stable despite the progression to diabetes (51). Thus, while lymphocyte counts may rise with earlier immune disturbances, they do not significantly fluctuate with the advancement of the disease. This suggested that the changes of albumin may contribute to the prognostic difference of PNI in prediabetic and diabetic CVD patients. Actually, patients with prediabetes generally exhibit significantly lower levels of kidney function impairment compared to those with diabetes. This difference arises primarily because individuals with diabetes may experience proteinuria due to diabetic nephropathy, which leads to considerable loss of serum albumin and ultimately results in hypoalbuminemia. In our study, we specifically observed a significant difference in serum albumin levels between diabetic CVD patients and their prediabetic counterparts, with values of 40.26 ± 3.60 for diabetic patients versus 41.21 ± 3.61 for prediabetic patients (P < 0.001). Furthermore, it is important to note that many indicators used to evaluate the clinical prognosis of diabetes have incorporated serum albumin in their assessments, such as red blood cell distribution width (RDW)-to-albumin ratio (RAR) (52), neutrophil percentage-to-albumin ratio (NPAR) (53), and so on. This further highlights its vital predictive value in the outcomes related to diabetes. Considering all these factors, variations in albumin levels between diabetic and prediabetic patients may explain the predictive differences in PNI between the two groups.

A principal strength of our study lies in its incorporation of a substantial and diverse sample size, which not only bolsters the robustness of our conclusions but also significantly enhances statistical power. Moreover, as all participants were sourced from the NHANES survey, this design significantly minimizes the potential for selection bias. Nonetheless, several limitations to this study should be acknowledged. First, while we considered a range of potential confounding factors in our analysis, the possibility persists that PNI may be influenced by additional, unidentified variables, such as the eating patterns or medication usage. Second, given that this study primarily focused on individuals with diabetes or prediabetes in the United States, further research is essential to evaluate the extent to which our findings can be extrapolated to other populations. Third, as our study relies solely on baseline PNI data obtained from the NHANES database, it focuses exclusively on the prognostic value of baseline PNI. Thus, it remains unclear whether changes in PNI over time during follow-up can also serve as predictors of mortality, and this aspect necessitates further investigation. Fourth, the use of self-reported data to diagnose diabetes or cardiovascular disease (CVD) may introduce some misclassification bias in the current study. Fifth, since PNI is calculated based on serum albumin and lymphocyte counts, it cannot be considered a specific biomarker for prognostic prediction. Additionally, PNI exhibited an AUC ranging from 0.66 to 0.72, indicating moderate discrimination accuracy in assessing CVD or all-cause mortality among individuals with CVD and diabetes. Therefore, its use alone may not be adequate, and it is advisable to combine PNI with other prognostic indicators for clinical application. Finally, the median follow-up duration of 61 months is relatively short, which may be inadequate to capture mortality outcomes in all subjects and could potentially influence the findings of our study.

In summary, our study revealed a significant correlation between low PNI levels and heightened mortality in cardiovascular disease (CVD) patients with diabetes. These findings underscore the imperative to tackle malnutrition within the diabetic population, particularly among those afflicted by CVD. Preventive strategies should focus on obesity alleviation, whereas for individuals already experiencing malnutrition, efforts must prioritize the enhancement of nutritional status to reduce CVD-related mortality.





Conclusion

Our study determined a significant and non-linear relationship between PNI and all-cause and CVD mortality in diabetic and prediabetic CVD patients. These findings suggest that PNI can be integrated into routine clinical practice as a reference tool for healthcare professionals when assessing the mortality risk in CVD patients with diabetes or prediabetes.
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Magnesium depletion scores as a risk factor for prevalence and mortality rates of urinary incontinence: a national survey analysis
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Background: Magnesium regulates vascular smooth muscle contraction, with implications for cardiovascular diseases. However, the population-level relevance of magnesium homeostasis to urinary incontinence (UI) subtypes and associated mortality remains unexamined.
Methods: The National Health and Nutrition Examination Survey (NHANES) were utilized to investigate the association between magnesium depletion score (MDS) and urinary incontinence (UI) from 2005 to 2018. Weighted multivariate regression analyses and multivariate Cox regression analyses were used to analysis. Additionally, subgroup analyses and multiple imputations (MI) were carried out as sensitivity analyses to ensure the strength and reliability of the findings.
Results: A total of 16,197 individuals were included in the study, with 6,881 of them experiencing urinary incontinence (UI). Among those with UI, 767 cases of all-cause mortality were documented. The prevalence rates were 42.83% for stress urinary incontinence (SUI), 27.85% for urgency urinary incontinence (UUI), and 16.82% for mixed urinary incontinence (MUI). Results from weighted logistic regression analysis demonstrated a positive relationship between MDS and SUI (OR 1.09, 95% CI: 1.01–1.17), UUI (OR 1.14, 95% CI: 1.06–1.22), and MUI (OR 1.22, 95% CI: 1.11–1.35). Additionally, higher MDS values were associated with increased severity of urinary incontinence. These findings were further supported by various sensitivity analyses. Furthermore, survey-weighted Cox proportional hazards regression indicated a positive association between MDS and all-cause mortality regardless of (OR 1.27, 95% CI: 1.13–1.41), suggesting that higher MDS independently predicts worse prognosis.
Conclusion: MDS is an important risk factor for the prevalence and mortality rates of UI. Monitoring magnesium status may inform UI prevention strategies. Interpretation should consider limitations including observational design and lack of serum magnesium levels.
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 urinary incontinence; stress urinary incontinence; urgent urinary incontinence; NHANES; magnesium


Introduction

Urinary incontinence (UI) is a prevalent condition characterized by the International Continence Society as the involuntary leakage of urine. It is commonly classified into stress urinary incontinence (SUI), urgency urinary incontinence (UUI), and mixed urinary incontinence (MUI) (1, 2). Studies (3–5) suggest that UI affects approximately 25–50% of adult women, with a higher incidence among older individuals. Despite its commonality, less than a quarter of women with UI seek medical intervention (6, 7). The condition can lead to negative psychological effects (8–11) such as depression and anxiety, along with physical discomforts like body odor, sleep disturbances, skin irritation, and an increased risk of falls. This not only impacts individual well-being but also places a substantial economic strain on healthcare systems globally. The development of UI is influenced by various factors (12–17) including chronic illnesses, medication use, childbirth complications, and environmental triggers. Nonetheless, the underlying mechanisms of UI are still unclear.

Given magnesium’s critical role in muscle regulation and nerve function, its deficiency may contribute to the pathophysiology of UI. Emerging evidence suggests that magnesium deficiency may contribute to UI through its role in smooth muscle regulation. Magnesium acts as a natural calcium antagonist, inhibiting voltage-gated calcium channels and reducing detrusor muscle overactivity (18). Clinical trials have shown that magnesium supplementation alleviates postoperative bladder discomfort (19–21) and improves urgency symptoms in women with detrusor instability (22). These findings suggest a potential mechanistic link between magnesium status and bladder dysfunction. Magnesium is a crucial trace element in the human body, playing various essential roles. It acts as a cofactor for multiple enzymes, regulating their functions, and is involved in the regulation of ion channels, modulation of the neurosystem, cardiovascular functions, and other important processes (23–25). In clinical settings, serum magnesium concentration is often utilized to diagnose systemic magnesium deficiency. However, as serum magnesium represents only a small portion of the total body magnesium, with the majority stored in bones and tissues, blood tests may not provide a complete assessment of an individual’s magnesium status (26). Current research (27) indicates that serum magnesium is not the best predictor for diagnosing magnesium deficiency in the body. Alternative methods, such as 24-h urinary magnesium excretion, offer a more accurate evaluation of total body magnesium content. The magnesium tolerance test (MTT) is considered the most reliable method, although its complexity and the need for pre- and post-intravenous magnesium injection urine samples limit its clinical utility. The MDS was first established and psychometrically evaluated within the Personalized Prevention of Colorectal Cancer Trial, utilizing a cohort of 77 participants demonstrating elevated susceptibility to magnesium depletion. It demonstrated strong correlation with magnesium deficiency confirmed by the MTT and showed utility in predicting systemic inflammation and cardiovascular mortality, thereby supporting its reliability as a clinical tool for assessing magnesium status (28). Although magnesium’s role in cardiovascular and metabolic diseases is well-established (23, 29–36), its association with urinary incontinence (UI) remains underexplored. Prior research (26, 27) focused on serum magnesium levels, which may not fully reflect systemic magnesium status. To our knowledge, no study has evaluated the MDS in relation to UI risk or prognosis.

Limited research exists on the association between magnesium and urinary incontinence. This study aimed to investigate the association of MDS on UI and its prognostic relevance. We hypothesized that higher MDS scores would be associated with an increased risk of UI and poorer prognostic outcomes. The National Health and Nutrition Examination Survey data was utilized for cross-sectional and cohort analyses to explore the relationship between MDS and UI.



Materials and methods


Study population

NHANES is a national initiative led by the National Center for Health Statistics (NCHS) to evaluate nutritional status and its influence on health and disease prevention. The survey involves interviews and physical examinations conducted by trained healthcare professionals. This study utilized cross-sectional and cohort study designs, analyzing data from NHANES between 2005 and 2018. Data on Complete UI and MDS were collected from participants. NHANES was approved by the Centers for Disease Control and Prevention (CDC) National Center for Research Ethics in Health Statistics, and written informed consent was obtained from all adult participants.



Assessment of UI

UI is characterized and categorized through two interviews within the “Kidney Conditions-Urology” section. The topic of urinary incontinence was specifically discussed with participants aged 20 and older. If the participant answers “yes” to the question “During the past 12 months, have you leaked or lost control of even a small amount of urine with an activity like coughing, lifting, or exercise?,” it indicates SUI. If the participant answers “yes” to the question “During the past 12 months, have you leaked or lost control of even a small amount of urine with an urge or pressure to urinate and you could not get to the toilet fast enough?,” it indicates UUI (37, 38). Participants who answered affirmatively to both questions were classified as having MUI. Both questions aimed to determine the frequency of these incidents (daily, several times per week, several times per month, several times per year) and the severity of urinary leakage each time (drops, splashes, or more).

All eligible participants with sufficient identifying information were linked to mortality data using the National Death Index from the National Center for Health Statistics Research Data. The association was established through publicly available linked mortality files from the National Center for Health Statistics, with a focus on deaths from any cause. The follow-up period began at the time of completion of the NHANES questionnaire and ended at the time of death or December 31, 2019.



Assessment of MDS

The MDS is determined based on specific criteria (28), including the current use of diuretics (1 point), proton pump inhibitors (1 point), and excessive alcohol consumption (1 point), as well as the classification of renal function. Renal function is classified into normal (score 0), mild deterioration (score 1), and severe deterioration (score 2) based on glomerular filtration rate (eGFR) calculated using the CKD-EPI formula. Participants were categorized into normal renal function [eGFR ≥ 90 mL/(min 1.73 m2)], mildly impaired renal function [60 mL/(min 1.73 m2) ≤ eGFR < 90 mL/(min 1.73 m2)], and severely impaired renal function [eGFR < 60 mL/(min 1.73 m2)].



Covariates

The variables examined in this study included demographic characteristics such as age, body mass index, marital status, education, race, and household income. Lifestyle habits like physical activity and smoking, comorbidities such as coronary heart disease, hypertension, metabolic syndrome, diabetes, previous cancer, and hysterectomy were also considered. Additionally, dietary magnesium intake and total energy intake were included in the analysis. The diagnostic criteria for diabetes comprised glycosylated hemoglobin (HbA1c) ≥6.5%, fasting plasma glucose ≥126 mg/dL, use of antidiabetic medications, or self-report. Hypertension diagnosis was based on systolic/diastolic blood pressure ≥140/90 mmHg, use of antihypertensive medication, or self-report. Cardiovascular disease diagnosis included coronary heart disease, congestive heart failure, heart attack, stroke, and angina. Metabolic syndrome in adults was determined according to the National Cholesterol Education Program Adult Treatment Group III criteria (39, 40). The Systemic Immune-Inflammation Index (SII) (41) was calculated using the formula: SII = [Neutrophil count (109/L)] × [Platelet count (109/L)]/[Lymphocyte count (109/L)]. Data on dietary magnesium intake (mg/day) and energy intake were collected through two 24-h dietary recall interviews, encompassing intake from both food and beverages. Initial data collection was at the Mobile Examination Center (MEC), followed by a second telephone survey 3 to 10 days later. To ensure result objectivity, average magnesium intake and total energy intake for each participant were calculated based on data from both time points.



Statistical analysis

The data processing in our study adhered to the NHANES analysis guidelines. None of the variables had missing data exceeding 10%. All analyses were performed using appropriate sampling weights. Weighted means (standard errors) were utilized to present continuous data, whereas weighted percentages (standard errors) were employed for categorical data. Student’s t-test was used to compare baseline characteristics for differences in continuous data, while the chi-square test was used for categorical data.

Weighted multiple logistic regression analysis was used to investigate the association between MDS and UI, while adjusting for various demographic and health factors (age, race, marital status, education, PIR, BMI, moderate and vigorous activity, smoking status, DM, CVD, hypertension, cancer, MetS, hyperlipidemia, vaginal delivery, hysterectomy, albumin, SII, magnesium intake, energy, creatinine, and uric acid). Additionally, weighted multivariable Cox proportional hazards regression analysis was conducted to assess the association between MDS and all-cause mortality risk. Similar adjustments were made in both analyses. The comparison of cumulative survival rates across different MDS categories was plotted using weighted Kaplan–Meier curves with log-rank tests. Multiple sensitivity analyses were performed, including categorizing MDS as a variable, subgroup analyses and multiple imputation. All statistical analyses were conducted using R software (version 4.2.0) and Free Statistics software (version 1.9.2).




Results


Participant characteristics

Table 1 presents the demographic characteristics of the participants. Following the screening process, 16,197 cases met the predefined criteria as shown in Figure 1. The average age of the participants was 48.57 years, with prevalence rates of SUI at 42.83%, UUI at 27.85%, and MUI at 16.82%. Figure 2 illustrates the distribution of different MDS levels among individuals with SUI, UUI, and MUI. The data shows that participants with UI have a higher proportion in the group where MDS >0 compared to those without UI. It is worth noting that individuals with higher MDS demonstrated higher age, BMI, a greater history of hysterectomy and vaginal delivery, increased comorbidities (such as diabetes, cardiovascular disease, hypertension, tumors, metabolic syndrome, and hyperlipidemia), higher SII, as well as elevated levels of creatinine and uric acid.



TABLE 1 Demographic and clinical parameters according to MDS (N = 16,197).
[image: Table displaying demographic, health, and lifestyle variables across different magnesium depletion scores (MDS) groups, with associated p-values. Categories include age, BMI, race, marital status, education, income, smoking, physical activity, hysterectomy, delivery history, diseases, metabolic conditions, and nutrient intake. Data shows mean values and percentages, emphasizing variations and statistical significance.]

[image: Flowchart depicting participant selection from the NHANES 2005-2018 study on kidney conditions. Starting with 39,749 participants, exclusions include 19,250 males, missing data on UI (2,983), SUI (17), UUI (10), and MDS (664). The remaining 16,829 participants exclude 553 pregnant and 79 unable to do activity, resulting in 16,197 participants. A further exclusion of 34 missing OS data leaves 6,867 non-UI participants. Categories shown include correlation between MDS and UI and the association of MDS with all-cause mortality among individuals with OAB.]

FIGURE 1
 Flowchart of the sample selection from the National Health and Nutrition Examination Survey 2005 to 2018. UI, urinary incontinence; MDS, magnesium depletion score; NHANES, National Health and Nutrition Examination Survey.


[image: Bar charts labeled A, B, and C compare the percentage of participants with different levels of MDS (0, 1, 2, 3 or more) between two categories each: SUI, UUI, and MUI. Each chart highlights significant differences with p-values below 0.001. Differences in participant distribution are shown with various colors, emphasizing higher percentages in the "No" category for MDS level 0 and varying distributions for other levels.]

FIGURE 2
 The distribution of MDS in UI, SUI (A), UUI (B), and MUI (C).




The association between MDS and UI

The association between MDS and UI was examined through weighted logistic regression analysis (Table 2). In the case of SUI, a significant positive association was observed between the continuous MDS score and SUI without any adjustments (Crude model: OR = 1.29, 95% CI = 1.23–1.35). Upon controlling for covariates in Model 1, Model 2, and Model 3, MDS continued to be positively linked to SUI, albeit with a reduced OR (OR = 1.09, 95% CI = 1.01–1.17). When MDS was categorized with MDS = 0 as the reference, the positive relationship with SUI persisted across all models, with a significant linear trend noted between increasing MDS and heightened SUI risk (p < 0.05).



TABLE 2 Association between MDS and UI.
[image: Table showing the association of MDS with SUI, UUI, and MUI across four models: unadjusted, Model 1 (adjusted for basic covariates), Model 2 (additional adjustments), and Model 3 (further adjustments). For each incontinence type, results are presented by continuous measure and category of MDS, with references and trend p-values. Confidence intervals are provided for each estimate, indicating varying strengths of association across models.]

Similarly, the association between MDS and UUI and MUI demonstrated comparable patterns to MDS and SUI. MDS exhibited a positive association with both UUI and MUI, whether analyzed as a continuous or categorical variable. The initial OR diminished after adjustments for various models and confounding variables.

Table 3 revealed a positive association between the severity of urinary incontinence and MDS. When comparing MDS levels to urine leakage per episode, “small splashes” and “more” had unadjusted OR values of 1.2 (95% CI = 1.12–1.28) and 1.58 (95% CI = 1.44–1.72) respectively. After adjusting for different models, the association persisted but with decreased OR values. Similarly, when examining MDS in relation to the frequency of urinary incontinence, “a few times a week” and “every day and/or night” groups displayed significant p-values (<0.05), indicating a strong link. However, the “a few times a month” group did not show a significant association. Overall, our findings suggest that as the frequency or volume of urine leakage increases, there is a corresponding rise in OR values, highlighting the positive association between MDS and the severity of urinary incontinence.



TABLE 3 Association between MDS and severity of UI.
[image: Table showing odds ratios for urinary incontinence (UI) based on volume and frequency across different models. For UI volume, "drops" serve as reference. "Small splashes" and "more" have higher odds ratios compared to reference, decreasing from Model 1 to Model 3. For UI frequency, "less than once a month" is reference. "A few times a month," "a few times a week," and "every day and/or night" show increasing odds, also decreasing from Model 1 to Model 3. Models include adjustments for various covariates, as noted below the table.]



Subgroup analysis

Subgroup analyses were performed to further investigate the relationship between MDS and different types of UI (Table 4). The results indicated that MDS was significantly associated with SUI in subgroups characterized by age <50, delivery = 0, and no hypertension. An interaction effect of age (<50 or ≥50) was observed, suggesting that the impact of MDS on SUI varies across age groups. Similar interaction effects were also noted in the delivery and hypertension subgroups. In the subgroup analysis of BMI ≥25 and magnesium intake Q1 group, MDS showed a significant association with UUI, with an interaction effect observed in the CVD subgroup (p for interaction = 0.04), indicating variability in the association of MDS on UUI among different CVD subgroups. For MUI subgroup analysis, MDS exhibited a positive association with MUI in most subgroups, except for the BMI <25 and PIR = 1.3–3.5 group. No significant interaction effects were found among the subgroups (all p for interaction >0.05).



TABLE 4 Subgroup analysis of the association between MDS and UI.
[image: A table displays odds ratios (OR) with ninety-five percent confidence intervals (CI) and p-values for interaction across three conditions: SUI, UUI, and MUI. Variables include age, BMI, race, marital status, education level, PIR, smoking status, and more. Each variable lists OR (CI) and p-values, highlighting associations and interactions. For instance, age under fifty has an OR of 1.43 for SUI with a significant p-value of 0.005. Hypertension shows a significant OR of 1.35 under SUI with a p-value less than 0.001. The table provides a comprehensive comparison of various demographic and health factors.]



Sensitivity analysis

Multiple imputation techniques were utilized to address missing values, resulting in the creation of five datasets for analysis. Logistic regression analysis was conducted to explore the relationship between imputed MDS and UI. The adjusted models remained consistent with the covariates adjusted in the previous Model 3. Findings from Supplementary Table 2 revealed a positive association between MDS and UI across SUI, UUI, and MUI subtypes.



The association between MDS and mortality

In the UI population, the median follow-up time was 92 months. The median survival time was 148 months in the MDS ≥ 3 group, while the remaining groups did not reach the median survival time. Among 6,867 individuals, 767 deaths were recorded. Weighted Cox regression analysis was used to assess the link between MDS and all-cause mortality (Table 5). The unadjusted model revealed that for each one-unit increase in MDS, the risk of all-cause mortality rose by 1.03 times (OR = 2.03, 95% CI = 1.91–2.17). As different models were applied, the OR decreased, reaching 1.27 in the fully adjusted model. When MDS was treated as a categorical variable with MDS = 0 as the reference group, the unadjusted model indicated OR of 2.86 (95% CI: 1.96–4.16), 5.45 (95% CI: 3.84–7.74), and 12.93 (95% CI: 9.03–18.5) for the MDS = 1, MDS = 2, and MDS ≥ 3 groups, respectively. These OR weakened after adjusting for different models. The results consistently show a positive association between MDS score and the risk of all-cause mortality across various adjustment models. The p-value for trend was <0.0001 in all models, indicating a significant upward trend in all-cause mortality with increasing MDS scores. Figure 3 presents the survival outcomes of individuals with UI based on different MDS levels, indicating that as the MDS score increases, the prognosis deteriorates.



TABLE 5 The association between MDS and mortality.
[image: Table comparing all-cause death across different models, showing hazard ratios. Unadjusted model, Model 1, Model 2, and Model 3 include varying adjustments for covariates. MDS categories are shown with MDS = 0 as reference. Hazard ratios increase with higher MDS scores, with p-values for trend below 0.0001 in all models.]

[image: Kaplan-Meier survival plot depicting survival probabilities over time in months for different MDS risk groups. Four lines represent MDS=0 (red), MDS=1 (blue), MDS=2 (orange), and MDS≥3 (green). Higher MDS values show lower survival probabilities. Data tables underneath display the number at risk for each group at different time points. A p-value of less than 0.0001 indicates statistical significance.]

FIGURE 3
 Kaplan–Meier curves were used to present the relationship of the magnesium depletion score with all-cause mortality among participants with UI.


Additionally, we conducted an analysis of the relationship between MDS and all-cause mortality across various types of UI (see Supplementary Table 3). The results indicate that, in both the UI and non-UI populations, as well as across different UI subgroups, MDS ≥ 1 is positively correlated with all-cause mortality when compared to MDS = 0 (as a reference). Furthermore, the impact of MDS on all-cause mortality appears to increase with higher MDS levels (p for trend <0.05) regardless of UI status (p for interaction >0.05). Supplementary Table 4 illustrates the relationship between various magnesium intakes and MDS in relation to all-cause mortality, indicating that different levels of magnesium intake do not significantly influence MDS or all-cause mortality (p for interaction = 0.93). However, MDS is primarily associated with prognosis, as higher MDS levels correlate with poorer outcomes (p for trend <0.05). Supplementary Table 5 presents the association of varying magnesium intakes on all-cause mortality in both UI and non-UI populations. The findings suggest that, within the UI population, different magnesium intake levels do not significantly impact prognosis. Conversely, in the non-UI population, higher magnesium intake levels are linked to better prognoses, with this trend being statistically significant (p for trend <0.05).




Discussion

In our study, we uncovered a novel link between magnesium deficiency and UI. Our results showed a positive association between higher MDS scores and the probability of UI. Additionally, individuals with UI and higher MDS scores exhibited a heightened risk of all-cause mortality. Subgroup analyses consistently supported these associations across different population subgroups.

Abnormal levels of magnesium in the body are linked to various diseases, including atherosclerosis, dyslipidemia, abnormal blood glucose, type 2 diabetes, myocardial infarction, hypertension, renal stones, premenstrual syndrome, and mental disorders (29–36). Previous no literature exists on the connection between magnesium deficiency and UI. Studies (19–22) suggest that magnesium supplementation may help alleviate bladder discomfort in postoperative patients and improve symptoms in women with urgency or detrusor instability. Our research found higher magnesium depletion scores in individuals with UI, with more severe symptoms as magnesium levels decreased, underscoring the importance of magnesium deficiency in UI. Additionally, the impact of the MDS on UI varies among different subgroups, such as SUI, where interactions with age, BMI, number of vaginal deliveries, and hypertension were observed. Further studies are needed to investigate the underlying mechanisms behind these subgroup differences.

Magnesium deficiency may impair bladder function through dysregulation of smooth muscle activity. For example, in a randomized trial by Gordon et al. (22), 55% women with detrusor instability receiving magnesium hydroxide experienced a subjective improvement in urinary urgency. Similarly, preclinical studies demonstrate that magnesium depletion increases bladder smooth muscle contractility via elevated intracellular calcium influx (18, 42, 43). These findings, combined with magnesium’s known role in calcium channel regulation, provide multilevel support for our hypothesis.

Lower serum magnesium levels have been linked to increased mortality risk in various diseases (44–47), including cardiovascular mortality, acute myocardial infarction mortality, and chronic kidney disease mortality. This study is the first to identify a higher risk of all-cause mortality in UI patients with elevated MDS, with mortality risk rising with the severity of magnesium deficiency. Previous research (23) demonstrated that low magnesium intake and elevated MDS levels significantly influence the risk of all-cause mortality in a large sample population. In the cohort participating in the UI survey of this study, our findings indicate that the risk of all-cause mortality associated with MDS is primarily linked to the level of MDS itself, independent of UI status and magnesium intake levels. Notably, in the non-UI population, higher magnesium intake correlates with improved prognosis. Additionally, research by Ferre et al. (48) found that MDS is not associated with the presence of CKD, but may be related to serum magnesium levels. Our study further suggests that the impact of MDS on all-cause mortality remains independent of UI status. The findings of this research enhances our comprehension of the significance of magnesium status in health and disease, particularly in conditions like UI that have received less attention. Timely interventions could help reduce mortality risk, especially among those with elevated MDS.

This research highlights numerous advantages. It is the initial examination into the link between magnesium deficiency and UI, utilizing a large representative sample of the U.S. population with data collected over seven time periods. The ample sample size ensures robust statistical power for thorough analysis. The use of sample weights enhances the generalizability of the national results. The researchers considered various potential confounders, drawing on prior research and clinical expertise to improve the reliability of the outcomes. The study utilized the MDS as an indicator, offering a more precise reflection of magnesium’s physiological status. Sensitivity analyses were performed to confirm the strength of the results. However, there are some limitations to consider. The identification of participants with UUI and SUI relied on questionnaire surveys in the NHANES database, which may introduce misclassification. The cross-sectional nature of the data hinders establishing a causal relationship between MDS and UI. Despite efforts to control for confounders, the impact of unmeasured factors remains a concern. The absence of serum magnesium data in NHANES limits comparisons with MDS, necessitating further prospective research. Generalizing the results beyond the U.S. population should be done cautiously, as the findings may be specific to this demographic.



Conclusion

Our study reveals a significant positive association between MDS and the prevalence of UI. Furthermore, elevated MDS levels are linked to an increased risk of all-cause mortality among patients suffering from UI. These findings underscore the importance of monitoring magnesium status in individuals with UI, suggesting that addressing magnesium deficiency may not only improve urinary health but also potentially reduce mortality risks. Consequently, further research is warranted to explore the underlying mechanisms of this relationship and to evaluate the benefits of magnesium supplementation in this vulnerable population.
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Background and aims: Chronic obstructive pulmonary disease (COPD) is a long-lasting condition that significantly hinders respiratory function. Niacin, a crucial nutrient in the diet, is essential for maintaining general health. However, research on the effects of niacin on the mortality risk among individuals with COPD is sparse. Hence, this study aims to investigate the relationship between dietary niacin intake and mortality within this specific cohort of individuals.
Methods and results: A total of 3,674 self-reported COPD individuals from the National Health and Nutrition Examination Survey (NHANES) 1999–2018 were included in this study. The Cox proportional hazards model assessed the association between niacin intake and all-cause/cardiovascular disease (CVD) mortality. Kaplan–Meier curves illustrated survival based on niacin intake. Subgroup and sensitivity analyses were conducted to assess the robustness of the results. During an average follow-up period of 8.3 years, 1,085 all-cause deaths occurred, including 323 CVD-related deaths. A 10 mg/day niacin increase was associated with a 12% lower all-cause and 13% lower CVD mortality risk. Compared to the low dietary niacin intake group, the high intake group had a hazard ratio (HR) of 0.67 (95% CI: 0.56–0.82, p < 0.001) for all-cause mortality and 0.53 (95% CI: 0.37–0.77, p = 0.001) for CVD mortality. Kaplan–Meier survival curves indicated higher survival rates in the high-niacin group.
Conclusion: A higher dietary intake of niacin was associated with lower all-cause and CVD mortality among individuals with COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a severe chronic respiratory illness characterized by irreversible and persistent airflow limitation in the airways, thus posing a significant global health challenge (1, 2). With a high disability rate and ranking as the third leading cause of death globally, COPD imposes a considerable burden on clinical healthcare systems and public health (3, 4). COPD not only increases overall mortality but is also closely linked to the risk of cardiovascular disease (CVD) death (5). Pathophysiological changes in COPD patients, including systemic inflammation, vascular dysfunction, and hypoxia, accelerate atherosclerosis, thereby increasing the risk of cardiovascular events like myocardial infarction and stroke, and ultimately leading to higher CVD-related mortality (6). COPD has multiple risk factors, including smoking, genetic predisposition, environmental conditions, and dietary habits (2, 7). It is noteworthy that COPD is strongly associated with chronic inflammation, which may deteriorate during acute exacerbations, thereby posing a substantial threat to patients’ health (8). Hence, identifying effective methods to counteract abnormal inflammatory mechanisms in the lungs is pivotal for the prevention and early treatment of COPD.

In recent years, scholars have increasingly devoted attention to examining the correlation between dietary habits and COPD (9, 10). Specifically, the consumption of specific vitamins is believed to positively impact the maintenance of respiratory function and the alleviation of COPD symptoms. Owing to their antioxidant properties, these vitamins have the potential to facilitate cell repair and reduce inflammation, thereby potentially playing a pivotal role in both the prevention and management of COPD.

Niacin, alternatively referred to as vitamin B3, serves as a crucial nutrient participating in diverse physiological processes, such as energy metabolism, DNA repair, and cell signaling (11). Insufficient dietary intake of niacin may negatively impact oxidative phosphorylation, subsequently compromising mitochondrial respiratory function (12). However, controversy exists concerning niacin’s effects on human health. On one hand, studies indicated that niacin significantly decreases coronary events and overall mortality (13, 14). Conversely, certain research suggested that niacin may not be effective in preventing cardiovascular diseases and could potentially increase all-cause mortality (15–17). Furthermore, high dietary niacin intake has been positively associated with diabetes in US adults (18). Nevertheless, another study found that increasing dietary niacin intake improves glucose homeostasis in adults over 40 years old (19). Dietary niacin intake has also been linked to reduce all-cause and cardiac-related mortality in patients with chronic kidney disease (CKD) (20). Moreover, have revealed a notable correlation between niacin intake and forced expiratory volume in 1 s (FEV1) (21). This finding indicates a possible role of niacin in improving lung function. Another study has uncovered an inverse relationship between dietary niacin intake and the incidence of COPD among adults in the United State (22). A comparable correlation has been noted in the Korean populace as well (23). Nevertheless, the precise connection between dietary niacin intake and mortality in individuals with COPD remains obscure.

We hypothesize that there is a potential association between dietary niacin intake and COPD mortality. To test this hypothesis, we conducted a cohort study. The aim of this study is to explore the potential relationship between dietary niacin intake and mortality in COPD patients, providing scientific evidence to support nutritional interventions and treatments for COPD patients.



Methods


Data sources

This population-based longitudinal study has analyzed publicly available data from the NHANES database spanning from 1999 to 2018. Data were collected through structured interviews conducted in participants’ homes, physical examinations and laboratory tests performed at mobile examination centers, utilizing a multistage probability sampling design. All NHANES protocols were approved by the Ethical Review Board of the National Center for Health Statistics at the CDC, with written informed consent obtained from all survey participants (24). Since this study was based on anonymized publicly available deidentified data and informed consent was waived, ethical approval and consent were not required, so the Ethics Review Committee of the Second People’s Hospital of Banan District exempted the study.

For this study, 10 NHANES cycles from 1999 to 2018 were selected for further analysis. The presence of COPD was determined based on responses to the health questionnaire regarding disease status (25–27). Participants completed three self-administered questionnaires to verify their disease status: “Has a doctor or other health professional ever told you that you have chronic bronchitis?,” “Has a doctor or other health professional ever told you that you have emphysema?,” and “Has a doctor or other health professional ever told you that you have COPD?.” Participants who answered “yes” to any of these questions were placed in the COPD group (n = 4,194). After excluding participants who self-reported as pregnant (n = 60), those with missing dietary intake information (n = 455), and those without follow-up data (n = 5), a total of 3,674 COPD participants were included in the final analysis (Figure 1).
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FIGURE 1
 Flow diagram of the screening and enrollment of study participants.




Exposure variables

In the NHANES dietary survey, participants reported their food consumption over a 24-h period, specifying both the items consumed and their quantities. Dietary intake data from 1999 to 2001 was collected using the NHANES Computer-Assisted Dietary Interview (CADI) system. From 2002 onwards, the United States Department of Agriculture began employing the Automated Multiple-Pass Method (AMPM) to gather dietary consumption data. This fully computerized recall system comprehensively incorporates standardized questions and potential responses specific to various food items. Utilizing both CADI and AMPM, precise nutritional values were calculated based on each individual’s consumption of foods and beverages (28). With the exception of participants from the 1999–2000 and 2001–2002 cycles, all participants underwent two dietary recall interviews: an initial face-to-face session, followed by a telephone interview conducted within 3 to 10 days. Dietary niacin intake was derived from 24-h recall data, using an average value for participants with 2 days of data, following previous methods, and a single value for the minority of participants with 1 day of data (29). Following which, participants were categorized into tertiles based on their dietary niacin intake.



Outcome ascertainment

All-cause mortality was determined using records from the National Death Index (NDI) up until December 31, 2019, and these records were linked to the NHANES dataset. Cause-specific mortality was identified using the International Classification of Diseases, 10th Revision (ICD-10) codes. All-cause mortality, defined as death from any cause, was the primary endpoint of this investigation. Cardiovascular disease (CVD) mortality was defined using ICD-10 codes I00-I09, I11, I13, I20-I51, and I60-I69 (30).



Covariates

The standardized questionnaire obtained information regarding sex, age, race/ethnicity, marital status, education level, family income, physical activity, smoking status, drinking status, body mass index (BMI), energy consumption, dietary supplement usage, and the presence of hypertension and diabetes. Educational levels were classified into three categories: < 9 years, 9–12 years, and ≥ 12 years of schooling. In line with the recommendations of a US government report, family income was stratified into three groups based on the Poverty Income Ratio (PIR): low (≤ 1.3), middle (> 1.3 to ≤ 3.5), and high (> 3.5) (31). Individuals who have never engaged in smoking behavior are categorized as those who have smoked fewer than 100 cigarettes in their lifetime. Among those who have smoked more than 100 cigarettes, a distinction is made based on their present smoking practices: those who are still smoking are considered to be currently engaging in smoking behavior, whereas those who have smoked more than 100 cigarettes in the past but have quit are identified as having previously engaged in smoking behavior. Participants who reported consuming at least 12 alcoholic beverages of any kind within a year were categorized as individuals who regularly consume alcohol. Physical activity was classified as sedentary (no leisure-time physical activity), moderate (at least 10 min of activity in the past 30 days that caused only light sweating or a slight to moderate increase in breathing or heart rate), or vigorous (at least 10 min of activity in the past 30 days that caused heavy sweating or an increase in breathing or heart rate). BMI was calculated using the standard formula: weight (kg) divided by the square of height (m). Dietary supplement use was determined based on questions about consumption of nutritional supplements and medications in the past month. In the dietary intake data section, energy intake was determined using data collected via two 24-h dietary recalls. The history of hypertension or diabetes was self-reported by participants, with confirmation relying on diagnoses made by medical professionals.



Statistical analysis

A secondary analysis was conducted on publicly available datasets. Categorical variables were represented as proportions (%) and analyzed using Chi-square tests. For continuous variables exhibiting a normal distribution, the mean ± standard deviation was employed for representation, and One-Way ANOVA tests were conducted for statistical analysis. In cases where continuous variables did not follow a normal distribution, the median and interquartile range were utilized for descriptive purposes, and the Kruskal-Wallis test was applied for comparative analysis.

To maximize statistical efficiency and minimize bias, multiple imputations were performed for missing data. For the visualization of survival analysis, Kaplan–Meier curves were generated, and differences between survival curves were tested using the log-rank test. The Cox proportional hazards model was employed to assess the hazard ratios (HRs) and 95% confidence intervals (CIs) for the association between dietary niacin intake and all-cause and CVD mortality. In this investigation, a series of three models were progressively constructed to account for various confounding factors: Model 1 served as the baseline unadjusted model; Model 2 introduced adjustments for age, sex, and race/ethnicity; Model 3 further controlled for marital status, education level, PIR, physical activity, smoking status, drinking status, BMI, energy consumption, dietary supplements taken, hypertension, and diabetes. The linear trend was performed by entering the median value of each tertiles as a continuous variable in the models.

Additionally, subgroup analyses and interaction analyses were conducted to explore the relationship between dietary niacin intake and all-cause and CVD mortality, aiming to determine the consistency of results across various subgroups. The subgroups were defined based on sex (male, female), age (< 60 years, ≥ 60 years), education level (≤ 12 years, > 12 years), PIR (low, medium or high), and BMI (< 25 kg/m2, ≥ 25 kg/m2).

Several sensitivity analyses were performed to assess the durability of the study’s findings. Initially, to mitigate the risk of reverse causality bias, we excluded participants who passed away within the initial 2 years of follow-up (n = 229), leaving 3,445 subjects for analysis. Secondly, all missing covariate data were directly deleted to ensure data integrity and accuracy (n = 517). Lastly, as a supplementary investigation, the correlation between dietary niacin intake, encompassing intake from supplements, and both all-cause and CVD mortality was explored. Due to the absence of detailed dietary supplement intake information in cycles from 1999 to 2006, data from these cycles were excluded, focusing solely on data from 2007 to 2018 which encompassed dietary supplement intake details. Subsequently, calculations determined the total niacin intake, inclusive of both dietary and supplement sources.

All statistical analyses were performed using R Statistical Software (Version 4.2.2, The R Foundation)1 and Free Statistics analysis platform (Version 1.9, Beijing, China).2 Statistical significance was defined as a two-sided p value < 0.05.




Results


Characteristics of the participants

A total of 3,674 individuals were enrolled in the study, with a mean age of 57.9 ± 16.6 years. Of these participants, 42.3% were male, and 57.7% were female. The participants were categorized into tertiles based on their dietary niacin intake: T1 (< 16.2 mg/day), T2 (16.2–24.3 mg/day), and T3 (> 24.3 mg/day). Table 1 presents the baseline characteristics stratified by tertiles of dietary niacin intake. Participants with higher dietary niacin intake tended to be younger, more frequently male, Non-Hispanic White, married or cohabiting with a partner. They often exhibited lower levels of physical activity, a higher likelihood of smoking and alcohol consumption, and tended to have higher household incomes and educational attainment. Moreover, they appeared to have a reduced prevalence of diabetes and hypertension, and reported more frequent use of dietary supplements.



TABLE 1 Population characteristics by categories of dietary niacin intake.
[image: Table showing characteristics of a study population divided into tertiles based on dietary niacin intake (T1: <16.2 mg/day, T2: 16.2–24.3 mg/day, T3: >24.3 mg/day). It includes data on demographics, education, marital status, family income, physical activity, smoking, drinking, health conditions, dietary supplements, and energy consumption. Significant differences between tertiles are indicated with p-values, showing trends across categories such as age, sex, race/ethnicity, education level, and more.]



Association of dietary niacin intake with all-cause and CVD mortality

During an average follow-up of 8.3 years, a total of 1,085 all-cause deaths were observed, including 323 CVD-related deaths. To investigate the independent impact of dietary niacin intake on all-cause and CVD mortality among individuals with COPD, this study constructed three models. Multivariate adjustments included sex, age, race/ethnicity, marital status, PIR, education level, physical activity, smoking status, drinking status, BMI, energy consumption, dietary supplement use, hypertension and diabetes. After multivariable adjustment, higher dietary niacin intake was associated with reduced mortality risks in COPD patients (Table 2). Considering niacin intake as a continuous variable, each 10 mg/day increment correlated with a 12% decrease in all-cause mortality risk (HR: 0.88, 95% CI: 0.81–0.96, p = 0.004) and a 13% decrease in CVD mortality risk (HR: 0.87, 95% CI: 0.74–1.02, p = 0.091). Compared to the lowest tertile of niacin intake (reference HR 1.00), the second and third tertiles showed HRs of 0.79 (95% CI: 0.68–0.92, p = 0.003) and 0.67 (95% CI: 0.56–0.82, p < 0.001) for all-cause mortality, respectively (p for trend < 0.001). For CVD mortality, the corresponding HRs were 0.72 (95% CI: 0.55–0.95, p = 0.019) and 0.53 (95% CI: 0.37–0.77, p = 0.001; p for trend = 0.001). Kaplan–Meier survival curve analysis further confirmed the association, demonstrating lower all-cause and CVD mortality rates among participants in the highest tertile of dietary niacin intake compared to those in the lowest tertile (p < 0.001; Figure 2).



TABLE 2 Dietary niacin intake association with all-cause and CVD mortality among individuals with COPD.
[image: Table showing the relationship between dietary niacin intake and mortality rates (all-cause and cardiovascular disease mortality) across three models. Niacin is categorized into three tertiles: T1 (<16.2 mg/day), T2 (16.2–24.3 mg/day), and T3 (>24.3 mg/day). Hazard ratios (HR) and p-values are provided for each model. Model 1 is unadjusted, Model 2 adjusts for age, sex, race, and ethnicity, and Model 3 further adjusts for additional factors like marital status, education, income, and lifestyle variables. Significant results are typically seen at higher intakes for reduced risk.]
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FIGURE 2
 Kaplan–Meier survival curves for all-cause and CVD mortality of COPD individuals.




Subgroup analyses and sensitivity analyses

Stratified analyses, categorized by sex, age, education level, PIR, and BMI, consistently demonstrated an association between dietary niacin intake and both all-cause and CVD mortality (Figure 3). There were no significant interactions (p for interaction > 0.05).

[image: Forest plot comparing all-cause mortality and cardiovascular disease (CVD) mortality across various subgroups: overall, sex, age, education level, poverty income ratio (PIR), and body mass index (BMI). Each subgroup shows hazard ratios (HR) with confidence intervals (CI) for two groups, T2 and T3, versus a reference. Significant p-values for interaction between subgroups and mortality outcomes are noted, emphasizing different effects across categories.]

FIGURE 3
 Forest plot of multivariable logistics analysis between dietary niacin intake and mortality among patients with COPD. Each square represents the HR with its 95% CI for a specific comparison or subgroup. The top of the plot represents the overall summary estimate. Adjusted for age, sex, race/ethnicity, marital status, education level, family income, physical activity, smoking status, drinking status, body mass index, energy consumption, dietary supplements taken, hypertension and diabetes. Note: dietary niacin intake tertiles (mg/day): T1 (reference, < 16.2); T2 (16.2–24.3); T3 (> 24.3).


Sensitivity analyses excluding individuals who died within the first 2 years of follow-up revealed that the inverse associations between dietary niacin intake and both all-cause and CVD mortality remained essentially unchanged (Supplementary Table S1). These findings held true even after excluding observations with missing covariates (Supplementary Table S2). After incorporating dietary niacin supplement intake, a significant inverse association was found between total niacin intake (from both food and supplements) and all-cause and CVD mortality (Supplementary Table S3).




Discussion

To the best of current knowledge, this is the first prospective study exploring the relationship between dietary niacin intake and all-cause and CVD mortality among individuals with COPD. The study reveals that higher dietary niacin intake is associated with a reduced risk of all-cause and CVD mortality. This association is independent of traditional risk factors, including dietary and lifestyle factors, as well as comorbidities. Various stratified analyses and sensitivity analyses demonstrate the robustness of the results.

Niacin possesses various crucial biological functions, among which its antioxidant properties are particularly significant for human health (32). However, the association between niacin and mortality risk has been inconsistent across different populations. Previous studies have found that niacin can significantly reduce coronary events and overall mortality (13, 14, 33). Nevertheless, some research has also suggested that niacin therapy offers limited benefits in preventing cardiovascular events (15, 16), and sole supplementation with niacin may increase all-cause mortality (17, 34). In a prospective cohort of 660 stable renal transplant recipients, a lower niacin status was associated with a higher risk of all-cause premature death (35). An American study involving 3,504 cancer patients indicated a negative correlation between niacin intake and mortality outcomes among cancer patients (36). This correlation persisted across various subgroups, including sex, age, and BMI. Another cohort study, encompassing 4,315 participants with nonalcoholic fatty liver disease (NAFLD), revealed that higher dietary niacin intake might be associated with a lower risk of all-cause mortality in NAFLD patients, although no significant negative correlation was observed with CVD mortality (37).

In the field of COPD research, the role of niacin has garnered attention. A nutritional epidemiological study involving 2,337 American smokers found a significant association between niacin and FEV1, suggesting that niacin may contribute to improving lung function (21). Another study, encompassing 7,055 American adults, revealed a negative correlation between dietary niacin intake and the incidence of chronic obstructive pulmonary disease (22). Similar conclusions were drawn by Shi, Yushan et al. in a study of 7,170 middle-aged and elderly individuals (38). A cross-sectional study conducted in Korea, involving 22,948 participants, discovered a significant association between niacin intake and reduced COPD severity among elderly men (aged ≥ 60) (23). Furthermore, a study of 7,615 Korean women indicated a negative correlation between lower niacin content in refined diets and predicted forced vital capacity levels (FVC) and FEV1 (39). These findings suggest that niacin may have some positive impact on lung function.

Patients with COPD not only suffer from declined lung function but also frequently suffer from systemic inflammation and vascular dysfunction (5), which accelerate atherosclerosis and increase the risk of cardiovascular events such as myocardial infarction and stroke (6). Smoking habits and low oxygen levels in COPD patients impose an additional burden on the heart, potentially promoting heart failure (40). Studies indicate that some COPD patients exhibit altered cardiac repolarization, potentially increasing the risk of arrhythmias and sudden cardiac death (41). Additionally, acute exacerbations of COPD (AECOPD) are a major cause of hospitalization and mortality in these patients (42).

Through a large-scale, long-term follow-up multi-ethnic cohort study, we found a negative correlation between dietary niacin intake and all-cause and CVD mortality among COPD patients. This association may be attributed to the various biological activities of niacin. The lungs of COPD patients suffer from chronic inflammation and oxidative stress damage over the long term, which are significant factors contributing to decreased lung function and disease progression (43, 44). Niacin, as an effective antioxidant, plays a crucial role in maintaining mitochondrial function (32). A lack of niacin in the diet may affect the oxidative phosphorylation process, thereby disrupting mitochondrial respiration (11). Animal experiments have shown that high doses of niacin significantly reduce lung inflammation, decrease the production of proinflammatory cytokines, and alleviate lung tissue damage by regulating the NF-κB signaling pathway (45). Furthermore, niacin plays a crucial role in regulating the production and release of inflammatory mediators. Niacin may modulate the production and release of inflammatory mediators, reducing lung inflammation and improving respiratory function and overall health status (46). In COPD patients, systemic and pulmonary inflammation are significant contributors to disease progression and increased CVD risk. Through its anti-inflammatory effects, niacin may help alleviate pulmonary inflammatory responses and decrease systemic inflammation levels, thereby reducing the risk of CVD. Additionally, niacin regulates the function of vascular endothelial cells, promoting the synthesis and release of nitric oxide, which improves endothelial function and mitigates vascular aging (47). Vascular dysfunction is a key factor that accelerates the development of atherosclerosis in COPD patients (48). By enhancing vascular endothelial function, niacin may help reduce vascular damage and lower the risk of CVD. As nicotinamide adenine dinucleotide (NAD), niacin participates in various adenosine diphosphate (ADP)-ribosylation reactions, influencing immune system stability (49). Immune dysfunction is a major contributor to disease progression and increased CVD risk in COPD patients (50). Moreover, chronic inflammation and oxidative stress can lead to DNA damage in COPD patients (51). In this regard, NAD plays a key role in the DNA repair mechanism. Substantial evidence suggests that NAD is involved in the repair of DNA damage through the base excision repair pathway, which is crucial for maintaining genomic stability and normal cellular function (52). This reduces cellular apoptosis and necrosis, lowering the risk of CVD. However, further research is needed to confirm these findings and explore the potential mechanisms underlying niacin’s beneficial effects in COPD patients.

This long-term follow-up prospective cohort study offers significant advantages. Primarily, it is the first to evaluate the relationship between dietary niacin intake and both all-cause and CVD mortality in a sample of adult individuals with COPD in the United States. Furthermore, the meticulous adjustment for various potential confounding factors, such as diet, lifestyle, and comorbidities, ensures the reliability and validity of the findings. However, the study also has its limitations. Firstly, due to its observational nature, it cannot definitively establish a causal link between dietary niacin intake and mortality rates; it can only identify associations. Secondly, the use of 24-h dietary recall questionnaires as the primary assessment tool may not fully capture the dynamic fluctuations in niacin intake over time, thereby limiting the ability to assess time-varying associations. Additionally, the NHANES database lacked consistent and comprehensive information on breastfeeding status among female participants. Given that the recommended dietary allowance for niacin differs between breastfeeding and non-breastfeeding women, the failure to account for this could introduce bias into our results. Finally, and most importantly in the context of this study, the lack of detailed data on the severity of COPD is a substantial constraint. As the NHANES database did not provide FEV1 predicted% data, we were unable to stratify our analysis according to COPD severity stages as recommended by the GOLD guidelines. This lack of stratification restricts a deeper understanding of the potential differential effects of dietary niacin intake on mortality across different stages of COPD progression. It also limits our ability to draw more precise conclusions about the role of niacin in the context of varying disease severities. Future research is strongly encouraged to address these limitations. Specifically, studies should aim to collect more comprehensive and longitudinal dietary data to better capture the time-varying nature of niacin intake. Moreover, future investigations should prioritize the inclusion of detailed COPD severity data, such as FEV1 predicted%, to enable a more nuanced analysis of the relationship between dietary niacin intake and disease progression, as well as mortality. This will ultimately contribute to the formulation of more accurate and personalized nutritional guidelines for COPD patients.



Conclusion

We observed that a higher dietary intake of niacin was associated with lower all-cause and CVD mortality among individuals with COPD. These findings suggest that optimizing niacin intake may have beneficial effects on COPD outcomes and patient safety. However, since our analysis did not account for COPD severity, these results should be interpreted cautiously as preliminary assumptions. Further studies incorporating disease severity assessment are required to confirm and expand upon these findings.
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Background: Asthma poses a significant global health challenge, representing a chronic respiratory disorder marked by airway inflammation. The advanced lung cancer inflammation index (ALI) served as a comprehensive index to assess inflammation. However, few studies have investigated the association between ALI and both all-cause and cardiovascular mortality in US patients with asthma.
Methods: We used data from the National Health and Nutrition Examination Survey (NHANES) to explore the association of ALI with all-cause and cardiovascular mortality in US patients with asthma. This study used Kaplan–Meier curves to examine the ALI index's impact on asthma patients' survival. We applied weighted Cox models and restricted cubic splines (RCS) analysis to assess the ALI-mortality link, identifying non-linear thresholds with a recursive algorithm. Subgroup analyses and sensitivity analyses were conducted, excluding those with missing covariates and cancer patients.
Results: A total of 6,211 asthma patients were enrolled and categorized into three groups based on ALI tertiles. The risk of all-cause mortality decreased as ALI increased in the fully adjusted multivariate Cox regression analysis; the hazard ratio (HR) is 0.95 (95% CI: 0.91–0.99, P = 0.01). Compared with the lowest ALI group, T1, the fully adjusted HR values for ALI and all-cause mortality in T2, T3 were 0.68 (95% CI: 0.55–0.85, P < 0.001), 0.53 (95% CI: 0.41–0.68, P < 0.001). The risk of cardiovascular mortality was also lower in the groups of T2 (HR: 0.84, 95% CI: 0.55–1.28) and T3 (HR: 0.47, 95% CI: 0.31–0.71, P for trend < 0.001), respectively. In addition, the results of the subgroup analyses were robust.
Conclusions: This cohort study demonstrated the higher accuracy of ALI in predicting mortality in asthma patients, highlighting its important clinical value of ALI in risk assessment and prognosis evaluation.
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Introduction

Asthma is one of the most common chronic non-communicable diseases worldwide, affecting around 300 million individuals globally (1). Recent studies estimate that about 10% of children and teens have asthma symptoms worldwide, while the rate in adults is 6%−7% (2–4). Despite considerable advancements in asthma management, the disease continues to be a significant contributor to global mortality and disability, significantly impacting both all-cause and cardiovascular disease (CVD)-related deaths (5, 6). Consequently, asthma is a major global health issue, with researchers actively seeking to improve outcomes by addressing its risk factors, aiming for better disease management and patient prognosis.

Asthma is a chronic respiratory condition characterized by airway inflammation and hyperreactivity (7). The etiology and pathological progression of asthma were complex, with studies indicating that inflammation was involved in the occurrence and development of asthma (8–10). Higher inflammation levels are linked to the severity of asthma and imply a higher risk of mortality (11). In the early stages of asthma exacerbations, neutrophils play a crucial role by releasing various proinflammatory mediators, thereby contributing to airway inflammation (12). Sustained inflammation, driven by factors such as TNF and CRP, can lead to insulin resistance, which may cause weight loss and lower albumin levels (13, 14). Factors such as malnutrition and inflammation are all associated with hypoalbuminemia and adverse outcomes in various diseases (15). Furthermore, some research supported the notion that dietary practices and nutritional status can impact the incidence and prognosis of asthma (16, 17). Thus, relying on inflammation markers to predict asthma outcomes may miss important details. New indicators are clearly needed to provide a more complete picture of asthma patients' prognoses.

The advanced lung cancer inflammation index (ALI), which integrates body weight, albumin levels, and the neutrophil-to-lymphocyte ratio (NLR), was initially designed to gauge systemic inflammation in cancer patients (18–20). Additionally, the use of the ALI has been broadened to encompass several chronic conditions linked to nutritional imbalances and inflammatory processes (21–24). This extension highlights the versatility of the ALI in assessing inflammation across a range of health issues beyond cancer, potentially offering a valuable tool for monitoring and managing these chronic diseases. Since asthma is thought to be associated with inflammation (8), our study employed ALI to assess inflammation levels in asthma individuals and to explore its relationship with all-cause and cardiovascular disease (CVD) mortality in this group.

The primary objective of this research was to explore the possible connection between ALI and mortality rates, including all-cause and cardiovascular deaths, in individuals who have asthma. This investigation aims to provide a fresh viewpoint and significant understanding regarding the prognosis and risk assessment of individuals with asthma.



Materials and methods


Study population

NHANES, a cross-sectional survey by the National Center for Health Statistics (NCHS), employs a stratified multistage random sampling design (25, 26). The survey comprises a household interview and a medical examination at a mobile examination center (MEC). This retrospective analysis utilized NHANES data from 1999 to 2018, focusing on 7,293 asthma patients aged ≥20 years, 876 individuals were excluded due to incomplete data on albumin, lymphocytes, neutrophils, or BMI, leaving 6,417 participants with complete exposure and outcome data. Subsequent exclusions comprised 206 individuals, including 195 pregnant women and 11 with ineligible follow-up data, resulting in a final study population of 6,211 participants (Figure 1).


[image: Flowchart showing participant selection for a study. Starting with 7,293 asthma patients aged 20 years and older. 876 were excluded due to lack of data on albumin, lymphocytes, neutrophils, and BMI, leaving 6,417. Of these, 206 were further excluded: 195 pregnant women and 11 with ineligible follow-up data, resulting in a final population of 6,211.]
FIGURE 1
 Inclusion and exclusion process for the final analysis was based on the 1999–2018 National Health and Nutrition.




Determination of ALI

ALI consists of albumin, BMI, and NLR, defined as albumin*BMI/NLR (neutrophil counts divided by lymphocyte counts). The Beckman Coulter MAXM instrument measured blood cell counts, and the DCX800 method measured albumin concentration. Based on the tertiles of ALI, patients with asthma were categorized into three groups: T1, T2, and T3.



Mortality

Mortality data were obtained by linking the cohort database to the National Death Index as of December 31, 2019. All-cause mortality was determined to be death from any cause. Based on the International Statistical Classification of Diseases 10th Edition, CVD mortality includes the following disease codes: I00-I09 (acute rheumatic fever and chronic rheumatic heart diseases), I11 (hypertensive heart disease), I13 (hypertensive heart and renal disease), I20-I25 (ischemic heart diseases), I26-I28 (pulmonary embolism and other acute pulmonary heart diseases), I29 (various cardiovascular diseases caused by different reasons), I30-I51 (other forms of heart disease), and I60-I69 (cerebrovascular diseases).



Definition of asthma

According to the NHANES questionnaire, patients who were told by a doctor that they had asthma and answered “yes” to the question, “Have you been told by a doctor that you have asthma?” were considered asthmatic (27, 28).



Assessment of covariables

The study controlled for potential confounders including age, sex, race, education level, and family income to poverty ratio (PIR; < 1.3, 1.3–3.5, ≥3.5), BMI (<25, 25–30, ≥30), smoking status, diabetes, hypertension, and cardiovascular disease (CVD). Race was categorized as non-Hispanic White, Black, Mexican American, Other Hispanic, and Other. Education levels were classified into fewer than 9 years, 9–12 years, and more than 12 years. Smoking status was classified as never, former, and current smokers. Diabetes was diagnosed based on a medical diagnosis, HbA1c >6.5%, fasting glucose ≥7.0 mmol/L, random/2-h oral glucose tolerance test ≥11.1 mmol/L, or the use of diabetes medication/insulin. Hypertension was defined by self-report, average systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg, or the use of antihypertensive medication (29). Physical activity (PA) was quantified as the weekly time spent on activities such as walking, biking, household chores, work-related tasks, and recreational pursuits; individuals who did not exercise were recorded as zero. A reported history of heart failure, coronary heart disease, angina, myocardial infarction, or stroke identified CVD. Inhaled corticosteroid use was extracted from prescription records.



Statistical analyses

Our study incorporated the MEC weights in compliance with the NHANES analysis guidelines, which provide instructions on employing survey sample weights (30). We calculated sampling weights period-specifically. From 1999 to 2002, a factor of 2/10 was applied to the 4-year MEC weight; from 2003 to 2018, a factor of 1/10 was used for the 2-year MEC weight. The National Death Index, updated every 4 years, provided the latest follow-up data through December 31, 2019. Follow-up for each participant spanned from their MEC examination date to the date of death or the end of follow-up on December 31, 2019. Given minimal missing data (0%−8%) across variables, we employed a multivariable single imputation method using Bayesian Ridge regression for iterative imputation of missing values, aligning with the methodology recommended by van Buuren and Groothuis–Oudshoorn in 2011. This approach ensures statistically robust handling of missing data, complying with current field standards.

Statistical analyses followed NHANES guidelines, including sample weights and stratification. Continuous variables were expressed as mean ± SD for normally distributed data and median (IQR) for non-normally distributed data. Analysis of variance (ANOVA) assessed baseline differences in continuous variables, and chi-square tests assessed categorical variables expressed as counts (percentages).

Kaplan–Meier analyses explored the association between ALI and all-cause mortality and CVD mortality in patients with asthma. Multivariate Cox regression was used to analyze the effect of a 10-unit increase in ALI on mortality, thus accurately quantifying the prognostic impact of ALI on asthma. Multivariate Cox regression analyses adjusted for covariates explored the effect of ALI on mortality. Results were expressed as HR (95% CI). Three models were used: Model 1 (unadjusted), Model 2 (adjusted for demographic and lifestyle factors), and Model 3 (further adjusted for clinical conditions). The analyses used the weights recommended by NHANES.

We assessed the non-linear relationship between ALI and mortality using restricted cubic spline (RCS) analysis and multivariate cox models. A recursive algorithm identified the inflection point of the non-linear relationship, and a segmented cox model assessed the threshold effect. To enhance the robustness of the study, we performed stratified analyses of potential interactions between ALI and variables such as age, sex, BMI, diabetes, and inhaled corticosteroid use. To validate the robustness of our findings, we conducted a comprehensive sensitivity analysis. Initially, we excluded participants with missing covariate data, followed by the removal of individuals with a cancer diagnosis. Subsequently, we employed a multivariate cox proportional hazards model and RCS analysis to explore the association between ALI and mortality outcomes. We also applied the E-value method by VanderWeele and Ding (31) to evaluate the robustness of our findings against unmeasured confounding. To evaluate the predictive performance of ALI and NLR for all-cause and CVD mortality in asthma patients, receiver operating characteristic (ROC) curve analyses were conducted. All analyses were performed using R Statistical Software (Version 4.2.2, https://www.R-project.org, The R Foundation) and Free Statistics analysis platform (Version 2.0, Beijing, China).




Results


Baseline characteristics

In our study of asthma patients, the cohort included 6,211 participants with a weighted total of 27,739,218 individuals. According to the tertiles of ALI, the patients were divided into three groups: T1 group (n = 2,070), T2 group (n = 2,070), and T3 group (n = 2,071). The overall mean age was 45.32 years, and there was a notable difference in age across groups (P < 0.001). The majority of participants were female (58.43%) and Non-Hispanic White (70.63%), with significant racial distribution differences across three groups (P < 0.001). Family income, education level, smoking status, physical activity, and BMI also showed significant variations (P < 0.05 for all; Table 1). The essential characteristics of excluded and included participants are presented in Supplementary Table S1.


TABLE 1 The demographic characteristics of participants (Weighted).

[image: A detailed table presents demographic and health characteristics across three groups (T1, T2, T3) with a total sample size of 6,211. Variables include ALI, age, sex, race, poverty income ratio, education level, smoking status, physical activity, BMI, cardiovascular disease, diabetes, hypertension, and inhaled corticosteroid use. Statistical significance is indicated for several variables with P-values. Data is represented in means, medians, and percentages, highlighting variations among groups.]



Kaplan–Meier analysis

Among the 6,211 participants, a total of 865 all-cause deaths and 259 CVD deaths were documented. Kaplan–Meier analysis was utilized to preliminary evaluate the association between ALI and all-cause and CVD mortality in asthma patients. Figure 2 illustrates that higher ALI is associated with decreased all-cause and CVD mortality in asthma patients (P < 0.001).


[image: Two Kaplan-Meier survival plots labeled A and B show survival probability over time in months for four groups: AU, T1, T2, and T3. Group AU has the highest survival probability, and T3 the lowest. Shaded areas indicate confidence intervals. Both plots display a significant difference, marked as p < 0.0001.]
FIGURE 2
 Kaplan–Meier survival curves of ALI impact on long-term all-cause (A) and CVD (B) mortality in patients with asthma. (A) and (B) show Kaplan–Meier survival curves for ALI patients stratified by severity (T1, T2, and T3), depicting associations with all-cause (A) and CVD-specific mortality (B). Shaded areas indicate 95% confidence intervals, and log-rank tests (P < 0.0001) confirm significant survival differences across ALI stages, underscoring its prognostic value. ALI, advanced lung cancer inflammation index; CVD, cardiovascular disease; T1, tertiles 1; T2, tertiles 2; T3, tertiles 3.




Multivariate cox analysis

Table 2 from our study presents the outcomes of three Cox proportional hazards models, with Model 3 being the most adjusted and, thus providing the most reliable estimates by accounting for a broader range of potential confounders. Model 3 results underscore the critical finding of our study: a higher ALI is inversely associated with mortality risk in asthmatic patients from the NHANES 1999–2018 cohort. Model 3 indicated that for each 10-unit increase in ALI, there was a significant decrease in the risk of all-cause mortality, with a hazard ratio (HR) of 0.95 (95% CI: 0.91–0.99; P = 0.01). When compared to the lowest ALI group (T1), the middle (T2), and highest (T3) groups exhibited progressively lower risks of all-cause mortality, with HRs of 0.68 (95% CI: 0.55–0.85; P < 0.001) and 0.53 (95% CI: 0.41–0.68; P < 0.001), respectively (P for trend < 0.001). A similar trend was observed for CVD mortality. Model 3 indicated that for each 10-unit increase in ALI, there was a significant decrease in the risk of CVD mortality, with a hazard ratio (HR) of 0.90 (95% CI: 0.85–0.96; P < 0.001). When compared to the lowest ALI group (T1), the middle (T2), and highest (T3) groups exhibited progressively lower risks of CVD mortality, with HRs of 0.84 (95% CI: 0.55–1.28; P = 0.428) and 0.47 (95% CI: 0.31–0.71; P < 0.001), respectively (P for trend < 0.001).


TABLE 2 Association of ALI with all-cause and CVD mortality in asthma patients in the NHANES 1999–2018 cohort.

[image: Table displaying hazard ratios (HR) and confidence intervals (CI) for all-cause and cardiovascular disease (CVD) mortality, related to the advanced lung cancer inflammation index (ALI). Three models are presented: Model 1 (unadjusted), Model 2 (adjusted for demographic factors), and Model 3 (further adjustments). Mortality rates and HRs across different ALI tertiles are shown with corresponding P-values and trends for each model.]



Non-linear relationships

Our study used weighted RCS analysis to explore the relationship between ALI and mortality in asthmatic patients (Figure 3). Figure 3A depicts the dose-response association between ALI and all-cause mortality across three progressively adjusted models. All models revealed significant non-linearity (P for non-linearity <0.001), with a consistent L-shaped pattern. In contrast, Figure 3B demonstrates a linear association between ALI and CVD mortality (P for non-linearity >0.05). For all-cause mortality, a pivotal threshold was identified at ~56.29 units of ALI. Below this threshold, a significant inverse association was observed between ALI and all-cause mortality (HR = 0.81, 95% CI: 0.74–0.89, P < 0.001 in Model 3). Conversely, no significant association was detected for ALI values ≥56.29 (HR = 1.00, 95% CI: 0.98–1.03, P = 0.9 in Model 3). These results remained consistent across all three models, underscoring the robustness of the observed relationship (Table 3).


[image: Six line graphs display hazard ratios versus PM2.5 levels for three models in two panels, A and B. Each model shows a declining trend with varying confidence intervals represented by shaded areas in blue, red, and green. Significant statistical annotations are provided for each model's linear and spline terms.]
FIGURE 3
 The association between the ALI and all-cause (A) and CVD (B) mortality in patients with asthma. Model 1 was unadjusted; Model 2 adjusted for age, sex, race, PIR, education level, and physical activity; Model 3 further adjusted for smoking status, BMI, CVD, diabetes, hypertension, and inhaled corticosteroid use. Notably, 99% of the data are displayed in the figure. The solid line depicts the estimated values, accompanied by shaded ribbons representing the 95% confidence intervals. The horizontal dotted line indicates an odds ratio of 1.0, serving as the reference line. Furthermore, the red vertical dotted line signifies the ALI threshold value of 56.29, while the black vertical dotted line marks the reference point, set at an ALI value of 63.48. ALI, advanced lung cancer inflammation index; CVD, cardiovascular disease; PIR, poverty income ratio; BMI, body mass index.



TABLE 3 Association of ALI with all-cause mortality in patients with asthma using two-piecewise regression models.

[image: Table comparing all-cause mortality for advanced lung cancer inflammation index (ALI) per 10 unit increment across three models. For ALI <56.29: Model 1 shows HR 0.65, p-value <0.001; Model 2 shows HR 0.81, p-value <0.001; Model 3 shows HR 0.81, p-value <0.001. For ALI ≥56.29: Model 1 shows HR 1.01, p-value 0.22; Model 2 shows HR 1.01, p-value 0.51; Model 3 shows HR 1.00, p-value 0.9. Abbreviations and models are detailed below the table.]



Stratified analyses

Figure 4 delineates the stratified associations of ALI with all-cause (Panel A) and CVD mortality (Panel B) across various subgroups, accounting for numerous confounders. In all-cause mortality, ALI showed significant protective effects among females (HR: 0.92, 95% CI: 0.88–0.97), those with BMI ≥30 kg/m2 (HR: 0.94, 95% CI: 0.90–0.98), and users of inhaled corticosteroids (HR: 0.90, 95% CI: 0.84–0.96). For CVD mortality, significant risk reductions were noted in individuals under 60 years (HR: 0.88, 95% CI: 0.79–0.97), males (HR: 0.90, 95% CI: 0.83–0.97), and diabetics (HR: 0.86, 95% CI: 0.79–0.94). No significant interactions were found in subgroups after stratification according to age, BMI, and diabetes. Although the interaction for sex in all-cause mortality was statistically significant (P < 0.05), it may not be clinically meaningful given multiple testing and the consistent direction of the associations.


[image: Forest plot showing the hazard ratios (HR) for different subgroups in two panels, labeled A and B. Each panel includes overall, crude, and adjusted HRs with confidence intervals, divided by variables such as age, sex, BMI, diabetes, and initial corticosteroid treatment. Horizontal lines represent confidence intervals for each HR estimate, with significant p-values for interaction indicated.]
FIGURE 4
 Association between ALI and all-cause (A) and CVD (B) mortality according to general characteristics. Except for the stratification component itself, each stratification factor was adjusted for all other variables (age, sex, race, PIR, education level, physical activity, smoking status, BMI, CVD, diabetes, hypertension, and inhaled corticosteroid). Squares represent the HRs and horizontal lines represent 95% CIs. Diamonds represent the overall HR, and the outer points of the diamonds represent the 95% CI. CVD, cardiovascular disease; PIR, poverty income ratio; BMI, body mass index; CI, confidence interval; HR, hazard ratio.




Sensitivity analysis

Elevated ALI levels were consistently inversely associated with all-cause and CVD mortality across sensitivity analyses. Excluding participants with missing data or cancer, each 10-unit ALI increment reduced all-cause mortality by 6%−7% and CVD mortality by 10%−11%. The highest ALI tertiles (T3) showed the strongest protective effects, with significant reductions in mortality compared to the lowest tertiles (T1). Trend tests confirmed dose-response relationships, highlighting the robustness of these findings (Supplementary Tables S2, S3). Supplementary Figure S1, we performed weighted restricted cubic spline (RCS) regression analyses, excluding participants with missing covariate data or a history of cancer. The fully adjusted model revealed a significant non-linear association (P for non-linearity <0.001), characterized by a consistent L-shaped curve for all-cause mortality. Threshold values for ALI were identified at 55.44 and 54.19, respectively. In contrast, the relationship between ALI and CVD mortality exhibited a linear trend (P for non-linearity >0.05). E-value analyses demonstrate that the observed inverse associations between ALI and mortality are robust to potential unmeasured confounding, particularly for the highest ALI tertile (E-values > 3), suggesting a dose-dependent protective effect unlikely to be fully explained by confounding factors (Supplementary Table S4).

The ROC curve analysis revealed that ALI demonstrated a moderate predictive ability for all-cause mortality, with an AUC of 0.630 (95% CI: 0.608–0.651; P < 0.05). For CVD mortality, the AUC for ALI was 0.619 (95% CI: 0.582–0.656), while NLR yielded a comparable AUC of 0.621 (95% CI: 0.584–0.658). The difference between ALI and NLR in predicting CVD mortality was not statistically significant (P > 0.05). These findings suggest that ALI and NLR exhibit similar discriminative performance for CVD mortality, while ALI shows a statistically significant predictive value for all-cause mortality (Supplementary Figure S2).




Discussion

This cohort study in the United States utilized ALI to evaluate the inflammatory status of asthma patients. The Cox model adjusted for multiple factors demonstrated that a rise in ALI correlated with decreased risk of all-cause mortality and CVD mortality for asthma patients. Furthermore, RCS analyses revealed a non-linear L-shaped relationship between ALI and all-cause mortality (inflection point: 56.29), whereas a linear association was observed between ALI and CVD mortality. This association remained consistent across age groups, BMI categories, DM, and inhaled corticosteroid use. These results suggest that lower levels of inflammation were associated with a lower risk of all-cause death and CVD death in individuals with asthma.

Asthma, characterized by chronic immune inflammation, is recognized for its impact on reducing life expectancy and is associated with an increasing mortality gap compared to the general population (32). Low-grade chronic inflammation may result in atherosclerosis, hypertension, diabetes, and obesity, which are all recognized as risk factors for cardiovascular disease and CVD mortality (11, 13). Asthma development is significantly influenced by inflammation, which is central to the condition (9). In asthma's progression, localized and systemic inflammatory responses are implicated (16, 33). In asthma, monocytes mature into macrophages, playing a vital role in the chronic inflammation characteristic of the disease (34). In the study by Ke et al. (35) it was noted that the inflammatory index NLR is positively associated with the prevalence of asthma; it also significantly correlated with all-cause mortality among asthma patients. The role of NLR indicators in respiratory diseases has aroused intense interest among researchers. Citu et al. (36) has pinpointed elevated NLR as independent predictor of unfavorable outcomes in COVID-19 patients.

Moreover, Fois et al. (37) have also reported higher NLR values in individuals with severe COVID-19. These findings indicate that inflammation adversely affects the prognosis of asthma patients, which is consistent with the results of our research. It is crucial to note that previous studies typically concentrate on single inflammatory markers, potentially failing to provide a complete picture of a patient's inflammatory profile. Beyond inflammation, nutrition is another area of focus. A growing body of evidence suggests a possible link between dietary factors and the development and progression of asthma (17, 38, 39). According to a literature review by Althoff et al. (40), asthma is associated with comorbid obesity, and the interplay among these diseases is not fully understood. Nygaard et al. (16) found inverse associations between the Dietary Approaches to Stop Hypertension scores and reduced general proinflammatory biomarkers, such as cytokines and growth factors, associated with asthma. Moreover, previous studies found a J-shaped or U-shaped relationship between BMI and mortality, with a BMI interval having the lowest mortality rate. Although the specific values may vary in different studies, a positive correlation existed between BMI and mortality after exceeding this threshold (41–43).

The ALI, a composite index that integrates measures of inflammation and nutrition, including BMI, serum albumin, and the neutrophil-to-lymphocyte ratio (NLR), was initially used to assess the mortality risk in lung cancer patients (44, 45). Studies have since applied the ALI to evaluate nutritional status and inflammation in various cancer types and chronic conditions (21, 46), underscoring its prognostic significance. In particular, Jafri et al. (18) demonstrated that ALI increases the survival odds against all-cause mortality in non-small cell carcinoma patients. A heart failure study indicated that higher ALI scores were linked to a lower risk of all-cause mortality and hospital readmission (23). Moreover, a study focusing on rheumatoid arthritis (RA) revealed that elevated ALI is significantly linked to a reduced risk of all-cause and cardiovascular mortality in RA patients (21).

Additionally, evidence indicates that ALI has an independent influence on both all-cause and cardiovascular mortality among hypertensive patients (22). It is significant that these studies consistently portray ALI as a beneficial factor, aligning with our findings. As far as we know, no previous study has investigated the relationship between ALI and mortality rates in asthma patients. Our research tentatively suggests that in asthma patients, an increase in ALI is associated with a reduced risk of all-cause and cardiovascular mortality.

The potential association between elevated ALI and decreased all-cause and cardiovascular mortality in patients with asthma can be analyzed from two aspects. On the one hand, inflammation's role is significant as it is a critical component of asthma and has been shown to contribute to its severity and outcomes (13, 14). Besides, BMI is a recognized risk factor for all-cause and CVD mortality (47–49); it is essential to factor it in when evaluating the connection between ALI and CVD mortality in patients with asthma (38). Our study used curve fitting to delineate the relationship between ALI and mortality, revealing an L-shaped association with a threshold saturation effect. We hypothesize that this may be due to increased BMI leading to more severe adverse outcomes, thereby diminishing the protective effect. Consequently, we controlled for BMI and used RCS to explore potential non-linear associations between ALI and mortality. However, it is essential to note that the relationship between ALI and mortality in asthma patients still requires further investigation, as no study to date has specifically addressed this association.

Our research has multiple strengths. Firstly, the large sample size enhanced our analysis's statistical power and broadened the generalizability of our results to a broader asthma patient population. Secondly, we utilized a range of statistical techniques to reduce the impact of confounding variables on our results, including multivariable cox regression, stratified analysis, and interaction analysis, ensuring our findings' robustness. Thirdly, ALI functioned as a comprehensive indicator, which was straightforward to obtain and calculate, making it highly practical for clinical practice. Lastly, we employed a fitted curve to quantify the relationship between ALI and all-cause and CVD mortality, identifying a critical inflection point.

Nevertheless, our study also has limitations. First, although inhaled corticosteroid use was rigorously adjusted as a covariate in all analyses, NHANES lacks granular data on treatment patterns, precluding stratified analyses to assess their potential modifying effects on the ALI-mortality association. Second, asthma severity and exacerbation history were unavailable in the database, which may introduce unmeasured confounding. Nevertheless, the various sensitivity and subgroup analyses performed confirmed the stability of the findings. Third, ALI was calculated using baseline measurements of albumin, BMI, and NLR. While this approach aligns with prior NHANES-based studies, the lack of serial biomarker data limits our ability to evaluate how dynamic changes in these components might influence ALI's prognostic value over time. Fourth, our cohort comprised US adults with self-reported asthma diagnoses, potentially underrepresenting global populations with diverse genetic, environmental, and healthcare backgrounds. Cross-ethnic and multi-regional validations are needed to confirm ALI's generalizability. Finally, given the observational nature of our study, establishing a definitive causal link between ALI and mortality remains unattainable. This investigation analyzed the link between ALI and mortality in adults from the US by utilizing publicly accessible databases. Future prospective investigations are warranted to further explore this topic.



Conclusions

In conclusion, our study has tentatively established a substantial correlation between higher ALI and a reduced risk of all-cause and CVD mortality in patients with asthma. Our findings indicate that ALI exhibits an L-shaped, non-linear association with all-cause mortality, with critical inflection points at 56.29. Additionally, a linear association was observed between ALI and CVD mortality. These patterns suggest that ALI may have a complex relationship with mortality outcomes, which could have implications for its use as a prognostic tool in this patient population. However, these are early observations and would benefit from further investigation in larger, more diverse cohorts to validate the robustness of these relationships.
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Performance was evaluated for 100 x 10-old cross-validation iterations (1 = 1,000). The highest value for each performance metri across all algorithms is highlighted. Data are shown as
mean + standard deviation. KNN, K-nearest neighbors; SVM, support vector machine; AdaBoost, adaptive boosting; LGBM, light gradient boosting machine; XGBoost, eXreme gradient

boosting. Bold values indicate statistical significance (p < 0.05).
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Performance was evaluated for 100  10-fold cross-validation iterations (n = 1,000). The highest value for each performance metric across all algorithms is highlighted. Data are shown as

mean + standard deviation. KNN, K-nearest neighbors; SVM, support vector machine; AdaBoost, adaptive boosting; LGBM, light gradient boosting machine; XGBoost, eXreme gradient
boosting, Bold values indicate the highest performance value.
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Cluster 0 Cluster 1 Cluster 2 Cluster 3
BMI, kg/m® (Mean + SD) 25.6+5.1 257446 26350 253155
FEMI, kg/m? (Mean + SD) 17.4£2.1 17.0+23 188423 17.9£29
Total weight loss, % (Mean + SD) 37165 36+93 61+86 49+10.1
Reduced Food Intake (True, %) 36.0% 25.5% 35.7% 39.2%
Disease/inflammation (True, %) 27.9% 11.6% 41.0% 25.0%

BMI, body mass index; FEMI, fat-free mass index. Bold values indicate statistical significance (p < 0.05).
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Naples prognostic score P for trend

Group 0 Group 1 Group 2
OR (95%Cl) OR (95%Cl) OR (95%Cl)
All-cause mortality <0.0001
Crude References 139 (1.22-1,59) <0.001 3.22(2:78-3.73) < 00001
Model 1 References 1.22.(1.07-1.39) 0.004 204(1.76-237) < 0,001
Model 2 Reference 117 (1.01-1.35) 0.037 1.68 (1.39-2.02) < 0.001
Hypertension
Crude Reference 167 (038-7.32) 0.494 40.06 (9.97-160.98) < 0.001 <0.0001
Model 1 Reference 1.98 (0.45-8.65) 0.366. 45.46 (11.30-182.85) < 0.001
Model 2 Reference 407 (0.52-31.67) 0.180 67.64 (8:88-515.07) < 0.001

Model 1 adjusted for sex,ethnicit, and age.
Model 2 adjusted for sex, ethnicity, age, PIR, educational background, TC, ALB, neutrophils, lymphocytes, monocytes, and smoking status.
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haracteristics All-cause mortality

No Yes
Age (years) 478751614 6288£1616 <0.001
Sex (Female), % 5,697 (43.88) 831(37.73) <0.001
Ethnicity, % <0.001
Mexican American 1,115 (8.59) 150 (6.79)
Other Hispanic 754 (5.81) 82(3.72)
Non-Hispanic white 8,607 (66.30) 1,610 (73.11)
Non-Hispanic black 1,640 (12.63) 260 (11.81)
Other 866 (6.67) 101 (4.58)
Education level, % <0.001
Below high school 2,673 (20.59) 653 (29.64)
High school 3512 (27.05) 565 (25.65)
Above high school 6,797 (52.36) 985 (44.71)
PIR, % <0.001
<10 11,394 (87.77) 1739 (78.99)
11-30 627 (4.83) 268 (12.15)
>30 961 (7.40) 195 (8.86)
Smoking status, % <0.001
Never 4,946 (38.10) 796 (36.14)
Former 1,129 (8.70) 114 (5.16)
Current 6,906 (53.20) 1,292 (58.70)
NLR 200(152,264] | 223[162.316] <0001
LMR 380(300,480] | 343(250,450]  <0.001
Asthma, % 2133 (1643) 373 (16.95) 063
Bronchitis, % 1,083 (8.34) 279 (12.68) <0.001
Emphysema, % 378 291) 271(1231) <0.001

COPD, % 1,062 (8.18) 429 (19.46) <0.001
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Variables With gout Without gou

n=851
Age, year 46.96 (16.48) 60.05(13.08) 46.41(16.38) <0.001
Sex, male 9,541 (51.18) 646 (73.53) 8895 (50.25) <0001
BMI, kg/m® 290(677) 320 (6.88) 28.9(6.74) <0001
Race <0.001
Mexican American 2,600 (7.66) 52(2.73) 2,548 (7.86)
Other Hispanic 1,783 (4.96) 49 (2.14) 1,734 (5.08)
Non-Hispanic White 8,552 (71.76) 468 (78.04) 8,084 (71.50)
Non-Hispanic Black 3,538 (9.62) 214(11.23) 3,324 (955)
Other races 1,566 (6.00) 68 (5.86) 1,489 (6.00)
Education level, year 0.246
<9 3,989 (14.47) 198 (15.13) 3791 (14.44)
912 4097 (21.62) 227(24.25) 3,870 (21.51)
12 9,953 (6392) 426 (60.62) 9,527 (64.06)
Marital status <0.001
Married or living with a partner 10,842 (64.42) 572(73.65) 10270 (64.04)
‘Widowed/ divorced! separated 3,896 (17.85) 218(19.34) 3,678 (17.79)
Never married 3,301 (17.73) 61(7.00) 3240 (18.17)
Poverty income ratio 3.7 (1.57,5.00) 3.1(1.57,5.00) 3.1(157,5.00) 0852
Physical activity <0.001
Inadequate 10,265 (61.71) 397 (52.54) 9,868 (62.09)
Adequate 7,774 (38.29) 454 (47.46) 7,320 (37.91)
Smoking status <0.001
Never 8942 (51.18) 324 (40.43) 8,618 (51.63)
Former 4919 (27.25) 375 (43.17) 4,544 (26.59)
Current 4178 (21.57) 152 (16.40) 4,026 (21.78)
MDS <0.001
0 4871 (26.26) 88(12.28) 4783 (26.88)
1 8,606 (49.64) 293 (40.00) 8313 (50.04)
2 3,299 (1821) 281(30.42) 3,018 (17.70)
>3 1,263 (5.86) 189(17.30) 1,074 (5.38)
Dietary magnesium intake, mg 2730 (198.0,371.0) 265.0 (186.0, 354.5) 2730 (1980, 372.0) 0.003
Hypertension 7,472 (36.87) 681(76.27) 6,791 (35.23) <0.001
Diabetes 3,183 (1321) 334 (33.43) 2849 (1237) <0001
Coronary heart disease 741(3.37) 122(11.58) 619 (3.03) <0.001
Stroke 633(259) 85(7.35) 548 (2.39) <0.001

BMI, Body mass index; MDS, Magnesium depletion score. Data are presented as umveighted number (veight percentage) for categorical variables, weighted mean (standard deviation), or
weighted median (interquartile range) for continuous variables.
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Variable Unweighted Unadjusted model Model 1° Model 2° Model 3¢
participants

Event, n (%) OR (95% ClI) p value OR (95% ClI) p value OR (95% CI) p value OR (95% ClI) p value
MDS=0 88/4871 (1.8) 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
MDS=1 293/8606 (3.4) 175 (1.16~2.65) 0.009 143 (0.93~2.20) 0.105 148 (0.96~2.30) 0077 145 (0.93~2.26) 0.103
MDS=2 281/3299 (8.5) 376(252~561) <0.001 214 (1.38~333) <0.001 2.09(1.34~326) 0,002 1.86 (1.18~2.93) 0.008
MDS23 189/1263 (15.0) 7.04 (4.69~10.57) <0.001 3.07(1.97~4.80) <0.001 273 (1.73~430) <0.001 217(137~343) 0.001
pfortrend <0.001 <0001 <0.001 <0.001

MDS, Magnesium depletion score; BMI, Body mass index. Unadjusted mode: no other covariates are adjusted.

‘Adjusted by sex and age.

“Adjusted for Model 1+ race, marital satus, smoking status, education level,physical activity, BMI, and poverty income rato.
‘Adjusted for Model 2 + dietary magnesium intake, coronary heart disease, diabetes, stroke, and hypertension.
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Dietary parameters Homemade liquid diet Homemade liquid Homemade liquid diet + main Homemade liquid

diet + normocaloric enteral course + normocaloric enteral diet + hipercaloric enteral formula
formula formula

Energy (keal) 1338 1838 2065 2156
Lipids () 35 52 55 64
Saturated fats (g) 15 21 2 2%
Monosaturated fats (g) 1 18 19 2
Polinsaturated fats (g) 4 7 8 10
Carbohydrates (g) 168 235 258 287
Sugars (g) 122 128 129 132
Fiber (g) 12 2 14 14
Protein (g) 83 102 128 102
Sodium (mg) 1999 2399 2692 2616
Potassium (mg) 3338 4013 4693 611
Calcium (mg) 1,687 2037 2038 2241
Phosphorus (mg) 1,482 1782 1969 1889
Magnesium (mg) 198 283 316 293
Tron (mg) 10 16 17 18
Zinc (mg) s 13 15 15
Selenium (ug) 0 35 35 50
Todine (g) 170 235 237 284
Vitamin A (ug) 1,100 1,650 1,664 1918
Vitamin D (wg) 6 13 3 17
Tocopherol (mg) 5 3 13 18
Thiamine (mg) 2 2 3 3
Riboflavin ou B2 (mg) 3 3 4 4
Vitamin B6 (mg) 2 3 3 3
Vitamin B12 (g) 2 4 5 5
Vitamin C (mg) 75 130 144 169

Folate (B9) (g) 127 272 305 374





OPS/images/fnut-11-1485578/crossmark.jpg
©

2

i

|





OPS/images/fnut-11-1485578/fnut-11-1485578-g001.jpg
29,169 Participants with gout data in
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8,776 Participants without MDS

20,393 Participants

Exclude:
1,879 Participants with missing data for covariates

18,039 Participants were
included
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Subgroup| OR (95%CI) P for trend

‘Subgroup OR (95%Cl) P for trend

P for interaction
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Anthropometric

parameters

1st month
(August,
2023)

9th month
(April,
2024)

10th month
(May, 2024)

Mid-upper-arm circumference,

em (Normal value <24cm) (31)

Calf circumference, cm (Normal

value <31 cm) (15)
Estimated weight (Kg) (16)

Body Mass Index, kg/m? (Normal
weight 22-27kg/m?) (17)

260

315

557

188

2rd month 7th mont 8th month
(September, (February, (March,
2023) 2024) 2024)
254 223 225
31 26 27
539 444 45.0
18.2 15 15.2
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Laboratory parameters (normal  1st month (August, 2023)  7th Month (February, 2024) 9th month (April,

range) 2024)
Glucose, mg/dL (74-106 mg/dL) 97 1849 7
Urea, mg/dL (19-49 mg/dL) 14 2 18
Creatinine, mg/dL (0.70-1.30 mg/dL) 05 08 0.59
Hemoglobin, g/dL (13.7-17.2g/dL) 109 122 121
Hematocrit, % (40-50%) 32 372 35
MCV, fL.(83-98fL) 86 902 %
MCH, pg (28-32p9) 2 296 31
MCHC, g/dL (32-36g/dL) 3 328 35
RDW, % (11.6-14.1%) 16 158 146
Neutrophils (1.50-6.50 x 10°/L) 310 53 209
Eosinophils (0.02-0.67 x 10'/L) 040 005 0.08
Basophils (< 0.13 x 10°/L) 0.04 002 001
Lymphocytes (1.10-3.5 x 10°L) 132 201 154
Monocytes (0.21-092 x 10°/L) 0.52 032 0.46
Platelets (170-430 x 10°/L) 350 278 198
Sodium, mmol/L (136-145 mmol/L) 136 137 141
Potassium, mmol/L (3.5-5.1 mmol/L) 43 43 34
C-reactive protein, mg/dL (< 0.50 mg/dL) 209 034 253

MCY, Mean Corpuscular Volume; MCH, Mean Corpuscular Hemoglobin; MCHC, Mean Corpuscular Hemoglobin Concentration; RDW, Red Cell Distribution Width.
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Non-sarcopenic Sarcopenic

N=67

N=17

p value

Clinicopathological variables
Respiratory treatment
Without treatment
Ofev

Pirfenidona

GAP stage

Stage I

Stage I

Stage IIl

GAP Score

DLCO (L)

KCO (L)

FCV ()

SGRQ Sintoms
SGRQ Activity
SGRQimp
Malnutrition (SGA)
Non malnutrition
Moderate risk

Hight risk
Malnutrition (GLIM)
Non malnutrition
Malnutrition
Mortality

No

Yes

1(1.4%)
49(68.1%)

22(30.6%)

27 (32,1%)
41(47,6%)
17.(20,2%)
4(1,8)
49.6(17.3)
79(21.2)
2620 (16.4)
348(19.5)
34/(7.38%)

31.4(27.7)

15 (18.5%)
50 (61.7%)
16 (19.8%)

18 (21.4%)

66 (78.6%)

62(72,9%)

23 (27.1%)

1(1.4%)
38 (53.5%)

17(23.9%)

18 (21,4%)
34 (40.5%)
15(17.9%)
4(18)
47.8(149)
78.4(206)
2745.6 (723)
336 (20.8)
17 (7.36%)
275(26.0)

11(13.8%)
41(51.2%)
11(13.8%)

18 (21.4%)

49(58.1%)

46 (54.8%)

21 (25%)

0(0.0%)
11(15.5%)

4(5.6%)

9(10.7%)
6(7.1%)
2(24%)
3(16)
566 (23.1)
824 (23.4)
2,142 (800.2)
389 (14.4)
17 (7.39%)
45.2(30.0)

4(5%)
8(10%)
5(6.3%)

0(0.0%)

17 (20,5%)

15 (17.9%)

2(24%)

0830

<005+

0181
009
0542

<0.05**
0375
0150

<005+

0381

<005+

0.106

Data are expressed as mean + standard deviations or percentage. Groups were divided by non-sarcopenic vs sarcopenic variable. Asterisk indicates significant difference between groups,

according to Chi squared test for dichotomic variables (*+*p<0.001, *p<0.01, *p<0.05). GA

nder (G), age (A) and physiology () index; FC!

Forced Vital Capaci

LCO: pulmonary

difusion of carbon monoxide; KCO: Carbon monoxide transfer coefficient; SGRQ: Sant George's Respiratory Questionnaire; SGA: Subjective Global Assessment; GLIM: Global Leadership.

Initiative on Malnutrition.
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VEUELIES Sensitivity Specificity p value
BIVA and classical parameters

BCM 254 0822 61.19% 94.12% <0.05%*
Nutritional Ultrasound

RF-CSA 294 0833 75.76% 88.24% <005+
RE-Y-Axis 108 0730 6061% 8235% <005+
Functional test

TUG 9.19 0714 47.06% 87.69% <005+
Pulmonary function

FCV (ml) 2,500 0722 61.02% 65.47% <0.05%*

Receiver operating characteristic (ROC) and Cut-off without adjusting for variables fo the nutritional assessment methods and sarcopenia in patients with idiopathic pulmonary patients
BCM: Body cell mass; RE-CSA: rectus femoris cross sectional area; RE-Y-Axis: rectus femoris Y axis, TUG: up and go test; FCV: Forced Vital Capacity.
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Variable Levels HR 95% Cl  p-value Time Survival 95% ClI

(Univariable) (HR) (months) (%) (survival)

RFCSASARCOPENIA | Non-sarcopenia 52 12 962 91.1-1000
Sarcopenia 31 237 1.02-5.48 0.045 12 742 60.3-91.3

RE_Y_Axis sarcopenia ~ Non-sarcopenia 43 12 953 89.3-100.0
Sarcopenia 40 267 1.09-6.55 0.032 12 80.0 68.5-93.4

TUG sarcopenia Non-sarcopenia £ 12 1000 1000-1000
Sarcopenia 47 489 1.43-16.70 0.011 12 83.0 729-944

RF-CSA: rectus femoris cross-sectional area; RE_Y_Axis: rectus femoris Y Axis; TUG: Timed Up & Go; HR hazard ratio; CI confidence interval,





OPS/images/fnut-11-1440402/fnut-11-1440402-g001.jpg
Pearson
Correlation

RF-Y- Axis 03
RF-CSA 04
ASMM 0.28
BoM 034
Sarcopenia -051 045 035
» o @
< & <






OPS/images/fnut-11-1440402/fnut-11-1440402-g002.jpg
100
75
var

5 ~ TUG
2]

25

o

-100 =75 -50 -25 ]
1 - Specificity

B

100 hfﬁ

=
§ §

75
g. var
= ~ BCM
2 50 ~ FCV_basal
3 ~ RF-CSA
@ ~ RF-Y- Axis

25

0

-100 -75 -50 -25 L]

1 - Specificity





OPS/images/fnut-11-1440402/fnut-11-1440402-g003.jpg
A B
‘Survivalcurves for RF_Y_Axis_Sarcopenia
Based on Kapn Mo esmates

‘Survival curves for RFCSA_Sarcopenia
Based on Kaplan Molrestmales

100
ors
£
| R oso
Logrank
0.254 0251 b
peo02e
oo oo
T ] 7 5 T 5 T q T =
Time (rone) imo (nonte)
Nmoor sk Number at sk
. s s s W e % & p i
R o w0 z- B B R i w s M M

c ‘Survival curves for TUG_Sarcopenia
Sasodon o s s

100
075
2 o
]
&
Logrank
025 %
p=00051
000
3 ) T ) 0
Time (months)
Number at risk
=2 @2 2 w2 2

VO Sarepiast 47 . a & 38





OPS/images/fnut-11-1440402/fnut-11-1440402-t001.jpg
Non-Sarcopenic Sarcopenic

N =67 N=17

Demographic and anthropometric variables

Age (years) 710(7.22) 702(7.01) 743 (7.50) <005%*
Gender (male) 85 (83.5%) 65 (7.4%) 5(6%) <0001+
BMI (kg/m?) 276 (3.47) 27.5(3.46) 28.2(347) <0.466
Weight (kg) 79.1(125) 805 (13.1) 73.6(8.64) <0.05*
BIVA

PA() 4.83 (0.764) 4.89(0.79) 4.58(0.63) 0.133
SPA ~0.96 (0.950) ~1.03(0.97) ~0.66 (0.81) 0.161
Nutrition 761 (162) 790 (164) 648 (96.5) <0.001%**
Hidration 746 (239) 747 (251) 743 (1.89) 0486
BCM (kg) 259(5.12) 27.0 (4.96) 21.5(3.19) <0.001%**
Nak 117 (0.187) 1.18(0.191) 1.14(0.177) 0.440
FFMI (kg/m?) 19.2(1.70) 19.5(1.69) 18.1(1.07) <0.001%**
FMI (kg/m?) 843 (2.82) 8.02(245) 10.2(3.59) <0.001%**
BCMI (kg/m’) 9.10 (1.89) 10.2(1.58) 7.95(1.43) <0.001%**
SMI (kg/m?) 8.90 (1.18) 9.26 (0.969) 7.58 (0.974) <0.001%**
ASMI(kg/m?) 204 (3.31) 21.3(3.11) 17.1(1.67) <0.001%**
Echography exploration

RF-CSA (cm?) 3.36 (0.995) 3.59(0.97) 248 (0.46) <0.001%#*
RF-CIR (cm) 8.21(1.10) 8.51(0.95) 7.00 (0.82) <0.001%#*
RF-X-axis (cm) 345 (0.485) 357 (0.43) 3.01 (0.44) <0.001%**
RF-Y axis (cm) 1.12(0.279) 116 (0.28) 0.95(0.18) <0.001%#*
L-SAT (cm) 0.78 (0.526) 0.66 (0.40) 1.25(0.68) <0.001%%*
T-SAT (cm) 1.69 (0.715) 1.53(0.63) 2.28(0.70) <0.001%**
$-SAT (cm) 0.73 (0.298) 0.65(0.24) 1.01(0.29) <0.001%**
VAT (cm) 0.65 (0.306) 0.62(0.26) 0.74(0.43) 0.179

Functional measurement
HGS mean (kg) 33.0(10.0) 363 (8.27) 202 (461) <0.001%+*
TUG (5) 7.64 (1.86) 7.32(1.54) 8.88(2.52) <0.001%+*

Data are expressed as mean + standard deviations or percentage. Groups were divided by non-sarcopenic vs sarcopenic variable. Asterisk indicates significant difference between groups,
according to the t-student test (Chi squared test was used for variables expressed as percentage) (***p<0.001, **p<0.01, *p<0.05). BCM: Body cell mass; BCMI: BCM index; BMI: Body mass
index; BIVA: Bioelectrical vectorial Impedance Analysis; CR: C reactive protein; FM: Fat mass; EMI: EM index; FEMI: Fat-free mass index; HGS: Hand grip strength; PA: Phase angle; RF-
CIR: circumference of quadriceps rectus femoris; RE-CSA: rectus femoris cross-sectional area; SAT: subeutancous adipose fat ofleg (L), superfiial (5) and total (T) abdominal; SMI: Skeletal
muscle index; SPA: Standardized phase angle; TSH: Thyroid-stimulating hormone; TUG: Timed Up & Go.
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Trajectory groups Model 1 Model 2 Model 3

PIRR (95% Cl) p value BIRR (95% Cl) p value BIRR (95% CI) p value
Trajectory groups of WC

Both
LVMF, g/m?7
Low-increasing group Reference Reference Reference
Moderate-increasing 352(277,4.27) <0.001 281(204,3.59) <0.001 283 (2.05,3.61) <0.001
group
High-increasing group | 6.08 (5.34, 6.82) <0.001 5.18(438,5.97) <0.001 5.16 (437, 5.95) <0.001
LVH>
Low-increasing group Reference Reference Reference
Moderate-increasing 261(132,5.14) <001 1.9 (0.98,4.00) 0,058 204(1.00,4.15) 0051
group
High-increasing group 826 (5.13, 13.29) <0.001 552(3.23,9.45) <0.001 5,84 (339, 10.05) <0.001
Boys
LVMI®, g/m?7
Low-increasing group Reference Reference Reference
Moderate-increasing 339(233,445) <0.001 234(1.32,3.36) <0.001 235(1.33,3.37) <0001
group
High-increasing group | 6.23 (530, 7.15) <0.001 5,00 (4.00,6.01) <0.001 4,98 (3.97,599) <0.001
LVH>
Low-increasing group Reference Reference Reference
1.91(0.47,7.74) 0.365 120 (034,4.29) 0778 111(0.27,452) 0.882
group
High-increasing group 1115 (4.6, 26.67) <0.001 565 (2,13, 14.95) <001 6.14(234,16.14) <0.001
Girls
LVMI?, g/m?”
Low-increasing group Reference Reference Reference
Moderate-increasing 3.89(283,494) <0.001 349(2.36,4.63) <0.001 347 (233, 4.60) <0001
group
High-increasing group  5.72 (4.48, 6.96) <0.001 483 (352,6.15) <0.001 482(351,6.13) <0.001
LVH>
Low-increasing group Reference Reference Reference
Moderate-increasing 280(1.28,6.11) <005 259 (1.11,6.04) <0.05 270 (1.14,6.38) <0.05
group
High-increasing group 652 (3.57, 11.92) <0.001 492(247,981) <0.001 5.28 (264, 10.56) <0.001

Trajectory groups of WHtR

Both
LVMF, g/m?7
Reference Reference Reference
Decreasing group 292(218,3.65) <0.001 2.22(1.46,2.98) <0.001 2.25(1.50,3.01) <0.001
Increasing group 571(501,642) <0.001 495(4.18,5.72) <0.001 491 (4.15,5.68) <0001
LVH>
Stabilizing group Reference Reference Reference
Decreasing group 275(131,577) <001 215 (1.03,4.53) <0.05 223(1.06,4.71) <005
Increasing group 991(571,17.19) <0001 7.23 (4.05,12.91) <0.001 7.38 (414, 13.14) <0.001
Boys
LVMI®, g/m?7
Stabilizing group Reference Reference Reference
Decreasing group 289(1.94,3.84) <0.001 185 (0.89, 2.81) <0.001 1.94(0.99,2.89) <0.001
Increasing group. 5.72(475,6.69) <0.001 451(3.43,5.60) <0.001 4.48 (339, 5.58) <0.001
LVH>
Stabilizing group Reference Reference Reference
Decreasing group 282(081,9.84) 0.104 177 (0.53,5.91) 0355 176 (0.50,6.17) 0375
Increasing group 12.41 (449, 34.30) <0.001 6.84(225,2077) <001 7.46 (245, 22.76) <0.001
Girls
LVMI, g/m?”
Stabilizing group Reference Reference Reference
Decreasing group 3.07(192,423) <0.001 276 (1.55,3.96) <0.001 270 (149, 3.91) <0.001
Increasing group. 5.64(4.62,6.66) <0.001 5.11(4.00,6.22) <0.001 5.08 (397, 6.18) <0.001
LVH>
Reference Reference Reference
Decreasing group 288(1.12,7.44) <005 279.(1.09,7.11) <0.05 290 (1.13,7.47) <0.05
Increasing group 878 (4.53,17.03) <0.001 7.46 (3,76, 14.80) <0.001 7.56 (383, 14.92) <0.001

Model 1: Adjusted for age, sex, and height (only for WC).
Model 2: Model 1 plus trajectory groups of SBE. DB, GLU, HDL-C, LDL-C, TG, and TC from baseline to follow-up periods.

Model 3: Model 2 plus pubertal development at follow-up, intake of fruits/vegetables, carbonated beverages, PA, screen time, and slecp time at baseline.

DBP, diastolic blood pressure; GLU, glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LVH, left ventricular hypertrophy; LVMI, left
ventricular mass index; PA, physical activity; R, risk ratio; SB, systolic blood pressure; TC, total cholesterol; TG, trglyceride; WC, waist circumference; WHR, waist-to-height ratio.
‘Represents linear regression for continuous variables (5 values).

Represents log-binomial regression for categorical variables (RR values).
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Trajectory groups Stabilizing group Decreasing group Increasing group F/y¢ value p value

of WHtR (n =500) (n = 180) (n = 266)

Baseline (2017)
Boys 216(43.2) 115 (63.9) 160 (60.2) 3278 <0.001
Age, years 8.1(14) 7.7(1.4) 8.1(15) 446 0012
BMI, kg/m? 15.9.(1.5) 205 (26) 197 (32) 367.98 <0.001
WG, em 566 (48) 695(7.8) 66.4(9.6) 300.10 <0.001
WHIR 0.4(0.0) 05(0.0) 0.4(0.0) 44970 <0.001
SBR, mmHg 1041 (89) 1083 (9.2) 1075 (88) 248 <0.001
DBE, mmHg 621(62) 633(63) 64.4(69) 2105 <0.001
GLU, mmol/L. 46(05) 47(05) 47(03) 641 0,002
HDL-C, mmol/L 16(03) 14(03) 15(04) 2844 <0.001
LDL-C, mmol/L 22(06) 24(07) 22(06) 505 0007
TG, mmol/L. 06(02) 08(03) 07(03) 2882 <0.001
TC, mmol/L 40(08) 41(08) 41(07) 108 0340
Insufficient intake of
frisivegeabls 405 (81.0) 153 (85.0) 226 (85.0) 263 0.269
Frequent intake of
o 27(54) 16 (8.9) 15(56) 295 0228
Insufficient PA 422(84.4) 152 (84.4) 227 (85.3) 013 0939
Excessive screen time 18(3.6) 7(39) 14(53) 125 0536
Insuffcient sleep 87(17.4) 19.(106) 39(14.7) 490 0.086
LVMI, gm?? 269(38) 298 (4.1) 288 (46) 3983 <0.001
LVH 16(32) 30(169) 30(11.4) 3814 <0.001

Follow-up (2023)
SBR, mmHg L1 (10.1) 1194 (118) 123.1 (12.1) 113.20 <0.001
DB, mmHg 608 (69) 609 (5.0) 630(7.0) 905 <0.001
GLU, mmol/L. 46(04) 47(04) 47(04) 494 0007
HDL-C, mmol/L 15(02) 14(02) 13(02) 7436 <0.001
LDL-C, mmol/L 20(06) 21(06) 23(06) 1403 <0.001
TG, mmol/L. 08(03) 08(03) 10(035) 3711 <0.001
TC, mmol/L 41(07) 40/(06) 4.1(06) 237 0,094
WC, cm 67.8(53) 806(5.7) 836(95) 71631 <0.001
WHR 0.4(00) 0.4(00) 05(00) 79342 <0.001
LVMI, gm?? 29.4(38) 326 (44) 352(5.1) 157.43 <0.001
WH 14(28) 130.2) 69(258) 103,52 <0.001

Continuous variables are expressed as mean (standard deviation) and categorical variables are expressed as 1 (%). BMI, body mass index; DB, diastolic blood pressure; GLU, glucose; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LVH, left ventricular hypertrophy; LVMI, left ventricular mass index; PA, physical activitys SBP, systolic blood
pressure; TC, total cholesterol; TG, triglyceride; WC, waist circumference; WHIR, waist-to-height ratio.
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Trajectory groups Low-increasing Moderate- High-increasing F/y¢ value

of WC group (n = 513) increasing group group (n = 256)
(n =177)
Baseline (2017)
Boys 215419 95(53.7) 181(707) 5699 <0.001
Age, years 80(1.4) 78 (14) 8.1(15) 161 0.200
15.9.(1.6) 206(26) 198(32) 379.60 <0001
565 (47) 698 (7.4) 669 (97) 33225 <0.001
0.4(0.0) 05(00) 04(00) 39188 <0.001
SBE, mmHg 1041 (9.0) 1087 (93) 1078 (8:5) 2552 <0001
DBP, mmHg 622(62) 65.6(6.3) 644(69) 2256 <0.001
GLU, mmol/L 46(03) 47(05) 47(03) 853 <0.001
HDL-C, mmol/L 16(03) 14(03) 15(0.4) 2775 <0001
LDL-C, mmol/L. 22(06) 24(08) 23(06) 7.10 0001
TG, mmol/L 0.6(02) 058(04) 07(03) 3152 <0001
TC, mmol/L 40(07) 41(09) 4.1(038) 226 0.105
Insufficient intake of
el 417 (81.3) 148 (836) 219(855) 227 0322
Frequent intake of
i 29(57) 13(7.3) 16(6.2) 0.66 0718
Insuffcient PA 436 (85.0) 148 (836) 217 (848) 0.19 0908
18(35) 96.1) 12(47) 111 0574
Insuffcient sleep 89(17.3) 21(119) 35(137) 379 0.150
LVMI, g/m?” 27.0(38) 290 (43) 292(47) 2839 <0001
WH 2141 22(12.6) 33(13.0) 2384 <0001
Follow-up (2023)
SBE, mmHg 1108 (9.9) 1194 (116) 1242(11.9) 13971 <0.001
DBP, mmHg 606 (6.8) 619(7.9) 628(7.2) 868 <0001
GLU, mmol/L 46(04) 46 (0.4) 48(04) 7.2 0.001
HDL-C, mmol/L 15(02) 14(02) 13(0.2) 7811 <0001
LDL-C, mmol/L 20(06) 22(07) 23(06) 14.07 <0.001
TG, mmol/L 08(03) 09(03) 10(05) 3265 <0001
TC, mmol/L 41(07) 40(06) 4.1(06) 041 0.662
WG, cm 67.8(52) 804(7.1) 89.8(9.1) 929.25 <0.001
WHIR 0.4(0.0) 0.4(00) 05(0.0) 77342 <0.001
LVMI, g/m?” 296 (40) 325(42) 353(52) 14454 <0.001
WH 20(39) 14(79) 62(24.1) 7808 <0.001

Continuous variables are expressed as mean (standard deviation) and categorical variables are expressed as 1 (%). BMI, body mass index; DB, diastolic blood pressure; GLU, glucose; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LVH, left ventricular hypertrophy; LVMI, eft ventricular mass index; PA, physical activity; SBY, systolic blood
pressure; TC, total cholesterol; TG, triglyceride; WC, waist circumference; WHIR, waist-to-height ratio.
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Overall (n = 946) Boys (n = 491) Girls (n = 455)

Age, years 8.0(1.4) 8.0(14) 8.0(1.5) =0.13 0.893

BMI, kg/m® 17.8(3.1) 18.2(3.2) 17.4(3.0) 4.02 <0.001
WC,em 61.8(90) 635(94) 600 (82) 522 <0.001
WHtR 0.4(0.0) 0.4(0.0) 0.4(0.0) 352 <0.001
SBP, mmHg 1059 (9.1) 106.7 (8.6) 105.1 (9.6) 033 0.009

DBP, mmHg 63.4(6.5) 63.0(6.3) 63.8(6.7) 224 0.049

GLU, mmol/L 4.6(0.5) 47(0.5) 45(05) 147 <0.001
HDL-C, mmol/L 15(0.3) 1.6 (0.4) 15(0.3) 6.11 <0.001
LDL-C, mmol/L 2.2(0.6) 2.2(06) 22(0.6) 649 0.746

TG, mmol/L 0.7(0.3) 0.7(0.3) 0.7(0.3) 259 0.026

TC, mmol/L 4.1(0.8) 41(08) 40(0.7) -197 0.143

Insufficient intake of fruits/

vegetables 784 (82.9) 425 (86.6) 359 (78.9) 9.22 0.002

Frequent intake of carbonated

beverages 58(6.1) 39(7.9) 19(4.2) 5.19 0.023

Insufficient PA 801 (84.7) 410 (83.5) 391 (85.9) 0.90 0.344
Excessive screen time 39(41) 27 16(35) 055 0.460
Insufficient sleep 145 (15.3) 69 (14.1) 76(16.7) 1.08 0.298
LVMI, g/m*” 28.0(4.2) 29.0(4.2) 269 (4.1) 7.71 <0.001

Continuous variables are expressed as mean (standard deviation) and categorical variables are expressed as 1 (%). BMI, body mass index; DB, diastolic blood pressure; GLU, glucose; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LVMI, lft ventricular mass index; PA, physical activitys SBP,systolic blood pressure; TC, total cholesterol; TG,
trglyceride; WC, waist circumference; WHIR, waist-to-height ratio.
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Variables Total Non-periodontitis Periodontitis

Number (%) 8,601 4,647 (54.03%) 3,954 (45.97%)
Age, years 5217+ 1426 4831£1358 5671+ 13.68 <0001
Gender (%) <0001
Male 4,331 (50.35%) 1,976 (42.52%) 2,355 (59.56%)
Female 4,270 (49.65%) 2,671 (57.48%) 1,599 (40.44%)
Race (%) <0.001
Mexican American 1,179 (13.71%) 501 (10.78%) 678 (17.15%)
Other Hispanic 813 (9.45%) 442(9.51%) 371(938%)
Non-Hispanic White 3,968 (46.13%) 2,433 (5236%) 1,535 (38.82%)
Non-Hispanic Black 3,968 (46.13%) 736 (15.84%) 965 (24.41%)
Other race 940 (10.93%) 535 (11.51%) 405 (10.24%)
Education attainment (%) <0001
< high school 1,860 (21.63%) 650 (13.99%) 1,210 (30.60%)
High school 1,870 (21.74%) 851 (18.31%) 1,019 (25.77%)
> high school 4,871 (56.63%) 3,146 (67.70%) 1,725 (43.63%)
Marital status (%) <0.001
Married or living with a

5,589 (64.98%) 3,161 (68.02%) 2,428 (61.41%)
partner
Living alone 3,012 (35.02%) 1,486 (31.98%) 1,526 (38.59%)
PIR (%) <0.001
Low 1,613 (18.75%) 653 (14.05%) 960 (24.28%)
Middle 1,613 (18.75%) 2217 (47.71%) 2211 (55.92%)
High 2,560 (29.76%) 1,777 (38.24%) 783 (19.80%)
Smoking status (%) <0001
Yes 3,847 (44.73%) 1,685 (36.26%) 2,162 (54.68%)
No 4754 (55.27%) 2,962 (63.74%) 1,792 (45.32%)
Drinking status (%) 0018
Yes 6,350 (73.83%) 3,479 (74.87%) 2,871 (7261%)
No 2,251 (26.17%) 1,168 (25.13%) 1,083 (27.39%)
Hypertension (%) <0.001
Yes 3,278 (38.11%) 1,499 (32.26%) 1,779 (44.99%)
No 3,278 (38.11%) 3,148 (67.74%) 2,175 (55.01%)
Diabetes <0001
Yes 1,074 (12.49%) 398 (8.56%) 676 (17.10%)
No 7,287 (84.72%) 4,133 (88.94%) 3,154 (79.77%)
Borderline 240 (2.79%) 116 (2.:50%) 124 (3.14%)
BMI (Kg/m2) 2944£675 2936+676 2053673 0,095
TP (g/L) 7120478 7099 £4.54 7145503 <0001
TC (mmol/L) 508+ 1.06 5.11% 104 5054109 0.004
TG (mmol/L) 178133 1724129 1854138 <0.001
HDL-C (mmol/L) 137042 139+041 1344042 <0.001
ALT (UIL) 2597 £ 18.97 25.84£17.66 26122041 0736
AST (UIL) 2626+ 19.30 25962139 2661 £ 1651 0022
BUN (mmol/L) 4774196 459£175 4994217 <0.001
SUA (mmol/L) 325,68 £84.24 31716 8165 33571 £86.13 <0.001
SCr (umol/L) 80.01£33.24 77.14£27.63 8338+ 38.54 <0.001
Calcium (mmol/L) 235009 2354009 2354009 0711

PIR, family poverty-to-income ratio; BMI, body mass index; TP, otal protein; TC, totalcholesterol; TG, triglycerides; HDL-C, high-density lipoprotein chalesterol; ALT, lanine
aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; SUA, serum uric acid; SCr, serum creatinine.
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Model OR 95%Cl
WQS model 0.82(0.69,0.99) 0035

Model was adjusted for age, sex,ethnicity, marital status, poverty-income ratio, educati
level, smoking status, drinking status, diabetes, hyperlpidemia, and hypertension. WQS,
weighted quantile sun; OR, odds ratio; CI, confidence interval
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AELELIES Model 1 Model 2

OR 95%Cl p- OR 95%Cl p-
value

Tertiles of vitamin A, pg

Qu ref ref
Q@ 058(0440.77) <0001 071(0.54,0.94) 0.02
Q 043(0.330.56) <0001 0540.40074) | <0.001

Tertiles of vitamin B1, mg

Q ref ref
@ 075049014) | 017 0950061148 083
! 0.56(0.40,0.77) <0.001 0.67(0.48,0.95) 0.03

Tertiles of vitamin B2, mg

Q ref ref
Q2 0.75(0.53,1.07) 0.11 0.85(0.57,1.26) 0.40
Q3 0.60(0.43,0.84) 0.003 0.74(0.53,1.03) 0.08

Tertiles of vitamin B6, mg

Q1 ref ref
2 057(0420.78)  <0.001  0.64(0.46,0.89) 0.01
Q@ 056(0400.78) <0001 070049099 | 0.046

Tertiles of vitamin B12, pg

Ql ref ref
@ 075048,119) | 0220 | 0750471200 022
Q@ 068049093 0018 | 079056112 019

Tertiles of vitamin C, mg

Q1 ref ref
Q 057(0.390.83) 0004 072(0.48,1.08) 011
5] 057(0430.77) <0001 079(0.57,L.11) 017

Tertiles of vitamin D, ug

Qi ref ref
Q@ 0.64(0.44,0.94) 002 0.74(0.50,1.10) 013
Q3 060(0.430.83) 0003 067(0.48,0.94) 0.02

Tertiles of vitamin E, mg

Q ref ref
Q 0.84(0.60,1.17) 030 0.96(0.67,137) 082
Q3 0.79(0.54,1.15) 021 1.03(0.68,1.56) 0.8

Tertiles of vitamin K, g

Q ref ref
Q 0.85(0.59,1.23) 038 1.01(0.69,1.46) 0.97
Q3 0.48(0.34,0.67) <0.001 0.61(0.44,0.85) 0.01

Model 1: No variables were adjusted. Model 2: Age, sx, ethnicity, marital status, poverty-
income rato, education level, smoking status, drinking status, diabetes, hyperlipidemia, and
hypertension were adjusted. OR, odds ratio; CI, confidence interval.
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Variables Participants, No. (%) p-value

Total N = 3,123 No depression Depression

N=2770 N =353
Age, years <0.001
<65 1,484(47.52) 1,259(45.45) 225(63.74)
>65 1,639(52.48) 1511(54.55) 128(36.26)
Sex <0001
Male 1,507(48.25) 1,385(50.00) 122(34.56)
Female 1,616(51.75) 1,385(50.00) 231(65.44)
Ethnicity <001
White 1,604(51.36) 1451(5238) 153(43.34)
Mexican 364(11.66) 31111.23) 53(15.01)
Black 700(2241) 614(2217) 86(24.36)
Other 455(14.57) 394(14.22) 61(17.28)
Marital status <0.001
Married 1,559(49.92) 1,431(51.66) 128(36.26)
Other 1,564(50.08) 1,339(48.34) 225(63.74)
Education level <0.001
Less than high school graduate 979(31.35) 826(29.82) 153(43.34)
High school graduate or general equivalency diploma 765(24.50) 690(24.91) 75(21.25)
Some college or above 1379(44.16) 1,254(45.27) 125(35.41)
PIR <0.001
<10 707(22.64) 565(20.40) 142(40.23)
210 2,416(77.36) 2,205(79.60) 211(59.77)
Smoking status <0.001
Never 1,535(49.15) 1,387(50.07) 148(41.93)
Former 1,039(33.27) 937(33.83) 102(28.90)
Now 549(17.58) 446(16.10) 103(29.18)
Drinking status <0.001
Never 532(17.03) 473(17.08) 59(16.71)
Former 910(29.14) 775(27.98) 135(38.24)
Now 1,681(53.83) 1522(54.95) 159(45.04)
Diabetes <0001
No 1840(58.92) 1,674(60.43) 166(47.03)
Yes 1,283(41.08) 1,096(39.57) 187(52.97)
Hyperlipidemia 003
No 562(18.00) 514(18.56) 48(13.60)
Yes 2,561(82.00) 2,256(81.44) 305(86.40)
Hypertension 034
No 859(27.51) 770(27.80) 89(25.21)
Yes 2,264(72.49) 2000(72.20) 264(74.79)

Vitamin Types, Median (IQR)

Vitamin A, pg. 467.00(500.5) 478.00(502.75) 355.00(446.00) <0.001
Vitamin B1, mg 1.29(0.92) 1.31(0.91) 1.17(0.92) <0.01
Vitamin B2, mg 1.70(1.18) 1.72(1.18) 1.61(1.10) 0.04
Vitamin B6, mg 159(1.21) 1.62(1.20) 137(127) <0001
Vitamin B12, pg 3.58(3.72) 3.64(3.77) 3.07(3.36) <0.01
Vitamin C, mg 50.10(85.45) 51.75(86.27) 38.80(82.00) 033
Vitamin D, pg. 3.20(4.45) 3.20(4.40) 2.70(4.60) 0.01
Vitamin E, mg 5.84(5.19) 5.92(5.22) 5.21(5.25) 0.03
Vitamin K, ug. 55.00(75.80) 56.60(77.90) 43.90(52.40) 0.02
“Total vitamin intake, mg 63.53 (90.02) 66.21 (90.74) 5138 (81.48) <0.001

PIR, poverty-income ratio; IQR, interquartile range (75th quartile minus 25th quartie).
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Participants aged >20 years old from
NHANES 2007-2014 (N =40617)

_

Y

Participants with chronic kidney
disease were included (N =5381)

35236 participants without chronic kidney disease
were excluded

\4

3520 participants were included

Y

1705 participants were excluded due to missing
deoression

156 participants were excluded due to missing
information on vitamin intake

397 missing values of covariates were excluded.
marital status (N=99),

somking status (N=3),

drinking status (N=10),

education level (N=5),

poverty-income ratio (268),

diabetes (N=12).

Finally, 3123 participants were included
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Variables Overall
(n = 84)

Mean + SD

How satisfed are you with your current health?

+ Notatall Satisied 210£00
« Slightly Satisfied 20117
0522
+ Somewhat Satisfied 19120
+ Moderately Satisfied 197425
+ Extremely Satisfied 203426
Do you experience Cramps in your legs?
« Never 20727
« Rarely 1884038
0031
+ Sometimes 200+23
« Most of time 184521
. Always 210£00
Do you get breathless while walking/ working/ climbing stairs?
« Never 205425
+ Rarely 189423
0.165
+ Sometimes 193423
« Most of time 195424
« Alvays -
Do you get constipated?
« Never 199425
009
+ Rarely 18320
+ Sometimes 20609
Do you have small/dry stools?
« Never 201424
0021
« Rarely 182420
+ Sometimes 210£00
Do you pass worms in your stools?
« Never 199424
0.468
+ Rarely 193423
+ Sometimes 188521
Have you noticed any recent changes to your skin, eyes or mouth?
. Yes 196426 0.293

. No 202418

“Means that the values were statistically significant. p-values of <0.05 were considered to be statistically significant.
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Variables

Mean + SD

Dietary patterns
Do you think that you have a good appetite?

. Yes 198425 0722
« No 195412

How many meals do you have daily?

+ 1 meal 17.8+28
0287
+ 2meals 198+22
« 3meals 203432
Do you take snacks between regular meals?
« Never 185+0.7
« Rarely 18329
0.532
+ Sometimes 19.8+24
+ Most of the time. 20.1£22
« Always 197417
Do you skip meals?
+ Never 204 £3.0
« Rarely 188+ 1.6 0758
+ Sometimes 197£23
+ Most of time 20.1£18
Which meal do you normally skip?
+ Breakfast 193+21
0.290
+ Lunch 20.1£26
+ Dinner 193£21
How frequently do you skip your meals?
+ Never 209+29
« Rarely 188:+2.1
0.320
+ Sometimes 19724
+ Most of time 193+19
« Always 222400
Do you eat junk/street food
» Never 191414
« Rarely 201434
0353
+ Sometimes 193+24
« Most of time 203£22
Food cravings
Have you ever experienced cravings for any non-food
ms? e.g, mud, chalk, paper, coal etc.
. Yes 198422
0971
+ No 198+24
If yes, what is the craving for?
« Mud/clay 18705 0.021%
+ Chalk 23.1£0.0
Food security
Do you have enough food at home to eat each day?
» Never 195+25
« Rarely 210400
0.069
+ Sometimes 19823
+ Most of time 190+22
« Always 206425
Have you ever had any food shortage in the house in last one year?
» Never 202+£23
« Rarely 177416 0.005*
+ Sometimes 204125
« Most of time 200 £ 0.0
Doall household members have the same number of
meals?
. Yes 198+24
+ No, Females have more - 0124
+ No, Males have more 17.2£25
Doall Household members eat together at mealtimes?
. Yes 19825
0.866
« No, Females eat first 185400
« No, Males eat first 198483
Doall the household members have the same quantity of food?
. Yes 198424
0331

« No, Females have more -
« No, Males have more 186404

“Means that the values were statistically significant, p-values of <0.05 were considered to be statisically significant.
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Overall (n = 84)

MUAC
Mean + SD
Father's occupation type
« Private employee 196424
« Self employed 204424 0.295
« Government employee 198417
+ Unemployed 17309

House ownership
+ Rented 20624 0246
+ Owned 196424

Housing structure

+ Kacha 192423
0712
. Paca 198425
+ Katcha Pacca 201512
Water supply
« Piped water 198424
« Natural spring 206400
0970
« Well water 194122
+ Common water tank 185400
+ Canalfriver 200£00
Where do you go to defecate?
+ Household latrine 198424 0799
+ Other latrine 197£23
Do you have birds/animals in the house?
. Yes 201£26 0354
- No 195422
Do you have television at home?
- Yes 19825 0.657
.« No 195421
Do you have any transport vehicle at home?
« No 190+17
« Yes, Motorcycle 201£25 0338
+ Yes, Car 194532
« Yes. Cycle 187417
Father’s education
« Notable to read or write 199420
+ Less than primary 197428 0.674
« Primary 20123
+ Secondary 18720
Mother’s education
+ Not able to read or write 197+22
0.541
« Less than primary 201427

« Primary 19125
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AELELIES BMI categories

Underweight Normal BMI
(n=73) (n=11)

How satisfed are you with your current health?

+ Notatall Satisied 1(14%) 0(0.0%)
« Slightly Satisfied 5(6.8%) 0(0.0%)
0637
« Somewhat Satisfied 17(23.3%) 19.1%)
+ Moderately Satisfied 27(37.0%) 5(45.5%)
+ Extremely Satisfied 23 (31.5%) 5(45.5%)
Do you experience Cramps in your legs?
« Never 14/(19.2%) 5 (45.5%)
« Rarely 5(6.8%) 0(0.0%)
0.157
« Sometimes 35 (47.9%) 6(54.5%)
« Most of time 18 (24.7%) 0(0.0%)
. Always 1(14%) 0(0.0%)
Do you get breathless while walking/working/climbing stairs?
« Never 27(37.0%) 6(54.5%)
+ Rarely 8(11.0%) 19.1%) 0613
+ Sometimes 32(43.8%) 4(36.4%)
« Most of time 6(3.2%) 0(0.0%)
Do you get constipated?
« Never 58 (79.5%) 10 (90.9%)
0421
« Rarely 10(13.7%) 0(0.0%)
« Sometimes 5(6.8%) 1(9.1%)
Do you have small/dry stools?
« Never 58 (79.5%) 10 (90.9%)
0654
+ Rarely 14.(19.2%) 19.1%)
« Sometimes 1(14%) 0(0.0%)
Do you pass worms in your stools?
« Never 61(83.6%) 10 (90.9%)
0553
« Rarely 5(6.8%) 19.1%)
« Sometimes 7(9.6%) 0(0.0%)
Have you noticed any recent changes to your skin, eyes or mouth?
. Yes 51(69.9%) 8(72.7%) 0846

. No 22 (30.1%) 3(27.3%)
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BMI categories

Underweight Normal BMI
(n =73) (n =11)

Dietary patterns

Do you think that you have a good appetite?

o Yes 61 (83.6%) 11(100.0%) 0351
+ No 12 (16.4%) 0(0.0%)

How many meals do you have daily?

« 1meal 3(4.1%) 0(0.0%)
0205
« 2meals 63 (86.3%) 8(72.7%)
 3meals 7(9.6%) 3(27.3%)
Do you take snacks between regular meals?
« Never 2(27%) 0(0.0%)
« Rarely 6(8.2%) 0(0.0%)
0.672
« Sometimes 47 (64.4%) 7(63.6%)
« Most of the time 16 (21.9%) 4(36.4%)
. Always 2(27%) 0(0.0%)
Do you skip meals?
« Never 9(12.3%) 3(27.3%)
« Rarely 2(27%) 0(0.0%) 0.460
« Sometimes 57 (78.1%) 8(72.7%)
« Most of time 5(6.8%) 0(0.0%)
Which meal do you normally skip?
+ Breakfast 6(9.1%) 0(0.0%)
0307
« Lunch 24(36.4%) 5(62.5%)
« Dinner 36 (54.5%) 3(37.5%)
How frequently do you skip your meals?
« Never 7(9.6%) 3(27.3%)
« Rarely 5(6.8%) 0(0.0%)
0378
+ Sometimes 44/(60.3) 7(63.6%)
« Mostof time 16 (21.9%) 1(9.1%)
. Always 1(14%) 0(0.0%)
Do you eat junk/street food
« Never 5(6.8%) 0(0.0%)
« Rarely 6(8.2%) 2(18.2%) 0623
« Sometimes 35 (47.9%) 5(45.5%)
« Mostof time 27 (37.0%) 4(36.4%)
Food cravings
Have you ever experienced cravings for any non-food items? e.g., mud, chalk, paper, coal etc.
. Yes 3(41%) 1(9.1%) 0470
« No 70 (95.9%) 10 (90.9%)
1f yes, what is the craving for?
« Mud/clay 3(100%) 0(0.0%) 0046*
« Chalk 0(0.0%) 1(100%)
Food security
Do you have enough food at home to eat each day?
« Never 2(27%) 0(0.0%)
« Rarely 1(1.4%) 0(0.0%)
+ Sometimes 8(11.0%) 1(9.1%) 0216
« Mostof time 36 (49.3%) 2(18.2%)
. Always 26 (35.6%) 8(72.7%)
Have you ever had any food shortage in the house in the last year?
« Never 46 (63.0%) 9 (81.8%)
« Rarely 14(19.2%) 0(0.0%) 0424
« Sometimes 12(164%) 2(18.2%)
« Mostof time 1(1.4%) 0(0.0%)
Doall household members have the same number of meals?
- Yes 71(97.3%) 11(1000%) 010
+ No, Males have more 227%) 0(0.0%)
Doall Household members eat together at mealtimes?
. Yes 66 (90.4%) 11(100.0%)
0563
« No, Females eat first 1(1.4%) 0(0.0%)
« No, Males cat first 6(8.2%) 0(0.0%)
Doall the household members have the
same quantity of food?
- Yes 69 (94.5%) 11(100.0%) o
« No, Males have more 4(5.5%) 0(0.0%)

“Means that the values were statisicaly significant.p-values of <0.05 were considered to be statisicaly significant.
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BMI categories

Socio-demographic variables Underweight Normal BMI

(n=73) (n=11)
Family size (Mean + SD) 77426 71818 0432
Number of siblings (Mean £ SD) 43219 39:15 0486
Father’s monthly income (Mean  SD) 20305 £ 8491 26400+ 7,893 0127
Father’s occupation type
« Private employee 45(61.6%) 5(45.5%)
+ Self employed 18 (24.7%) 5(45.5%) 0520
+ Government employee 8(11.0%) 109.1%)
+ Unemployed 227%) 0(0.0%)

House ownership
+ Rented 9(123%) 2(18.2%) 0592
« Owned 64(87.7%) 9 (81.8%)

Housing structure

« Kacha 8(11.0%) 1(9.1%)

059
« Pacca 59 (80.8%) 10(90.9%)
« Katcha Pacca 6(8.2%) 0(0.0%)
Water supply
+ Piped water 65 (89.0%) 10(90.9%)
« Natural spring 1(1.4%) 0(0.0%)
« Well water 5(68%) 1(9.0%) 0971
« Common water tank 1(1.4%) 0(0.0%)
« Canal/river 1(1.4%) 0(0.0%)
Where do you go to defecate?
+ Household latrine 50 (68.5%) 10 (90.9%) 0125
« Other latrine 23 (31.5%) 1(9.1%)
Do you have birds/animals in the house?
. Yes 34 (46.6%) 5(45.5%) 0945
.« No 39 (53.4%) 6(54.5%)
Do you have tele
. Yes 56 (76.7%) 8(72.7%) 0772
« No 17(23.3%) 3(27.3%)
Do you have any transport vehicle at home?
.« No 11(15.7%) 0(0.0%)
+ Yes, Motorcycle 49 (70.0%) 9(90.0%) 0.366
« Yes, Car 4(5.7%) 1(10.0%)
« Yes. Cycle 6(8.6%) 0(0.0%)
Father’s education
+ Not able to read or write 23 (31.5%) 2(18.2%)
« Less than primary 28 (38.4%) 6(54.5%) 0529
« Primary 16 (21.9%) 3(27.3%)
+ Secondary 6(8.2%) 0(00)
Mother's education
« Not able to read or write 43 (58.9%) 6(54.5%)

0949

+ Less than primary 23 (31.5%) 4(36.4%)

« Primary 7(9.6%) 19.1%)
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Malnutrition-related symptoms Overall
(n = 84)
How satisfied are you with your current health?
« Not atall Satisfed 1(1.2%)
« Slightly Satisfied 5(6.0%)
+ Somewhat Satisfied 18 (21.4%)
+ Moderately Satisfied 32(38.1%)
« Extremely Satisfied 28(33.3%)
Do you experience Cramps in your legs?
« Never 19 (22.6%)
« Rarely 5(6.0%)
+ Sometimes 41 (48.8%)
« Most of time 18 (21.4%)
« Always 1(1.2%)
Do you get breathless while walking/working/climbing stai
+ Never 33(39.3%)
« Rarely 9(10.7%)
« Sometimes 36 (42.9%)
+ Most of time 6(7.1%)
« Always 0(0%)
Do you get constipated?
« Never 68 (81.0%)
+ Rarely 10 (11.9%)
+ Sometimes 6(7.1%)
Do you have small/dry stools?
« Never 68 (81.0%)
+ Rarely 15.(17.9%)
+ Sometimes 1(1.2%)
Do you pass worms in your stools?
« Never 71(84.5%)
+ Rarely 6(7.1%)
+ Sometimes 7(8.3%)
Have you noticed any recent changes to your skin, eyes or mouth?
o Yes 59 (70.2%)
- No 25 (29.8%)
If yes, what type of changes?
« Nail Discoloration 1(1.4%)
+ Dry Hair 5(.1%)
« Hairloss 45 (63.4%)
« Early Graying of hair 9(12.9%)
« Skin Itching 20 (28.6%)
« EyeDryness 4(5.7%)
+ Mouth Uleers 12(17.1%)

Acne 13(18.6%)
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Variables Overall
(n=84)

Dietary patterns

Do you think that you have a good appetite?

o Yes

.« No

How many meals do you have daily?

« Imeal

« 2meals

« 3meals

Do you take snacks between regular meals?

« Never

Rarely

Sometimes

Most of the time

Always

Do you skip meals?

« Never

« Rarely

« Sometimes

+ Most of time

Which meal do you normally skip?

« Breakfast

+ Lunch

« Dinner

How frequently do you skip your meals?
+ Never

+ Rarely

« Sometimes

+ Most of time

. Always

Do you eat junk/street food

« Never

+ Rarely

+ Sometimes

+ Most of time

Food preferences

Are there any foods you would like to eat more?
. Yes

« No

What foods would you like to eat more?

« Meat (CI

en, Beef, Mutton and fish)

Dairy Products

Cereals (wheat,rice, potatoes, Corns)

. Eggs

Vegetables

Pulses

Fruits

Junk Food
. Sweets

Have you ever experienced cravings for any non-food items? e.g., mud, chalk, paper, coal etc.
- Yes

« No

If yes, what is the craving for?

« Mud/clay

+ Chalk

Food security

Do you have enough food at home to eat each day?

+ Never

+ Rarely

+ Sometimes

+ Most of time

. Alvays

Have you ever had any food shortage in the house in the last year?
« Never

« Rarely

+ Sometimes

« Most of time

. Alvays

Do all household members have the same number of meals?
o Yes

« No, Females have more

+ No, Males have more

Do all Household members eat together at mealtimes?

- Yes

+ No, Females eat first

+ No, Males eat first

Do all the household members have same quality of food?

. Yes

+ No, Females have more

« No, Males have more

72 (85.7%)

12(14.3%)

3(3.6%)
71 (84.5%)

10 (11.9%)

2(24%)
6(7.1%)
54 (64.3%)
20 (23.8%)
2(24%)

12(14.3%)
2(24%)
65 (77.4%)

5(6.0%)

6(8.1%)
29(39.2%)
39 (52.7%)

10 (11.9%)
5(6.0%)
51(60.7%)
17(20.2%)
1(1.2%)

5(6.0%)
8(9.5%)
40 (47.6%)

31(36.9%)

83 (98.8%)

1(1.2%)

59 (70.2%)
18 (21.4%)
61(73.5%)
42 (50%)
53 (63.1%)
29 (34.5%)
61(72.6%)
26(31.0%)

40 (47.6%)

4(4.8%)

80(95.2%)

3(75.0%)

1(25.0%)

2(24%)
1(1.2%)
9 (10.7%)
38 (45.2%)

34(40.5%)

55 (65.5%)
14 (16.7%)
14(16.7%)
1(1.2%)

0(0%)

82(97.6%)
0(0%)

2(24%)

77 (91.7%)
1(1.2%)
6(7.1%)

80(95.2%)
0(0%)

4(4.8%)
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Variables

Age of respondent

Age of menarche

School year

« Mean

+ Minimum

+ Maximum

Family size

+ Mean

« Minimum

« Maximum

Total adults (>18 years)
+ Total mean

« Males mean

+ Females mean

Total children (<18 years)
+ Total mean

+ Males mean

« Females mean

Total siblings

+ Total mean

« Males mean

+ Females mean

Mid upper arm circumference (cm)
Height (cm)

Weight (cm)

BMI (kg/em?)

BMI categories.

Underweight (<18.5)

Normal (18.5-24.9)

Height for age (z-score)

BMI for age (2 score)
Father's/guardian’s occupation

+ Shop keeper

Driver

Guard

Daily wager

Employee

Unemployed

Father's occupation type
« Selfemployed

« Private employee

+ Government employee

+ Semi government

Family monthly income (PKR)

+ Minimum

+ Maximum

Are you given any money for your personal expenses each month?
« Never

+ Rarcly

Sometimes

Monthly

Always

Ifyes, how much (o average)? (PKR)

« Minimum

+ Maximum

House ownership

+ Rented

+ Owned

Housing structure

« Kacha

- Pacaa

+ Katcha Pacca

Water supply

« Piped water

+ Natural spring

o Well water

+ Common water tank

+ Canalfriver

Where do you go to defecate?

+ Household latrine

+ Other latrine

What type of fuel your household mainly uses for cooking?
« Cylinder gas

- Suigas

« Straw/shrubs/grass/wood

Do you have birds/animals in the house?
o Yes

- No

Do you use products of your own animals in the house?
o Yes

- No

Do you have television at home?
- Yes

- No

Do you have any transport vehicles at home?
- No

« Yes, Motorcycle

« Yes, Car

. Yes, Cycle

Father’s education

+ Not able to read or write

« Less than primary

+ Primary

+ Secondary

Mother’s education

+ Not able to read or write

+ Less than primary

« Primary

125410

118421

612406

3017
15£10

14£08

198424
1439481
344469

164422

73 (86.9%)
11(13.1%)
~162£089

~118 105

14(17.1%)
14 (17.1%)
2(24%)
9 (11.0%)
43 (52.4%)
2(24%)

50 (59.5%)
23 (27.4%)
9(107%)
2/(24%)
20781 £8,547
5000

40,000

1(1.2%)
2/(24%)
42 (50.6%)
2327.7%)
15 (18.1%)
203168
0
100

11(13.1%)

73 (86.9%)

9(107%)
69 (82.1%)
6(7.1%)

75 (89.3%)
1(1.2%)
6(7.1%)
1(1.2%)

1(1.2%)

60 (71.4%)

24(28.6%)

8(9.5%)
74 (88.1%)

61 (72.6%)

39 (46.4%)
45 (53.6%)

25 (29.8%)

59 (70.2%)

64 (76.2%)

20 (23.8%)

11(28.9%)
58 (72.5%)
5(63%)

6(7.5%)

25(29.8%)

34 (40.5%)
19 (22.6%)
6(7.1%)

49 (58.3%)
27(32.1%)

8(9.5%)





OPS/images/fnut-11-1510183/crossmark.jpg
©

2

i

|





OPS/images/fnut-11-1520639/fnut-11-1520639-t003.jpg
Periodontitis Adjusted OR p-value

(95% ClI)

Fitting by standard linear model 043 (0.24,0.78) 0.0057

Fitting by two-piecewise linear

model*

Turning point (248 mmol/L)

Calcium<2.48 mmol/L 0.31(0.16,0.63) 0.0012
Calcium>2.48 mmol/L 240 (0.31,18.48) 03997
LRT test 0094

*“Adjusted by age, sex, race, educational level, marital status, PIR, smoking status, alcohol
intake, hypertension, diabetes, BMI, TC, TG, HDL-C, ALT, AST, BUN, SUA, and SCr. OR,
odds ratio; CI, confidence interval; LRT, Logarithm likelihood ratio.
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Quartile of calcium

Quartile 1 Quartile 2 Quartile 3 Quartile 4 p for trend
Range (mmol/L. <23 IS 2455] 2.35-24 >24
Model 1 1.0 [Reference] 0.93(082,105)02442  0.88(0.78,1.00)00541  0.95(0.85,1.07) 0.3958 09772
Model 2 1.0 [Reference] 092(0.80,106)0.2495  0.83(0.73,0.95) 0008 0.85(0.75,097) 0.0151 00297
Model 3 1.0 [Reference] 0.95(082,110) 04783 0.84(0.72,097)00195  0.82(0.71,095) 0.0083 0.0057

Model 1 included no covariate adjustments. Model 2 adjusted for age, gender, and race, while Model 3 included a more comprehensive adjustment for factors such as age, sex, race, educational
level, marita status, PIR, smoking status, alcohol intake, hypertension, diabetes, BMI, TC, TG, HDL-C, ALT, AST; BUN, SUA, and SCr. O, odds ratio; CI, confidence interval; PIR, family
poverty-to-income ratio; BMI, body mass index; T, total protein; TC, total cholesterol; TG, riglycerides; HDL-C, high-density lipoprotein cholesterol; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; BUN, blood urea nitrogen; SUA, serum uric acid; SCr, serum creatinine.
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AELELIES Overall Muscular dystrophy Muscular non-

N=4172 N =320 dystrophy
N=3,852
Age [mean (SD)] 384 (115) 427 (119) 380 (114) <0.001
Gender 0977
Female 1835 (44.0%) 140 (43.8%) 1,695 (44.0%)
Male 2,337 (56.0%) 180 (56.2%) 2,157 (56.0%)
Education <0.001
Below high school 696 (167%) 84(26.2%) 612 (159%)
High School or above 3476 (83.3%) 236 (73.8%) 3,240 (84.1%)
Race <0.001
Mexican American 645 (15.5%) 125(39.1%) 520 (135%)
Non-Hispanic Black 829 (19.9%) 16 (5.00%) 813 (21.1%)
Non-Hispanic White 1775 (425%) 104 (32.5%) 1,671 (43.4%)
Others 923 (22.1%) 75 (23.4%) 848 (22.0%)
Marital status 0438
No 1,656 (39.7%) 120 (37.5%) 1,536 (39.9%)
Yes 2516 (60.3%) 200 (62.5%) 2316 (60.1%)
Poverty Income Ratio [mean
) 238 (1.58) 204(142) 240(1.59) <0.001
Cancer 0.006
No 4,010 (96.1%) 298 (93.1%) 3712 (96.4%)
Yes. 162 (3.88%) 22(6.88%) 140 (3.63%)
Hypertension <0.001
No 3,168 (75.9%) 211(65.9%) 2957 (76.8%)
Yes. 1,004 (24.1%) 109 (34.1%) 895 (23.2%)
High cholesterol <0.001
No 3,188 (76.4%) 209(65.3%) 2979 (77.3%)
Yes 984 (23.6%) 111 (34.7%) 873 (22.7%)
Diabetes <0.001
No 3,813 (91.4%) 258 (80.6%) 3,555 (923%)
Yes 359 (8.60%) 62(19.4%) 297 (7.71%)
OBS [mean (SD)] 200 (7.44) 20.1(7.44) 184 (7.25) <0.001
Dietary OBS (mean [SD]) 163 (7.15) 164 (7.16) 15.1(694) 0002
Lifestyle OBS (mean [SD]) 366 (1.40) 370 (1.40) 326 (1.37) <0001

SD, standard deviation; OBS, oxidative balance score.
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Variables Oxidative balance score

Q2 Q3
N=1,014 190
Muscular dystrophies 001
No 893 (90.7%) 927 (91.4%) 1,104 (92.8%) 928 (94.4%)
Yes 92(9.34%) 87 (8.58%) 86 (7.23%) 55 (5.60%)
Age [mean (SD)] 376 (115) 390(116) 386 (114) 381(115) 003
Gender 0055
Female 443 (45.0%) 466 (46.0%) 530 (44.5%) 396 (40.3%)
Male 542 (55.0%) 548 (54.0%) 660 (5.5%) 587 (59.7%)
Education 0.001
Below high school 202 (20.5%) 174(17.2%) 174 (146%) 146 (149%)
High School or above 783 (79.5%) 840 (82.8%) 1,016 (85.4%) 837 (85.1%)
Race <0.001
Mexican American 106 (10.8%) 143 (14.1%) 202(17.0%) 194 (19.7%)
Non-Hispanic Black 259 (26.3%) 224(22.1%) 198 (16.6%) 148 (15.1%)
Non-Hispanic White 415 (421%) 423 (41.7%) 522 (43.9%) 415 (42.2%)
Others 205 (20.8%) 224 (22.1%) 268 (22.5%) 226 (23.0%)
Marital status <0.001
No 472 (47.9%) 395 (39.0%) 439 (36.9%) 350 (35.6%)
Yes 513(52.1%) 619.(61.0%) 751 (63.1%) 633 (64.4%)
Rorerylncame saio (mewn 202(1.49) 246 (159) 251(159) 249(159) <0001
(SD)]
Cancer 0.135
No 936 (95.0%) 976 (96.3%) 1,154 (97.0%) 944 (96.0%)
Yes 19 (497%) 38 (3.75%) 36 (3.03%) 39 (3.97%)
Hypertension 001
No 727 (73.8%) 750 (74.0%) 910 (76.5%) 781 (79.5%)
Yes 258 (26.2%) 264 (26.0%) 280 (23.5%) 202(205%)
High cholesterol 001
No 786 (79.8%) 752 (74.2%) 890 (74.8%) 760 (77.3%)
Yes 199 (20.2%) 262 (25.8%) 300 (25.2%) 223 (22.7%)
Diabetes 0.064
No 899 (91.3%) 908 (59.5%) 1,094 (91.9%) 912(92.8%)
Yes 86 (8.73%) 106 (10.5%) 96 (8.07%) 71(7.22%)

SD, standard deviation.
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Muscular Odds ratio (95%Cl); p-value

dystrophies

Crude model Model 1 Model 2 Model 3
0.95 (094, 094092, 0.95 (093, 095 (093,
Continuous <0.001 <0.001 <0001 <0.001
097) 0.96) 0.97) 0.97)
Q 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
0.84 (059, 075051, 0.83 (038, 084 (058,
Q 0341 0125 0316 0359
1.20) 1.08) 1.20) 122)
0.67 (047, 055038, 0.62 (043, 0.64 (044,
@ 0.029 0.002 0014 0025
0.96) 0.80) 0.91) 094)
0.42 (026, 033021, 037 (023, 0.38 (024,
Q4 <0.001 <0.001 <0.001 <0.001
0.66) 052) 058) 0.60)
pfortrend <0.001 <0.001 <0.001 <0.001

The OBS was converted from a continuous variable to a categorical variable (quartiles). Data are presented as OR (95% C1). Crude model was adjusted with no covariates. Model 1 was adjusted
for age, gender, and race. Model 2 included additional adjustments for education level, marital status, and PIR. Model 3 further adjusted for hypertension, high cholesterol, cancer, and
diabetes.
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Partipants from NHANES 2011-2018

N=39156
Age<8, N=7918;
s
Age>59, N=7683,
v
Missing Dual-cnergy X-ray Absorptiometry data Remaining sample size
N=23555

(four limbs' Lean exelude bone mineral content)
1. Left Arm, N=4470;
2. Left Leg, N=601;
3. Right Arm, N=368;

4. Right Leg, N=190. pr——— ———
Netoss Missing Oxidative Balance Score data
1. Body mass index, N=47;
— 2. Physical activity, N=11732;
! 3. Cotinine, N=296;
. = 4. Dietary component, N=190.
Remaining sample size
N=5661
Missing Disease history data
1. Hypertension, N=4; Missing Demographics data
2. High Cholesterol, N=21 f————— 1. Education level, N=1163;
3. Diabetes, N=2; 2. Poverty income ratio, N=298.
4. Cancer, N=1
v

Participants included in this study
N=4172
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Subgroup P for interaction

Gender
Male
Female

Race
Mexican American
Non-Hispanic Black
Non-Hispanic White
Others

Education
Below high school
High School or above

Marital status
No
Yes

Hypertension
No
Yes

High Cholesterol
No
Yes

Diabetes
No
Yes

Odds ratio(95%CI) P Value

039
0972(0.952-0992)
0.965 (0.943 - 0.989)
0517
0974 (0,948 - 1.000)
0.898 (0.827-0975)
0942 (0.916 - 0.968)
0952(0.921 - 0.984)
0230
0995 (0,965 - 1.025)
0.963 (0.945 - 0.980)
0559 0971 (0.947-0996)
0967 (0.947-0.986)
0279
0.836 (0,750 ~0.932)
| 08930602 1325)
0357
0972 (0.954 - 0.991)
0.967(0.940 - 0.995)
0499
0.968 (0.950 - 0.986)
0.968 (0.942 - 0.996)
0617
0967 (0.951 - 0.984)
0.984 (0.947 - 1022)
r T T T T 1
05 0.7 1.1 £ 13 15

0.006
0.004

0.054
0010
<0001
0.003

0735
<0001

0021
0.001
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Characteristic Low HGS defined, N = Normal HGS defined, N = p-value®

1115 24°
Age group
<75years 76 (68%) 23 (96%) 0.006
>=75years 35 (32%) 1(4.2%)
Gender
Women 55 (50%) 13 (54%) 068
Men 56 (50%) 11 (46%)
BMI
038
Mean (SD) 277 (6.0) 287 (5.0)
Occupation
Employed 24 (22%) 11(46%) 0014
Unemployed 87 (78%) 13 (54%)
Educational level
terate 38 (34%) 3(13%)

Middle school 13.(12%) 407%)

0.002

Primary school 22(20%) 1(42%)

Secondary school 26 (23%) 6(25%)

Tertiary education 12(11%) 10 (42%)

Marital status

Divorced 4(36%) 3(13%)

Married 77 (69%) 16.(67%) 033

Single 6(5.4%) 1(4.2%)

Widowed 24 (22%) 407%)

Smoker 27 (24%) 9(38%) 0.19
Diabetes mellitus 78 (70%) 16.(67%) 073
Hypertension 82(74%) 15 (63%) 0.26
Dyslipidemia 40 (36%) 13 (54%) 0.10
Cardiac disease 54 (49%) 5(21%) 0013
Cerebrovascular disease 24 (22%) 5(21%) 093
Kidney disease 26 (23%) 1(4.2%) 0045
Osteoarthritis 119.9%) 3(13%) 071
Depression 6(5.4%) 0(0%) 059
Falls 4(3.6%) 3(13%) o1
Cancer 30 (27%) 8(33%) 053
Others 68 (61%) 16.(67%) 0.62
Polypharmacy 49 (44%) 6(25%) 0083
MNA-SF Malnourished 18 (16.2%) 1(42%) 0110
MNA-SF at risk of malnutrition 43 (38.7%) 7(29.2%)

MNA-SE normal nutritional status 50 (45.0%) 16/(66.7%)

n (%).
"Pearson's Chi-squared test; Welch two-sample -test; Fisher’ exact test.
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haracteristic Low HGS Normal  p-value®

defined, HGS
N=111 defined,
N=24
Hemoglobin 0.001
Mean (SD) 10.34 (203) 1270 (2.06)
WBC 024
Mean (SD) 9.4(41) 86(27)
Lymphocytes 0.040
Mean (SD) 183 (0.94) 2.33(1.06)
Creatinine 0.004
Mean (SD) 122(125) 82061
BUN 0.007
Mean (SD) 20 6(4)
CRP 0.007
Mean (SD) 31(8) 861)
HbAlc 0029
Mean (SD) 7.35 (261) 5.83(3.02)
Total cholesterol 074
Mean (SD) 3.24 (2.00) 307 (238)
Triglyceride 070
Mean (SD) 132(0.98) 1.22(1.15)
Total protein 0.60
Mean (SD) 70(9) 70(7)
Albumin 0,093
Mean (SD) 367 (67) 390(58)
Vitamin D 0.60
Mean (SD) 39(35) 33(52)
Vitamin B12 0.042
Mean (SD) 297 (327) 181 (224)

“Welch Two Sample f-test.
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unit increase)

HbAlc (per
each unit

increase)

p-

value
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Participants who completed the questionnaire on Kidney
‘Conditions in NHANES2005-201$(N-39749)

N-16820

19250 male

2983 missing Ul data
17 missing SUI data
10 missing UUI data
664 missing MDS data

Correlation between MDS and Ul(participants=16197/U1
cases-6881)

N-16197

Excluded 553 pregnants and
79 unable to do activity

Neaso7

Excluded 34 missing os daa and

19296 non-Ul paricipants

1 of MDS with all-cause mortaliy among.
individuals with OAB(participants=G6867/all-cause
deaths=767)
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CVD mortality

HR (95% CI) P-value P interaction
Lower PNI (<46.5) Higher PNI (>46.5)

Age 0.7034
<60 1 0.19 (0.04, 0.85) 0.0291
260 1 0.37 (0.26, 0.52) <0.0001

Gender 0.2231
Male 1 031 (0.20, 0.47) <0.0001
Female 1 038 (021, 0.70) 0.0020

Smoking 0.4791
Never 1 0.18 (0.10, 0.31) <0.0001
Former 1 052 (030, 0.90) 0.0185
Current 1 024 (0.08, 0.75) 0.0138

Drinking 0.7344
No 1 038 (0.25, 0.57) <0.0001
Yes 1 034 (0.17, 0.65) 0.0012

COPD 0.2802
No 1 039 (0.27, 0.58) <0.0001
Yes 1 0.22 (0.10, 0.46) <0.0001

BMI 0.7636
<25 1 0.18 (0.07, 0.46) 0.0004
2530 1 032 (0.15, 0.66) 0.0020
>30 1 043 (027, 0.66) 0.0002

Hypertension 0.885
Yes 1 0.37 (0.25, 0.55) <0.0001
No 1 030 (0.14, 0.63) 0.0015

Variables of age, gender, race, education, marital status, FIR, family income-to-poverty ratio (FIR), smoking, drinking, BMI, COPD, hypertension, eGER, HbA1C, TG and TC were adjusted in
subgroup analysis and interaction test. BMI, body mass index, FIR, family income-to-poverty ratio; COPD, chronic obstructive pulmonary disease; DM, diabetes.
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All-cause mortality

HR (95% CI) P-value P interaction
Lower PNI (<46.5) Higher PNI (>46.5)

Age 0.1260
<60 1 022 (0.10, 0.49) 0.0002
260 1 052 (0.42, 0.65) <0.0001

Gender 0.0814
Male 1 041 (0.32, 0.54) <0.0001
Female 1 0.60 (0.42, 0.84) 0.0032

Smoking 0.6780
Never 1 041 (0.29, 0.58) <0.0001
Former 1 049 (0.37, 0.65) <0.0001
Current 1 0.42 (0.22, 0.79) 0.0066

Drinking 0.8428
No 1 048 (0.38, 0.62) <0.0001
Yes 1 052 (0.36, 0.75) 0.0004

COPD 0.9736
No 1 049 (0.39, 0.61) <0.0001
Yes 1 0.46 (0.30, 0.70) 0.0004

BMI 0.7123
<25 1 035 (0.20, 0.63) 0.0004
2530 1 048 (032, 0.72) 0.0004
230 1 047 (0.36, 0.61) <0.0001

Hypertension 0.9265
Yes 1 050 (0.40, 0.63) <0.0001
No 1 049 (0.31, 0.78) 0.0027

Variables of age, gender, race, education, marital status, FIR, family income-to-poverty ratio (FIR), smoking, drinking, BMI, COPD, hypertension, eGER, HbA1C, TG and TC were adjusted in
subgroup analysis and interaction test. BMI, body mass index, FIR, family income-to-poverty ratio; COPD, chronic obstructive pulmonary disease; DM, diabetes.
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Crude model

HR (95% CI) P-value

Model 1

HR (95% Cl) P-value

Model 2
HR (95% Cl) P-value

all-cause mortality

PNI

PNI categorical
<46.5 (lower PNI)
246.5 (higher PNI)

CVD mortality

PNI

PNI categorical
<46.5 (lower PNI)

246.5 (higher PNI)

Crude Model, unadjusted;
Model 1, adjusted for age and gender;

Model 2, adjusted for age, gender, race, education, marital status, FIR, family income-to-poverty ratio (FIR), smoking, drinking, BMI, COPD, hypertension, eGFR, HbA1C, TG and TC.

0.93 (0.91, 0.95) <0.0001

1

0.38 (0.31, 0.45) <0.0001

0.90 (0.88, 0.93) <0.0001

1

0.28 (0.21, 0.38) <0.0001

0.94 (0.92, 0.96) <0.0001

1

0.41 (0.34, 0.50) <0.0001

0.91 (0.88, 0.94) <0.0001

1

0.31 (0.23, 0.43) <0.0001

0.95 (0.94, 0.97) <0.0001

1

0.49 (0.40, 0.60) <0.0001

0.93 (0.90, 0.96) <0.0001

1

0.36 (0.26, 0.50) <0.0001
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Uric acid, umol/L 356.90 (291.50-428.30) 37470 (285.50-446.10) 356,90 (291.50-422.30) 0.004
Albumin, g/L 41.00 (38.00-43.00) 37.00 (35.00-39.00) 41.00 (40.00-43.00) <0.001
FINS, pmol/L 131.39 (77.46-131.39) 131.39 (60.06-131.39) 131.39 (80.22-131.39) 0.084
FPG, mmol/L 8.18 (7.16-8.18) 8.18 (6.77-8.18) 8.18 (7.22-8.18) 0.667
Serum potassium, mmol/L 4.11 (3.90-4.40) 4.20 (3.90-4.50) 4.10 (3.90-4.40) <0.001
Serum sodium, mmol/L 139.00 (138.00-141.00) 139.00 (137.00-141.00) 139.00 (138.00-141.00) 0.952
Serum iron, umol/L 13.10 (10.00-16.70) 1140 (8.85-15.15) 13.40 (10.40-17.00) <0.001
BUN, mmol/L 607 (4.64-8.21) 7.14 (5.00-10.71) 5.71 (4.28-7.85) <0.001
AST (IU/L) 22,00 (18.00-27.00) 2000 (17.00-26.00) 23.00 (19.00-28.00) 0.084
ALT(IU/L) 20,00 (15.00-27.00) 17.00 (14.00-22.00) 21.00 (16.00-28.00) 0423

TBil, umol/L 10.26 (8.55-13.68) 10.26 (6.84-13.68) 10.26 (8.55-13.68) 08
GGT (IU/L) 24.00 (17.00-38.00) 2250 (16.00-45.00) 24.00 (17.00-36.50) 0.041

Data are presented as Median (Q1-Q3). eGFR, estimated glomerular filtration rate; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; TC, Total
cholesterol; TG, Triglycerides; Scr, , serum creatinine; LDH, lactate dehydrogenase; FINS, Fasting serum insulin; EPG, fasting plasma glucose; BUN, Blood urea nitrogen; AST, Aspartate
aminotransferase; ALT, Alanine Aminotransferase; TBil, total bilirubin; GGT, y-glutamyl transpeptidase.
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Variables otal wer PNI (<46.5) Higher PNI (>46.5)
N 1509 298 1211
Age 68.00 (60.00-76.00) 71.00 (63.00-79.75) 67.00 (60.00-75.00) <0.001
Age categorical <0.001
<60 332 (22.00%) | 40 (13.42%) 292 (24.11%)
260 1177 (78.00%) 258 (86.58%) 919 (75.89%)
Gender 0.372
Male 860 (56.99%) 163 (54.70%) 697 (57.56%)
Female 649 (43.01%) 135 (45.30%) 514 (42.44%)
Race 0.156
Mexican American 186 (12.33%) 35 (11.74%) 151 (12.47%)
Other Hispanic 130 (8.61%) 21 (7.05%) 109 (9.00%)
Non-Hispanic White 717 (47.51%) 142 (47.65%) 575 (47.48%)
Non-Hispanic Black 371 (24.59%) 86 (28.86%) 285 (23.53%)
Other Race 105 (6.96%) 14 (4.70%) 91 (7.51%)
Education 0.201
Less than high school 509 (33.73%) 113 (37.92%) 396 (32.70%)
High school or equivalent 382 (25.31%) 74 (24.83%) 308 (25.43%)
College or above 618 (40.95%) 111 (37.25%) 507 (41.87%)
BMI 31.44 (27.50-36.00) 31.71 (27.63-35.76) 31.40 (27.50-36.02) 0.929
BMI categorical 0.491
<25 191 (12.66%) 40 (13.42%) 151 (12.47%)
25-30 416 (27.57%) 74 (24.83%) 342 (28.24%)
230 902 (59.77%) 184 (61.74%) 718 (59.29%)
FIR 1.79 (1.03-2.82) 1.84 (1.11-2.45) 1.79 (1.02-2.96) 0.923
FIR categorical 0.008
<=10 355 (23.53%) 59 (19.80%) 296 (24.44%)
1.0-3.0 801 (53.08%) 182 (61.07%) 619 (51.11%)
230 353 (23.39%) 57 (19.13%) 296 (24.44%)
Drinking <0.001
No 841 (55.73%) 194 (65.10%) 647 (53.43%)
Yes 668 (44.27%) 104 (34.90%) 564 (46.57%)
Smoking 0.065
Never smoker 606 (40.16%) 108 (36.24%) 498 (41.12%)
Former smoker 644 (42.68%) 145 (48.66%) 499 (41.21%)
Current smoker 259 (17.16%) 45 (15.10%) 214 (17.67%)
Hypertension 0.258
Yes 1221 (80.91%) 248 (83.22%) 973 (80.35%)
No 288 (19.09%) 50 (16.78%) 238 (19.65%)
COPD 0.002
No 1211 (80.25%) 220 (73.83%) 991 (81.83%)
Yes 298 (19.75%) 78 (26.17%) 220 (18.17%)
Diabetes 1213 (80.38%) 261 (87.58%) 952 (78.61%) =
Prediabetes 296 (19.62%) 37 (12.42%) 259 (21.39%) -

Date are presented as Median (Q1-Q3) or n (%). BMI, body mass index; FIR, family income-to-poverty ratio; COPD, chronic obstructive pulmonary disease.
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Variable Number Frequency

(%)
Age group <75 9 733%
>=75 36 26.7%
Gender Women 68 50.4%
Men 67 49.6%
Occupation Employed 35 259%
Unemployed or 100 741%
retired
Educationallevel | literate 1 304%
Primary school 23 17%
Middle school 17 126%
Secondary 3 27%
school
Higher 2 163%
education
Marital status Married 9 68.9%
Single 7 52%
Widowed 28 207%
Divorced 7 520
BMI Underweight 6 44%
Healthy weight 36 267%
Overweight 52 385%
Obesity 4 304%
Smoking Yes 36 26.7%
No 9 733%
Diabetes Mellitus ~ Yes 94 69.6%
No 4 304%
Hypertension Yes 97 719%
No 38 281%
Dyslipidemia Yes 5 393%
No 82 607%
Cardiac discase Yes 59 537%
No 76 563%
Cerebrovascular | Yes 2 215%
disease No 106 785%
Kidney disease Yes 27 20%
No 108 80%
Osteoarthritis Yes 14 10.4%
No 121 89.6%
Depression Yes 6 4%
No 129 95.6%
Falls Yes 7 520
No 128 94.8%
Cancer Yes 38 281%
No 97 719%
Others Yes 84 622%
No st 37.8%
Polypharmacy Yes 55 107%
(>=5 medications) | yo 80 593%

BMI, body mass index.
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NHANES 2005-2018

(n=70, 190)
Excluded:

* Paricipants without CVD (n=65, 742)
* Paricipants without diabetes or pre-diabetes
(n=2, 590)

Paricipants with complete information on PNI, CVD,
and diabetes or pre-diabetes (n=1, 858)

Excluded:
e W.ith no data for survival or blood routine

examination (n=183)
 With no data for education or biochemical test
(n=56)
* Lacking adequate data for the components of
OBS, CDAI, DIl (n=110)
Final paricipants screened for analysis
(n=1, 509)
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Variables Categories Adherence COR (95% CI)  AOR (95% CI)

Yes

Family history of DM No 203 107 1 1

Yes 52 1 161(107-2.15) 1.58(1.06-2.10) 0.001%
Presences of No 143 81 1
comorbidities Yes 12 70 110(102-118) 1.08(1.02-1.14) 0004
Duration of the <=5 126 61 1 1
diagnosis >5 129 %0 1.44(1.08-1.80) 1.46(1.02-1.90) 0.001%
Physical activties Yes us a4 1 1

No 137 107 209(1.23-2.95) 207(087-3.27) 124
Educational status No formal education 2 2 1 1

Primary school 48 37 0.84(0.22-1.46) 0.84(022-1.46) 087

Secondary school 77 a0 067(0.46-1.06) 064(0.25-1.03) 079

College and above 106 52 094(091-0.97) 092(0.78-1.06) 091
Diabetic nutritional No 59 31 1 1
education Yes 19 120 117(1.03-1.97) 1.14(1.04-95) 0.003*

“Statistically significant.
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Variables Categories Frequency Percent

Frequency of Never 198 48.7%
drink containing <2 per day 68 168%
alcohol 2-4 per day 59 14.5%
>4 per day 81 20%
Currently smoke  Yes 59 14.5%
cigarete No 347 85.5%
Doing physical  Yes 162 39.9%

exercise No 244 60.1%
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Variables Categories Frequency Percen

Years of diagnosis for <5 187 46.1%
Diabetes 5 219 53.9%
Comorbid conditions | Yes 182 448%
No 224 55.2%
Family history of DM | Yes 9% 2.6%
No 310 76.4%
Encountered any of | Yes 128 315%
the complications of | No 278 68.5%
DM
Complications of DM | Diabetic foot ulcer 2 18%
encountered Renal diseases 16 12.5%
Eye condition 33 25.8%
Diabetic neuropathy 44 344%
Amputation 2 9.3%
Treatment Oral hypoglycemic 349 86%
medication for DM drugs 57 14%
Both oral

hypoglycemic drugs

and insulin
Diabetes nutritional  Yes 316 77.8%
education No 90 222%
BMI kg/n <185 kg/m2. 2 6.4%

185-24.5 kg/m2. 254 62.5%

24.5-29.5 kg/m2. 66 163%

>30 kg/m2. 60 14.8%
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Variables

Agein years

Sex

Marital status

Religion

Occupation

Educational

status

Houschold
monthly

income

‘Others, Catholic Judith, Wagefata, Adver

Categor

<20
20-40
41-60
>60
Male
Female
Single
Married
Divorced
Widowed

Orthodox
Protestant
Muslim
Others'

Government employee
Private employee
Merchant

Others

No formal learning
Primary school
Secondary school
College and above
<4,000
4,000-8,000
>8,000

Frequency

38
7

123
168

220
186
17
329
34
2

164
142
7
2

12
17
108
6
6
8
17
158
15
204
87

Percel

9.3%
19%
303%
41.4%
542%
45.8%
44%
81%
82%
64%

40.4%
35%
175%
7.1%

27.6%
28.8%
26.6%
17%
114%
209%
28.8%
38.9%
283%
50.2%
215%
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The inflection point of ALI

All-cause mortality

ALI, Per 10U increment

Model 1 Model 2 Model 3
HR (95% ClI) P-value HR (95% CI) P-value HR (95% Cl)  P-value
<56.29 0.65 (058, 0.72) <0.001 081 (0.74, 0.89) <0.001 0.81(0.74,0.89) <0.001
>56.29 1.01(0.99, 1.03) 0.22 1.01(0.99, 1.02) 051 1.00 (0.98, 1.03) 09

ALIL advanced lung cancer inflammation index; HR, hazard ratios; CI, confidence intervals CVD, cardiovascular disease; PIR, poverty income ratio; BMI, body mass index.

Model 1: unadjusted.
Model 2: age, sex, race, PIR, education level, physical activity.
Model 3: model 2 + smoking status, BMI, CVD, diabetes, hypertension, inhaled corticosteroid.
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Variable No. death/total Model 1 Model 2 Model 3

HR (95% Cl)  P-value HR(95%Cl)  P-value HR(95%Cl)  P-value

All-cause mortality

ALL Per 10 U increment 865/6,211 091 (0.87, 0.95) <0.001 0.95(0.92, 0.99) 0.014 0.95 (091, 0.99) 0.01
ALI tertiles

Tl 435/2,070 1 (Ref) 1 (Ref) 1 (Ref)

T2 245/2,070 052 (043, 0.64) <0.001 0.72 (058, 0.90) 0.003 0.68 (0.5, 0.85) <0.001
T3 185/2,071 0.44 (036, 0.54) <0.001 059 (0.47, 0.74) <0.001 053 (0.41, 0.68) <0.001
Pfor trend <0.001 <0.001 <0.001
CVD mortality

ALL Per 10 U increment 259/6,211 089 (0.83, 0.94) <0.001 0.94 (0.89, 0.98) 0.006 0.90 (0.85, 0.96) <0.001
ALI tertiles

T1 127/2,070 1 (Ref) 1 (Ref) 1 (Ref)

T2 78/2,070 0.7 (0.47, 1.05) 0.086 1(0.67, 1.50) 0.992 0.84 (0.5, 1.28) 0.428
T3 54/2,070 045 (031, 0.65) <0.001 0.61 (0.42, 0.88) 0.009 047 (0.31,0.71) <0.001
Pfor trend <0.001 0.021 <0.001

ALIL advanced lung cancer inflammation index; Ref, reference; HR, hazard ratios; CI, confidence interval; CVD, cardiovascular discase; PIR, poverty income ratio; BMI, body mass index.
Model I: unadjusted.

Model 2: age, sex, race, PIR, education level, physical activity.

Model 3: model 2 + smoking status, BMI, CVD, diabetes, hypertension, inhaled corticosteroid.
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Characteristics T1(2.89,52.01) T2(52.01,77.24) T3(52.01,2,186.00)

n=2,070 n = 2,070 n=2,071
n 27,739,218 9,545,823 9,942,045 8,251,349
ALI [median (IQR)] 61.96 (45.81, 82.48) 40.07 (3124, 46.34) 63.36 (57.76, 69.83) 98.32(86.15, 119.52) <0.001
Age (year) (mean, SD) 4532 (16.72) 47.94 (17.85) 4432 (15.88) 4351 (15.96) <0.001
Sex, n (%)
Male 2,642 (41.57) 944 (41.66) 858 (41.67) 840 (41.33) 0.981
Female 3,569 (58.43) 1,126 (58.34) 1212 (58.33) 1231 (58.67)
Race, n (%)
Non-Hispanic White 3,001 (70.63) 1,172 (76.51) 1,076 (73.93) 753 (59.84) <0.001
Non-Hispanic Black 1,460 (11.95) 308 (6.78) 396 (9.44) 756 (20.97)
Mexican American 638 (4.82) 201 (4.35) 226 (4.81) 211 (5.36)
Other Hispanic 570 (5.94) 191 (5.60) 204 (6.01) 175 (6.24)
Other race 542 (6.66) 198 (6.75) 168 (5.81) 176 (7.59)
Poverty income ratio, n (%)
<130 2,228 (25.83) 752 (25.90) 700 (23.09) 776 (29.06) 0.001
131-3.50 2,208 (34.71) 722 (33.52) 723 (34.42) 763 (36.42)
>3.50 1,775 (39.46) 596 (40.58) 647 (42.49) 532 (34.52)
Education level, n (%)
Less than high school 1,437 (15.66) 501 (16.10) 441 (13.49) 495 (17.75) 0.001
High school or equivalent 1,392 (22.67) 491 (24.50) 431 (20.61) 470 (23.06)
Above high school 3,382 (61.67) 1,078 (59.40) 1,198 (65.90) 1,106 (59.19)
Smoke status, n (%)
Never smoker 3,035 (49.37) 913 (45.53) 1,041 (51.11) 1,081 (51.71) 0012
Former smoker 1,646 (26.22) 609 (27.50) 519 (25.52) 518 (25.59)
Current smoker 1,530 (24.41) 548 (26.97) 510 (2337) 472 (22.70)
Physical activity (mean, SD) 676.72 (1,322.10) 644.84 (1,277.90) 642.52 (1,177.93) 754.81 (1,519.33) 0.041
BMI (mean, SD) 29.95(7.83) 26.80 (6.05) 29.92(7.33) 33.63 (8.62) <0.001
CVD, n (%)
No 5,226 (87.52) 1,681 (85.41) 1,781 (89.64) 1,764 (87.40) 0.003
Yes 985 (12.48) 389 (14.59) 289 (10.36) 307 (12.60)
Diabetes, n (%)
No 4,977 (85.70) 1,668 (86.99) 1,670 (85.98) 1,639 (83.87) 0.028
Yes 1,234 (14.30) 402 (13.01) 400 (14.02) 432 (16.13)
Hypertension, n (%)
No 3,339 (60.02) 1,086 (59.68) 1,200 (63.26) 1,053 (56.49) 0.002
Yes 2,872 (39.98) 984 (40.32) 870 (36.74) 1,018 (43.51)
Inhaled corticosteroid, n (%)
No 5,418 (87.75) 1,770 (86.83) 1,815 (87.63) 1,833 (88.95) 030
Yes 793 (12.25) 300 (13.17) 255 (1237) 238 (11.05)

For statistical analysis, continuous variables were presented as mean = standard deviation or median (interquartile range), and categorical variables were expressed as percentages. All measures

were appropriately weighted.

SD, standard deviation; ALI, advanced lung cancer inflammation index; BMI, body mass index; CVD, cardiovascular disease.
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Dietary Event (%) HR (95% ClI)
niacin

intake (mg/ Model 1° p value Model 2° p value Model 3¢ p value
day)

All-cause mortality

Continuous per

10 mpid et 3674 1085(295) | 0.86(0.81-091) <0.001 0.9(084-0.96) 0.001 0.88 (0.81-096) 0,004
Ti(<16.2) 1,225 427 (349) I(Reference) I(Reference) 1(Reference)

T2(16.2-24.3) 1224 372(30.4) 0.90 (079-1.04) 0.15 0.82(0.71-095) 0.007 0.79 (0.68-092) 0.003
T3 (>243) 1225 286(23.3) 0.6 (057-0.77) <0.001 0.71(0.60-0.83) <0.001 0,67 (056-0.82) <0.001
pfortrend <0.001 <0.001 <0001
CVD mortality

Continuous per

10 ingid st 3674 323(8.8) 0,83 (0.74-092) 0.001 0.88(0.77-0.99) 0.038 087 (074-1.02) 0.091
TI(<16.2) 1225 136 (1.1) I(Reference) I(Reference) I(Reference)

T2(16.2-24.3) 1224 12092) 0.85 (0.66-1.09) 0203 0.76 (0.59-0.98) 0.037 072 (0.55-095) 0019
T3 (>243) 1225 75 (6.1) 054 (0.41-0.72) <0.001 0,59 (0.44-0.79) <0001 053 (037-0.77) 0.001
pfortrend <0.001 <0.001 0001

‘Model 1: No adjusted.
“Model 2: Age, sex, ace/ethnicity.

‘Model 3: Model 2-+ marital tatus, education level, family income, physical acivity, smoking status, drinking status, body mass index, energy consumption, dietary supplements taken,
hypertension and diabetes.
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Characteristics Dietary niacin intake, mg/day®

T1 T2 T3 p value
(<16.2) (16.2-24.3) (>24.3)
No. 3674 1225 1224 1225
Agelyear) 5794166 598164 5924159 5474170 <0001
Sex, n (%) <0001
Male 1,555 (42.3) 324(26.4) 483 (395) 748 (61.1)
Female 2119(57.7) 901(73.6) 741(60.5) 477 (389)
Racefethnicity, n (%) <0001
Non-Hispanic White 2252(61.3) 708 (57.8) 795 (65) 749 (61.1)
Non-Hispanic Black 670 (18.2) 217(17.7) 222(18.1) 231(18.9)
Mexican American 302(82) 138 (113) 79(6.5) 85(69)
Others 450(122) 162 (13.2) 128 (10.5) 160 (13.1)
Education Level (year), n (%) <0001
<9 440 (120) 209 (17.1) 140 (11.4) 91(7.4)
9-12 1,622 (44.1) 564 (46) 529 (43.2) 529 (43.2)
12 1612 (43.9) 452(36.9) 555 (45.3) 605 (49.4)
Marital Status, n (%) <0001
Married or living with a partner 1906 (51.9) 577 (47.1) 645 (52.7) 684 (55.8)
Living alone 1768 (48.1) 648 (52.9) 579(47.3) 541(44.2)
Body mass index (kg/m?) 305481 304478 308483 30282 0.267
Family income, n (%) <0001
Low 1,467 (39.9) 561 (45.8) 488 (39.9) 418 (34.1)
Medium 1476 (40.2) 162(37.7) 495 (40.4) 519 (42.4)
High 731(199) 202(16.5) 241(19.7) 288(23.5)
Physical activity, n (%) <0001
Sedentary 2072 (56.4) 746 (60.9) 723 (59.1) 603 (49.2)
Moderate 893 (24.3) 282(23) 298(24.3) 313(25.6)
Vigorous 709(19.3) 197 (16.1) 203 (16.6) 309(25.2)
Smoking status, n (%) 0102
Never 1,110 (30.2) 405 (33.1) 359(29.3) 346(28.2)
Former 1,306 (35.5) 411 (336) 444 (36.3) 451 (36.8)
Current 1,258 (34.2) 409 (33.4) 421(344) 428 (34.9)
Drinking status, n (%) <0001
No 947 (25.8) 386 (31.5) 341(27.9) 220(18)
Yes 2727 (74.2) 839(68.5) 883 (72.1) 1,005 (82)
Hypertension, n (%) 0.004
No 1962 (53.4) 613 (50) 653 (53.3) 696 (56.8)
Yes 1712 (46.6) 612 (50) 571(46.7) 529 (43.2)
Diabetes, n (%) 004
No 2881 (784) 957 (78.1) 936 (76.5) 988 (80.7)
Yes 793 (21.6) 268 (21.9) 288(23.5) 237(19.3)
Dietary supplements taken, n (%) 0093
No 1974 (537) 689 (56.2) 639 (52.2) 646 (52.7)
Yes 1700 (46.3) 536 (43.8) 585 (47.8) 579 (47.3)
Energy consumption (kcal/d) 1787(1350,2349) 1,289 (1,010, 1,616) 1796 (1,460, 2,160) 2,457 (1976, 3,069) <0001

“T1-T3, tertiles based on dietary niacin intake.
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Variables Hypoalbuminemia Non-hypoalbuminemia Statistic
(n=172) (n=65)
Age. M (IQR),years 72,00 (60.00, 80.00) 7150 (57.75, 80.00) 72,00 (66,00, 79.00) Z=-1.16 0.246
Sex, n (%) £=000 0991
0 153 (64.56) 111 (64.53) 42(64.62)
1 84(35.44) 61(35.47) 23(35.38)
BMI, M (IQR) 2366 (21.33,26.30) 2405 (21.77,26.76) 23.24(20.94,24.97) Z=-240 0016
Chronic kidney disease staging, 1 (%) 7=623 0013
3 126 (53.16) 100 (58.14) 26 (40.00)
4 111 (46.84) 72 (4186) 39(60.00)
Hypertension, 1 (%) 0490
0 47 (19.83) 36 (20.93) 11(16.92)
1 190 (80.17) 136 (79.07) 54(83.08)
Diabetes, 1 (%) r=137 0241
0 142 (59.92) 107 (62.21) 35(53.85)
1 95 (40.08) 65(37.79) 30 (46.15)
Cardiovascular disease, 1 (%) 0173
0 140 (59.07) 97(56.40) 43 (66.15)
1 97 (40.93) 75 (43.60) 22(33.85)
Cerebrovascular disease, 1 (%) £=029 0591
0 184 (77.64) 132 (76.74) 52(80.00)
1 53 (22.36) 40(23.26) 13(20.00)
Smoking, n (%) 7=228 0131
0 189 (79.75) 133 (77.33) 56 (86.15)
1 48 (20.25) 39 (22.67) 9(13.85)
Drinking, n (%) £=007 0787
0 217 (91.56) 158 (91.86) 59(90.77)
1 20 (8.44) 14(8.14) 6(9.23)
HGB (g/L), Mean 5D 125.53425.68 130.11424.48 1134242502 1=466 <0001
RBC (10M2/L), Mean £ SD 4155084 4274081 383085 =372 <0001
AST (U/L), M (IQR) 21,00 (17.00, 28.00) 21,00 (17.00, 27.00) 20,00 (16.00, 29.00) Z=-052 0601
ALT (U/L), M (IQR) 18.00 (13.00, 27.00) 18.00 (13.00, 28.00) 17.00 (11.00, 25.00) 2=-059 0557
ALP (U/L), M (IQR) 8100 (65.00, 107.00) 80.50 (64.00, 103.75) 83.00 (6.0, 112.00) Z=-048 0.628
Scr (umol/L), M (IQR) 160.10 (131,10, 218.50) 154.95 (124.45, 203.03) 176.40 (148,60, 237.10) Z=-288 0.004
BUN (mol/L), M (IQR) 10.68 (7.95,13.94) 9.98 (7,79, 13.18) 12.37(9.20, 14.40) z=-255 0011
UA (pmol/L), M (IQR) 496,00 (397.00, 626.00) 51100 (406.00, 633.25) 480.00 (393.00, 576.00) Z=-1.16 0.248
TC (mmol/L), M (IQR) 455 (375,5.61) 449 (3.77,542) 469 (3.60,591) Z=-081 0416
TG (mmol/L), M (IQR) 157 (1.13,235) 1.63(1.19,2.67) 144(0.97,2.16) z=-128 0.202
HDL-c (mmol/L), M (IQR) 1.01(0:82,1.23) 1.01(0.84,1.20) 096 (0.79,1.27) Z=-046 0646
LDL-c (mmol/L), M (IQR) 2,50 (1.86,3.36) 250 (1.88,3.31) 254 (1.81,3.36) Z=-004 0.967
Serum sodium (mmol/L), M (IQR) 141.70 (138.90, 144.00) 142.10 (139,30, 144.20) 140.70 (137.60, 142.80) Z=-287 0.004
Serum potassium (mmol/L), M (IQR) 431(3.99,475) 430 (4.02,4.67) 431(3.79,489) z=-0m 0912
Serum chloride (mmol/L), M (IQR) 106.10 (103.10, 109.00) 105.85 (10270, 108.73) 106.40 (104.60, 109.70) Z=-179 0.074
Serum calcium(mmol/L), M (IQR) 221(212,2.30) 225(2.18,2.32) 211 (2.01,2.18) z=-717 <0001
Serum phosphorus (mmol/L), M
o 120 (1.02,1.36) 120 (1.03,1.34) 119(1.00,137) 2=-035 0728
Carbon dioxide binding capacity
(mmoll), M 1QR) 22.10(20.10,23.70) 22.10 (20,35, 23.90) 22,10 (19.60, 23.30) Z=-101 0315
NT-proBNP (pg/mi), M (IQR) 690.00 (220,00, 2397.00) 393.00 (196.75, 1747.00) 1194.00 (604.00, 5315.00) 7=-398 <0.001
Proteinuria, n (%) 7 =462 0032
0 107 (45.15) 85 (49.42) 22(33.85)
1 130 (54.85) 87 (50.58) 43(66.15)

0,10; 1, yes: 3, chronic kidney disease stage 3; 4chronic Kidney disease stage 4T, -test Z, Mann-Whitney test; 2, Chi-square test.SD: standard deviation; p, p value; M, Median; IQR,
interquartile range.

AST, aspartate aminotransferase; ALT, alanine aminotransferase; AL, alkaline phosphatase; BUN, blood urea nitrogen; HGB, hemoglobin; HDL-c, high-density lipoprotein cholesterol; LDL-¢,
low-density lipoprotein cholesterol; NT-proBNE, N-terminal pro-B-type natriuretic peptide; RBC, red blood cells Scr, serum creatinine; TC, total cholesterol; TG, triglycerides; UA, serum uric
acid.
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Variables Univariate analysis Multivariate analysis

OR (95%Cl) OR (95%Cl)
Age, years 0.164 1.02(0.99~1.04)
Sex
0 1.00 (Reference)
1 0.991 1.00(0.55~1.81)
BMI 0017 0.90 (0.83~0.98)

Chronic kidney discase staging

3 1.00 (Reference)

4 0013 208 (1.16~3.73)
Hypertension

0 1.00 (Reference)

1 0.491 130 (0.62~2.74)
Diabetes

0 1.00 (Reference)

1 0.242 141(0.79~251)

Cardiovascular disease
0 1.00 (Reference)
1 0.174 0.6 (0.36~1.20)

Cerebrovascular disease

0 1,00 (Reference)
1 0592 0.83 (0.41~167)
Smoking
0 1,00 (Reference)
1 0135 055 (0.25~121)
Drinking
0 1,00 (Reference)
1 0788 115 (042~3.13)
HGB (g/L) <0.001 0,97 (0.96~099) 0017 0.96(0.93~099)
RBC (10M2/L) <0.001 0.52(0.36~075) 0147 200 0.78~5.12)
AST (UIL) 0.449 101 (099~1.02)
ALT (UIL) 0477 100 (0.99~1.02)
ALP (U/L) 0093 100 (1.00~1.01)
Sr (umol/L) 0073 1,00 (1.00~1.01)
BUN (umol/L) 0032 105 (1.01~1.10)
UA (umol/L) 0215 1,00 (1.00~1.00)
TC (mmol/L) 0118 114(097~1.34)
TG (mmol/L) 0829 1.02(0.87~1.20)
HDL-c (mmol/L) 0700 116 (054~2.47)
LDL-¢ (mmol/L) 0993 1.00(079~1.27)
Serum sodium (mmol/L) 0025 0.93(0.87~099) 0050 0.93(0.87~099)
Serum potassium (mmol/L) 0376 117 (082~1.67)
Serum chloride (mmol/L) 0082 106 (099~1.12)
Serum calcium (mmol/L) <0.001 0.00 (0.00~0.02) <0.001 0.00 (0.00~0.04)
Serum phosphorus (mmol/L) 0815 0.91(0.42~199)
Carbon dioxide binding capacity (mmol/L) 009 0,93 (0.85~1.01)
NT-proBNP (pg/ml) 0.101 1.00 (1.00~1.00)
Proteinuria
0 1,00 (Reference)
1 0033 191 (1.05~3.46)

0,10; 1, yes; 3, chronic kidney disease stage 3; 4, chronic kidney disease stage 4: p. p value; OR, Odds Ratio; C1, Confidence Interval.
AST, aspartate aminotransferase; AL, alanine aminotransferase; ALP, alkaline phosphatase; BUN, blood urea nitrogen; HGB, hemoglobin; HDL-c, high-density lipoprotein cholesterol; LDL-c,low-
density lipoprotein cholesterol; NT-proBNP, N-terminal pro-B-type natriuretic peptide; RBC, red blood cels;Scr, serum creatinine; TC, total cholesterol; TG, triglycerides; UA, serum uric acid.
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|

Hypoalbuminenia
@=172)

‘Non-hypoalbuninemia

(n=65)
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Variables Univariate

Multivariate

P OR (95%Cl) [P OR (95%Cl)
Hemoglobin 0.08 <0.001% 1.09 (1.04-1.13) 0.08 <0.001* 1.09 (1.04-1.13)
Upper Leg PEV —001 0.195 0.99 (0.97-1.01)
Whole Leg PEV -001 0209 0.99 (0.97-1.01)
OR, odds ratio; ClI, confidence interval.

P < 0.05.
PEV, percentage of excess volume.
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Participants (aged 20 years and older) with
COPD from NHANES 1999-2018
(n=4194)

[Excluded pregnant woman n=60

4134 particpants included

Excluded missing data on dietary
niacin n=455

3679 particpants included

Excluded no follow-up information
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Final sample available for analysis
(3674 particpants included)
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All cause death Unadjusted model Model 1 Model 2 Model 3

MDS continue 203 (191,217) 145 (1.34,1.56) 134(1.24, 1.45) 127(1.13,141)
MDS category
MDS =0 ref ref ref ref
MDS 286 (1.96,4.16) 170 (1,16, 2.49) 1.69 (1,16, 2.46) 146 (0.99,2.17)
MDS 545 (3.84,7.74) 216(150,3.11) 203 (143, 2.90) 163 (1.10,2.43)
MDS >3 12.93 (9.03, 18.50) 371(254,5.42) 3.01(203,4.45) 230 (1.49,3.54)
pfortrend <0.0001 <0.0001 <0.0001 <0.0001

Unadjusted model: No covariates were adjusted. Model 1: Age, race, marital sttus, education, PIR, BMI, moderate, and vigorous activity were adjusted. Model 2: Model 1 + smoking status,
DM, CVD, cancer, MetS, and hyperlipidemia were adjusted. Model 3: Model 2 + vaginal delivery, hysterectomy, albumin, SII, magnesium intake, energy, creatinine, and uric acid were
adjusted.
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Character

Age
<50 years
250 years
BMI
<25 kg/m?
25-30 kg/m?
230 kg/m?
Race
Non-Hispanic White
Non-Hispanic Black
Mexican American
Other race
Marital status
Solitude
Cohabitation
Education level

Less than or high

school
Above high school
PIR

Smoking status
Never
Former
Current

Moderate
No
Yes

Vigorous
No
Yes

Hysterectomy
No
Yes

Vaginal delivery

PreDM
DM
cvD

Yes
Hypertension
No
Yes

Cancer

No
Yes
Hyperlipidemia
No
Yes

Dietary magnesium

intake (mg)
Q1
@
Q3
Q4

OR (95%
Cl)

143 (1.04,1.98)

0.95 (0.84,1.09)

103 (079,1.35)
093 (075, 1.17)

109 (091,1.29)

106 (091,1.22)
099 (0.78,127)
1.05 (0.74, 1.48)

080 (061, 1.05)

113 (0.95,135)
0.96 (0.82, 1.12)

097 (080, 1.17)

1.06 (0.91,1.25)

1.06 (0.8, 1.28)
091 (075, 1.11)

113 (093,1.37)

0.98 (083, 1.15)
1.09 (0.8, 1.34)

121(085,1.73)

096 (083, 1.12)

112 (092,1.37)

103 (091, 1.17)

103 (071,151)

104 (090, 1.19)

102 (0.84,1.24)

1.37 (1.00, 1.90)
092 (076, 1.11)

105 (0.88,1.26)

104 (090, 1.19)
080 (052, 1.25)
100 (082,1.22)

107 (094,1.21)
080 (058, 1.09)

135 (104, 1.76)

092 (080, 1.05)

102 (090, 1.17)

102 (0.76,1.38)

111 (094,1.31)

095 (080, 1.12)

1.08 (080, 1.45)

1.03 (091, 1.17)

1.12 (0.8, 1.44)
095 (078, 1.15)
1.08(0.84,1.38)
087 (068, 1.12)

Sul

p for interaction

0.005

003

058

02

008

031

037

059

088

071

003

024

015

<0.001

044

013

068

017

OR (95%
Cl)

0.94 (076, 1.17)

1.10(0.96, 1.26)

112085, 1.47)
0.81(0.67,097)

122 (104, 1.42)

106 (092,1.21)
0.96 (0.7, 1.20)
1.02(073, 1.43)

1.41 (099, 2.01)

0.97 (081, 1.16)
1.13 (097, 1.32)

105 (088, 1.26)

1.08 (0.92,1.28)

119(0.99, 1.43)
1.03 (0.86, 1.24)

107 (089, 1.27)

1.02 (086, 1.20)
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1.03(0.84,1.26)
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1.08 (0.93, 1.26)
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1.01(085,1.20)
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102(0.77,1.35)

1.06 (0.93,1.21)

131(1.02, 1.68)
114(094,138)
1.01(0.80, 1.28)

091 (070, 1.18)

uul

p for interaction
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0.63
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052
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0.04
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073
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044
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OR (95%
Cl)

123 (1.11,1.38)
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129 (1.11,1.50)
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138(1.21,1.58)
1.14/(0.95,1.35)

127(1.10,1.47)

1.25(1.06,1.48)
1.24/(1.09, 1.42)

131(1.06,1.62)

1.26 (112, 1.41)

124(1.06,1.45)

1.27 (114, 1.41)

105 (0.74,1.48)

124(1.07,1.42)

126 (111, 1.43)

1.27 (112, 1.44)
131 (101, 1.71)

1.23 (106, 1.42)

1.24(1.04,1.49)
1,50 (1.08,2.08)

1.20 (1,06, 1.36)

1.24 (111, 1.38)

130 (1.04, 1.62)

1.44(1.22,1.70)

116 (103, 1.31)

124(1.12,1.39)

1.25(1.01,1.54)

123 (108, 1.40)

126 (108, 1.46)

145 (116, 1.81)

121(1.09,1.35)

148(1.23,1.78)
1.07(0.92,1.26)
142 (1.15,1.75)

108 (089, 1.31)

MUl

p for interaction

024
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Variables Unadjusted model

Ul volume
Drops ref
‘Small splashes 120 (1.12,1.28)
More 1.58 (1.44,1.72)
Ul frequency
Less than once a month ref
Afew times a month 113(1.04,1.23)
Afew times a week 1.34(1.23,147)
Every day and/or night 1.68 (156, 1.82)

Unadjusted model: No covariates were adjusted. Model 1: Age, race, marital status, education, PIR, BMI, moderate, and vigorous activity were adjusted. Model 2: Model 1 + smoking status,
DM, CVID, hypertension, cancer, MetS, and hyperlipidemia were adjusted. Model 3: Model 2 + vaginal delivery, hysterectomy; albumin, SI1, magnesium intake, energy, creatinine, and uric acid

were adjusted.

Mode

ref
1.14/(1.05,1.23)

131(117, 1.45)

ref
1.07 (0,97, 1.19)
1.24(1.12,1.38)

1.30 (117, 1.44)

Model 2

ref
111 (1.02,1.20)

124(1.11,1.39)

ref
1.06 (0.96, 1.18)
122 (1.10,136)

1.20 (1.08, 1.33)

Model 3

ref
1.10 (0,99, 1.21)

1.23(1.06,1.42)

ref
1.05(0.93,1.19)
1.20(1.05,1.37)

127 (111, 1.45)
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Variables Unadjusted model Model 1 (95% CI) Model 2 (95% CI) Model 3 (95% ClI)
sut

MDS continue 1.29(1.23,135) 111 (105, 1.18) 107 (100, 1.14) 109 (101, 1.17)
MDS category
MDS =0 ref ref ref ref
MDS = 142 (1.30,156) 122(1.09,1.36) 118 (1.05,1.32) 1.21(1.06,1.39)
MDS =2 184 (1,63, 2.08) 135 (1.15,1.59) 1.26 (1,06, 1.49) 131 (107, 1.60)
MDS >3 1.98 (1.66,237) 129.(1.04,159) 113 (091, 1.40) 120 (094,155)
pfor trend <0.0001 <0.001 002 0.02
uut
MDS continue 149 (1.42,156) 115 (109, 1.22) 110 (104, 1.17) 1.14(1.06,1.22)
MDS category
MDS =0 ref ref ref ref
MDS 1.56 (139, 1.75) 120 (1.05,1.37) 117 (1.02,135) 122(1.04, 1.44)
MDS =2 251 (2.17,290) 145 (121, 1.73) 134 (112, 162) 147 (119, 1.81)
MDS >3 3.28(2:82,3.82) 151 (1.25,1.82) 130 (1.07,159) 143 (113, 1.81)
pfor trend <0.0001 <0.0001 0.001 <0.001
MUt
MDS continue 163 (153, 1.73) 121(112,130) 114 (1.05,1.23) 122(1.11,135)
MDS category
MDS =0 ref ref ref ref
MDS 176 (1.52,2.03) 131 (110, 155) 1.25 (1,05, 1.49) 139 (114, 1.69)
MDS 3.24(272,387) 175 (1.39,2.20) 154 (1.20,1.97) 1.84(1.40,2.42)
MDS 23 409 (3.30,5.06) 1.63(1.27,2.10) 1.33.(1.01,1.75) 1.6 (1.19,2.31)
pfor trend <0.0001 <0.0001 0.002 <0.0001

Unadjusted model: No covariates were adjusted. Model 1: Age, race, marital status, education, PIR, BMI, moderate and vigorous activity were adjusted. Model 2: Model 1 + smoking status,
DM, CVD, hypertension, cancer, MetS, and hyperlipidemia were adjusted. Model 3: Model 2 + vaginal delvery; hysterectomy, albumin, S11, magnesiu intake, energy, creatinine, and uric acid
were adjusted.
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Variable Total MDS =0 MDS =1 MDS =2 MDS >3 p-value
Age (years) 4857£026 39284024 5098+034 61372039 6868038 <0.0001
Age,n (%) <0.0001
<50 years 5254 (0.01) 76.05(0.77) 4595 (107) 1977 (1.28) 4,68 (0.69)
250 years 47.46 (0.01) 2395 (0.77) 5405 (107) 8023 (1.28) 95.32(0.69)
BMI, 1 (%) <0.0001
<25kgm® 3308 0.01) 3556 (0.91) 3554 099) 27.90 (1.31) 19.69 (1.36)
25-30 kg/m? 27.68 (0.01) 26.88 (0.73) 2776 (087) 2956 (1.14) 3092 (1.70)
230 kg/m? 38.59 (0.01) 37.56 (0.80) 3670 (098) 4254 (1.39) 4939 (1.78)
Race, 1 (%) <0.0001
Non-Hispanic White 6861 (0.03) 56.99 (1.49) 7557 (122) 81.42(1.19) 8181 (1.39)
Non-Hispanic Black 11.62(0.01) 13.82(0.84) 991 (0.71) 9.15 (0.84) 1111 (1.06)
Mexican American 744 (0.01) 1190 (0.93) 452 (0.44) 3.23(047) 208 (041)
Other race 12.32(0.01) 17.29(0:81) 9.99(063) 6.20(0.56) 500 (0.64)
Marital status, 1 (%) <0.0001
Solitude 40.07 0.01) 38.14 (0.89) 3895 (1.02) 4384 (1.36) 49.84 2.16)
Cohabitation 59.88(0.02) 6186 (0.89) 6105 (1.02) 5616 (1.36) 5016 (2.16)
Education level, n (%) <0.0001
Less than or high 37.16 (0.01) 36.97 (0.96) 3484 (1.15) 3846 (1.26) 4687 (1.86)
school
Above high school 6280 (0.02) 63.03 (0.96) 6516 (1.15) 6154 (1.26) 5313 (1.86)
PIR, 7 (%) <0.0001
<13 20.48 (0.01) 2563 (0.80) 1838 (0.81) 1827 (1.02) 22,68 (1.50)
13-35 33.99 (0.01) 36.74 (0.82) 3418 (101) 37.12(1.30) 42,55 (1.98)
>35 39.05 (0.01) 37.62(1.15) 47.44 (1.28) 14461 (157) 3477 (218)
Smoking status, 1 (%) <0.0001
Never 61.21(0.01) 6576 (0.83) 5829 (1.00) 5653 (1.45) 56.60 (1.68)
Former 20.93 (0.01) 15.26 (0.66) 2243 (0.86) 2872 (1.41) 3321 (1.64)
Current 17.83 (0.01) 18.98 (0.69) 19.28(0:85) 1475 (0.87) 1019 (1.08)
Moderate, n (%) <0.0001
No 51.89 (0.01) 5162 (0.81) 4878 (1.05) 5412(1.49) 63.74(2.18)
Yes 48.100.01) 4838 (0.81) 5122(1.05) 4588 (1.49) 3626 (218)
Vigorous, n (%) <0.0001
No 7681 (0.02) 73.03 (0.78) 7543 (118) 8478 (1.08) 90.47 (1.35)
Yes 2318001 2697 (0.78) 2457 (118) 15.22(1.08) 9.53(1.35)
Hysterectomy, 1 (%) <0.0001
No 7143 002) 8686 (0.69) 7497 (0.87) 6283 (1.20) 5083 (197)
Yes 2206 0.01) 13.14(0.69) 25.03(087) 3717 (1.20) 49.17(1.97)
Vaginal delivery, n (%) <0.0001
0 16.06 (0.01) 2374 (0.74) 1890 (0.78) 1483 (1.21) 12.34 (1.45)
13 38.00 0.01) 47.99 (0.85) 47.84(1.00) 45.61(1.53) 3740 (1.67)
>3 2728001 28.26 (0.76) 3325 (099) 39.56 (1.45) 5026 (1.78)
DM, 7 (%) <0.0001
No 78.63 (0.02) 85.25(0.49) 7927 (036) 69.29(1.19) 5721 (1.70)
PreDM 7.34 (0.00) 5.87(0.36) 7.52(057) 982(0.73) 1085 (1.24)
DM 13.72.(0.00) 8.88(0.37) 13.22(0.65) 2089 (1.00) 31.94 (1.78)
CVD, n (%) <0.0001
No 92.24(0.02) 9692 (0.26) 93.440.42) 85.41(0.86) 7146 (177)
Yes. 7.76 (0.00) 3.08(0.26) 656 (0.42) 14.59 (0.86) 28.54 (1.77)
Hypertension, 1 (%) <0.0001
No 6215(0.02) 79.03 (0.69) 6251 (1.04) 3473(131) 1189 (1.32)
Yes 37.84 0.01) 2097 (0.69) 37.49 (1.04) 6327 (131) 88.11(132)
Cancer, n (%) <0.0001
No 88.37 (0.02) 93.46 (0.43) 87.49 0.62) 8121 (0.98) 7671 (145)
Yes 1154 (0.00) 6.54(0.43) 1251 (0.62) 1879 (0.98) 2329 (1.45)
MetS, n (%) <0.0001
No 67.60 (0.02) 7666 (0.68) 68.89 (0.91) 53.60 (1.60) 37.12(206)
Yes 3209001 2334 (0.68) 3111 091) 46.40 (1.60) 6288 (2.06)
Hyperlipidemia, n (%) <0.0001
No 30.28 (0.01) 38.69 (0.86) 2961 (1.02) 1690 (1.06) 8,57 (090)
Yes 69.72(0.02) 6131 (0.86) 7039 (1.02) 83.10(1.06) 91.43(0.90)
Albumin (g/L) 4173006 4175007 4188 0,07 4159009 412620.15 <0.0001
st 56650 £4.34 558.40 £ 4.96 565.57 £ 6.83 57104852 61035£13.27 0.002
Dietary magnesium 26746 + 182 26386+ 245 28013+ 269 263.93£291 237.26+3.93 <0.0001
intake (mg)
Dietary energy (kcal) 182383 £8.15 1835.64 £ 10.06 187501 £ 15.07 1778.63 £ 2024 160131 £ 23.05 <0.0001
Creatinine (pmol/L) 6973032 60.27£0.18 69422026 81872122 10196+ 1.43 <0.0001
Uric acid (umol/L) 287.02+084 26423 +0.96 28415+ 1.44 31757199 7163302 <0.0001
sut <0.0001
No 5717 0.01) 6341 (0.75) 5494 (089) 4850 (1.25) 46.65 (1.88)
Yes 4283001 36.59 (0.75) 45.06(0.89) 5150 (1.25) 5335 (1.88)
uur <0.0001
No 7215 (0.02) 79.48 (0.66) 7131 (095) 6066 (1.38) 54.11(1.68)
Yes 2785 0.01) 20,52 (0.66) 2869 (095) 3934 (1.38) 4589 (1.68)
MUt <0.0001
No 53.09(0.01) 8375 (0.61) 7459 (1.05) 6136 (1.68) 5577 (2.26)
Yes 1682 (0.00) 1625 (0.61) 25.41(105) 38.64 (1.68) 4423 (2.26)

BMI, body mass index; PIR, poverty to income ratio; DM, diabetes melltus; CVID, cardiovascular disease; Mets, metabolic syndrome; SII,system immune-inflammation index; SUL stress
arinary incontinence; U, urgent urinary incontinence; MUI, mix urinary incontinence; MDS, magnesium depletion scores. Values are mean + D (continuous variables) or 1% (categorical
variables) are weighted.
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haracteristics, Total protein p-value Plant protein P-value Animal protein he ratio of plantto  P-value

mean animal protein
D ErIE) Ql(n=119) Q4 (n=119) Q1 Q4 Q1 Q1 Q4

(n=119) (n =12 (n=119) (n=120)
BMI 24854563 24284543 052 200450 240450 061 2544 215 030 24064528 | 24743490 034
Age, year 581841425 480941504 <0.001 56+14 9515 <0.001 56414 19514 <0.001 5204140 5304140 029
Frequency dalpl per 2914060 279042 034 290059 2774047 020 2854054 278043 036 283055 2804045 028
week, time/week
Dialysis time, hours 369046 3654054 082 366049 370,046 075 3704047 365056 082 3614052 369040 021
Fluid intake, mL. 107147473827 | 1368.17 102638 0.03 10374726 1,502£1489 <0.001 1196902 12264714 039 10624764 | 1,302£1379 0.27
PA, met-min/wk 177.624361.60  863.15£2898.92 0.07 400£2554  6531,500 049 199414 682+2,69 035 57642695 2564473 021
Physical activity, N (%) 0.10 020 041 on
Low 107 (89) 87(73) 107 (89) 87(73) 104 (87) 94(78) 102(85) 99(82)
Moderate 12(10) 27(23) 119 29(24) 15(12) 23(19) 1401 2107)
High 0(0) 505 0(0) 40) 0(0) 30 30 000)
Center type (N) (%) 0.93 0.28 028 021
Governmental 78(65) 75 (63) 82(68) 73 (60) 76 (63) 80(66) 82(68) 68 (56)
Private 414 44.(36) 37311 47(39) 43 (36) 40(33) 37 (3L1) 52(43)
Male (N) (%) 49 (41) 93(78) <0.001 47(39) 93(77) <0.001 58(69) 89(74) <0.001 70(58) 70(58) 099
SMOKER (N) (%) 75) 46(9) 012 7(5) 15(12) 037 76) 17 (14) 0.18 12(10) 8(6) 049
‘:ﬁ"e volume, 500 94(78) 79 (66) 004 94(78) 74(61) 001 89 (74) 75 (62) 004 83 (69) 84(70) 077
Diabetes (n, %) 59(49) 40(33) 0.05 82(68) 83(69) 002 53 (44) 45(37) 014 57(47) 53 (44) 069
Hypertension (n, %) 87(73) 86(72) 0.61 82(68) 83(69) 0.04 93(78) 94(78) 0.18 89 (74) 92(976) 094
Job, N (%) <0.001 <0.001 0002 095
Unemployed 14() 23019 15(12) 26(21) 18.(15) 24(20) 18 (15) 18.(15)
Housekeeper 62(52) 2019 65 (54) 26(21) 54.(45) 26(21) 4133) 46(38)
Retired 27(22) 23(19) 24(20) 26(21) 27(22) 22(18) 27(22) 28(23)
Employee 6(5) 17 (14) 3(2) 15(12) 76 1) 76) e
Self-employment 7(5) 2420 90) 21(17) 90 25(20) 18 (15) 13(10)
Others 3 907) 3 6(5) 40) 12(10) 8(6) 40)
Marital status, N (%) 0.004 012 0.006 061
Married 97(81) 85(71) 94(78) 83(69) 96 (80) 89(73) 87(73) 94(78)
Single 119) 261) 14(11) 23(19) 12(10.) 2018) 20(16) 18(15)
Divorced 3(2) 765 40) 40) 10) 97 806) 30
Dead spouse 86 10 7(5) 7(5) 10(8) 10) 40) 504)
Education, N (%) 0.01 0.15 0.16 052
<12years 100 (84) 84(70) 99(83) 87(72) 102 (85) 89(74) 92(77) 96 (80)
212years 19015) 35(29) 20(16) 33(27) 17(14) 31025) 27(22) 24(20)
Income status, N (%) 0.39 077 014 060
<5 million rials 45(37) 39(32) 4164 38(31) 4164 40(33) 43(36) 38 (1)
5-10 million rials 45(37) 37311 49 (41) 42(5) 57 (47) 43(35) 40(33) 47(39)
10-20 million rials 24200 32(26) 25(21) 31(25) 17 (14) 26(21) 28(23) 28(23)
20 million rials 504) 11(9) 40) 97 40) 11(9) 8(6) 705

Medication prescriptions
Calcium carbonate 11921 1062180 029 112175 1278171 029 126182 1024160 032 1042151 140178 027
500 mg, time/day

Sevelamer 070£1.18 087£1.49 055 0675119 0845146 034 0x1 0x1 078 0842132 0912155 004
hydrochloride 800 mg,

time/day

Calcitriol 0.25 meg, 061098 050£1.00 014 0724113 067+1.14 094 0103 0100 046 0572101 0.60£1.01 009
time/day

Furosemide time/day 0354083 0394093 049 042089 023061 004 00 0106 021 046£098 0254068 019
Corticosteroids, N (%) 7(5) 3 062 7(5) 40) 046 40) 40) 029 7(5) 5(4) 080
Lipid-lowering drugs, 261 13(10) 007 28(23) 1401 006 208) 17(14) 054 2019 20(16) 093
N (%)

Kuv 1312056 1152042 0.01 1282053 113204 0.006 132061 1142041 002 122055 1272052 083
URR (%) 340943157 4079430.11 0.26 361143062 365543005 084 326543134 412822938 0.16 3895303 | 33613148 050

Data for quantitative variables are presented as means +SD, obtained from ANOVA. Data for qualitative variables are presented as frequencies (percentages) and analyzed using chi-square
tsts. PA, physical activty; BMI, body mass index.
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Characteristics, Total protein P-value Plant protein P-value Animal protein P-value The ratio of plant to animal P-value

mean pl’O‘e\ n
CRIEN) a1 Q4 a1 Q4 a1 Q4 Q1(n=119) Q4(n=120

(1=119)  (n=119) (n=119) (=120 (n=119) 120)
Food groups
Refined grain (g/d) 198 £81 153486 <0.001 187£79 16399 0.157 193£97.05 149466 0.001 157167 178£108.01 0.018
Whole grains (g/d) 3245641 56465 <0.001 2430 7474 <0001 59£74 12451 0.09 2702432 82478 <0.001
Beans (g/d) 63£47.09 57449 017 6244601 58+47.02 0.283 saxal 55447 0757 56439 5143908 0.268
Nuts (g/d) 8.06+13.20 6.15£7.55 0.019 8.56+13.19 7.24410.48 0.696 833+14.27 6.66+8.58 0.017 851+14.31 8.14+12.60 0.908
Red meat (g/d) 557+5.19 5.98+5.57 0.557 7.32£7.40 4.81£4.60 0.01 4.96£4.73 7.54£7.15 0.005 8.28+7.38 4.19£3.58 <0.001
Procced meat (g/d) 164334 2445363 0361 199421 193£3.27 05872 1254246 20645.07 0.076 2474426 0912176 0.009
Poultry (g/d) 19422 32435.03 <0.001 31434 18+18 0.001 10£11 42438 <0.001 48.45+39.12 8.54+7.26 <0.001
Fruits (g/d) 1291100 102.03 +82 0.069 121495 104184 0.138 130£120 103£77 0.149 105.07+69 122121 0.367
Vegetables (g/d) 56.09+41 4942 0.025 56.01+£42 4535 0.051 5439 52+43 0.945 5542 47139 0410
Vegetable oils (g/d) 6.31+5.00 3.45+3.03 0.001 6.43£5.06 3.35+£2.60 <0.001 499£4.20 3.96+3.28 0.062 5.42+4.61 3.65+2.85 0.003
Soft drink (g/d) 11423 17430 0.06 13426 17429 0.235 10£21 17430 0.048 14£26 10.62+23.90 0.471
Sweets and dessert (g/d) 9%11 11.02£13 0.370 9.39£11.39 9.49+11.65 0.677 8.81+1049 11.75£14.95 0.097 9.92+12.26 7.78+£9.69 0.111
Potato (g/d) 5.13£596 50947.37 0077 6224956 193680 05 5:5 547 0.064 5914793 538646 009
Low fat dairy (g/d) 10426 20+50 0.160 13£27 15£24 0.461 8.83+18.71 25465 0.007 24456 10.02+15 0.026
High fat dairy (g/d) 39+41 34£32 0.347 3640 31£27 0.046 2933 36+34 0.257 39439 23+26.09 <0.001
Fish (g/d) 566+7.41 9.19£13.28 0.064 50241205 609£7.46 0.455 4224590 15421504 <0001 12151502 1426£546 <0.001
Egg (g/d) 12.78+13.28 9.79+10.20 0.112 13.38+13.86 8.06+7.73 <0.001 10.67+11.40 10.58+£10.98 0.049 1292+14.13 7.78+8.88 0.001
Nutrients
“Total energy (kcal/d) 1,3354337 3234712 <0.001 1,350+398 3,229+669 <0.001 1,665+ 602.08 2,863+ 878 <0.001 2,114£1,005 2,182+ 848 0.021
Carbohydrate (g/d) 203461 472£136 <0.001 189+52.06 502+109 <0.001 276+119 395+ 140 <0.001 275.43£134.06 394.69+155.96 <0.001
Fat (g/d) 4116 97442 <0.001 4607423 88445 <0.001 41£19 93£41.05 <0.001 7483£42.24 5421£3098 <0.001
Carbohydrates percent 6048 5849 0021 56410 6249 <0001 6410 5418 <0.001 5247.12 660.78+9.89 <0.001
Fat percent 2748 58+9 <0.001 2948 24.05+9 <0.001 23.44+9.24 29.05+£7.45 <0.001 31£7.11 20.87+8.55 <0.001

The data are presented as “mean +SD” The significant difference based on One-way ANOVA (p <0.05).
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Model 0° Model 1° Model 2¢

p(95%  P-value p(95%  P-value p(95%  P-value
Cl) Cl) Cl)
Total protein
Quality of 0.164 0,133, 0214 (0151, 0.206 (0.140,
<0.001 047 <0.001 055 <0.001 051
life 0.195) 0277) 0.272)
~0024 -0022
~0.02
Sleep quality <0.001 019 (-0085, 0.021 030 (0043, 0037 031
(-0.030.01)
~0.004) ~0.001)
Animal protein
Quality of 02200173, 0.175(0.120, 0171 (0115,
<0.001 017 <0.001 054 0305 051
life 0.266) 0.229) 0.226)
-0019 -019
~0.03
Sleep quality <0.001 042 (<0037, 0034 030 (=0.036, 0039 031
(~0.04,-001)
~0.001) —0.001)
Plant protein
~0.075 ~0099
Quality of 0.1810.124,
<0.001 047 (-0.189, 0.19 044 (-0.215, 0095 041
life 0.239)
0.039) 0.017)
008 0.005 o011
Sleep quality ) 0.002 0.14 (=0.030, 0.769 028 (-0.025, 0539 030
(~0.05,-0.01)
0.040) 0.047)
Plant/Animal protein
~0826 ~0.906 ~0941
Quality of
e (~1.466, 0012 046 (=1509, 0.003 046 (1546, 0002 043
ife
—0.185) ~0.303) —0.335)
0179
0177 (-0.14, 0.188 (0001,
Sleep quality 007 0.08 (o011, 0.064 030 0048 031
037) 0375)
0.368)

p<0.05 were considered as satistically significant. Effect size = Cohens £2 for linear models.
‘Model 0, linear regression analysis without adjustment.

"Model I, linear regression analysis with adjustment for center type, city age, sex, diabetes, hypertension, job, marital status, education, income status, smoking, BMI, physical activity, and
energy intake.

‘Model 1, linear regression analysis with correction for center type, cty; age, sex, diabetes, hypertension, job, marital status, education, income status, smoking, BMI, physical activity, energy
intake, diaysis vintage, dialysis time, frequency of hemodialysis sessions,flid intake, urine volume, and medication prescriptions (Corticosteroids, Sevelamer hydrochloride, Calcium
carbonate, Calcitriol, furosemide,lipid drugs).






OPS/images/fnut-11-1456091/fnut-11-1456091-t003.jpg
GLIM ANTHRO

Malnutrition

Specific agreement

Screening MNA GLIM Sensitivity (%)
step0 ) ANTHRO (1)

(n=432)

Without screening 87 290 92
MNA-SE 87 72 92

Specificity (%)

391

443

GLIM BIA

Malnutrition

Kappa

—0.108

—0117

PPV % NPV %
27 95
2 9%

Screening step 0 MNA (n) GLIM BIA (1) Sensitivity (%)
(n=432)

Without screening. 87 279 90.8
MNA-SF 87 265 90.8

GLIM, global leadership init
predictive value, NPV, negative predictive value.

Specificity (%)

420

461

Kappa

~0.109

~0.116

Specific agreement

PPV % NPV %
2 91
30 9

ive on malnutrition; ANTHRO, anthropometry; BIA: ioelectrical impedance analysis; MNA-SF, mini nutritional assessment short form; PPY, positive





OPS/images/fnut-11-1456091/fnut-11-1456091-t004.jpg
Health Malnourished
condition (MNA-FF)
stalts Unadjusted

OR(95%Cl)  p-value
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screening

8 hemodialysis centers
755 patients were
screened

Eligibility

268 pauenls did not meet recruitment criteria
Not fit for participation due to physical and mental
limitations (n = 162)
+  Recent hospitalization (n = 6)
+ Incomplete dialysis unit database (n = 98)
+ Cancer (n=2)

487 patients consented

Include

Exclusion of patients with dietary miss-reporting (n = 8)
*  Under-reporting, n =
*  Over-reporting, n = l

479 patients were included
in the final analysis






OPS/images/fnut-11-1456091/fnut-11-1456091-g001.jpg
81% MNASF

Step0 |
screening |
GLIM MNA-FF GLIM

Step1 | 67% ANTHRO 85% BIA 20% 63% 61% BIA
diagnosis | Ll ANTHRO

e 39% 61% 40% 0% 36% 64% 37% 63%
Step2 midimo || severe | | midmo || severe midimo | | severe [ | midimo | severs
severity derate derate derate derate






OPS/images/fnut-11-1456091/fnut-11-1456091-t001.jpg
Total subjects p-value (Total

n=432 subjects)
Age, mean in years +SD 7114£7.99 0540 69.83+7.46 72274827
Sexn (%) 432(100) 0853 200 (46.3) 232(53.7)

Admission diagnosis, n (%)

Respiratory diseases 103 (23.8) 53(26.5) 50 (21.6)
Gastrointestinal diseases 93(21.5) 21 51(22)
Neoplasms 72(167) 35(17.5) 37(159)
Others 61(14.1) 0.005* 29(145) 28(12.1)
Neurological disease 39(9.0) 17(83) 2(95)
Infection 17(3.9) 5(2.5) 12(5.2)
Hematological disease 12(28) 6(.0) 6(26)
Orthopedic/bone disease n@s) 3(15) 8(3.4)
Kidney diseases 10(2.3) 1(05) 9339
Cardiovascular disease 221 5(25) 407)
Endocrine disease 5012) 3015 2(09)
Dysphagia, n (%)

Does not present 372(86.1) 180 (90) 192 (82.8)
Solid 25(58) 0.087 7(3) 18 (7.8)
Liquid 9(21) 4(20) 5(22)
Solid and liquid 26(6.0) 9(45) 17(7.3)

Anthropometry, mean + SD

Weight, kg 628341547 0884 661241531 5999+15.07
Height, m 158009 0173 1.65£0.06 152007
BMI, kg/m? 2499£550 0392 24282492 2561590
AC,cm 27.76£491 0524 27.40£4.59 280745.16
CCem 3301517 0.669 3354595 32594435
HGS, kef 19854939 0210 26.36+8.60 14244571
Body composition, mean + SD

FM, kg, BIA 207041364 0495 17.03£1093 238541491
SMM, kg, BIA 19104672 0762 235225.06 15304554
FEM, kg, BIA 42192955 0469 49.04£8.36 362845.86
FEMI, kg/m?® 16.62£2.61 0901 17914263 1550201

Classification of GLIM ANTHRO criteria after MNA-SF screening. GLIM, global leadership initiative on malnutrition; ANTHRO, anthropometry; SD, standard deviation; BMI, body mass
index; AC, arm circumfrences CC, calf circumference; HGS, hand grip strength; BIA, electrical bioimpedance analysis; FM, fat mass; SMM, skeletal muscle mass; FEM, fat-free mass; FEMI,
fa-free mass index. *P-value,statistically significant (p<0.05). Pearson’s chi-square test, Fisher’s exact test, or Student’s f-test.
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Process step  Criterion GLIM ANTHRO GLIM BIA

GLIM

n % n %
Step 1: Diagnosis  Combinations of malnutrition 290 67 279 65
Weight loss >5% in 6 months/>10% in >6 months and reduced intake/assimilation 206 7 206 74
‘Weight loss >5% in 6 months/>10% in >6 months and inflammation 175 60 175 6
BMI<20/22kg/m’ and reduced food intake/assimilation 8 29 8 30
BMI<20/22kg/m? and inflammation 75 2% 75 27
Low EEMI and reduced dietary intakeas 12 0
Low FEMI and inflammation 10 39
Low CC and reduced dietary intake/assimilation 159 55
Low CCand inflammation 154 53
Step 2: Severity Mild/moderate malnutrition, total 114 39 2 0
BMI 20-22kg/m? 6 5 6 5
‘Weight loss 5-10% in 6months/10-20%> 6 months 75 66 7 67
FEMI reduction 52 46
CC reduction 52 6
Severe malnutrition 176 61 167 60
BMI<185kg/m? in <70 years/<20 in 270years 57 32 57 3
Weight loss >10% in 6months/> 20% in >6 months 123 70 123 7

Severe CC reduction 126 7

=432, GLIM, global leadership initiative on malnutrition. BMI, body mass index. CC, calf circumierence. FFMI, fat-free mass index; BIA, bioelectrical impedance analysis. The values in
bold refer to the total n and percentage of each stage evaluated.
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Screening Identification

Elegibility

Records identified through database searching (n=924)

MEDLINE EMBASE
(n=522) (n=391)

Mendeley
(n=11)

Records screened after duplicates

78 records duplicated

removed (n=846)

Studies included by title (n=41)

Studies included by abstract (n=14)

805 full text articles excluded:
- 600 by title

- 205 by abstract full text articles excluded
following inclusion and exclusion criteria

Full text articles included (n=14)
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Variables

PD clinical Nutritional
status status

Cognition Others

Analysis

Results

Nutritional status and Qol

Fernandez et al. (9) - Weight, height, BMI,
AC,TCS
Sheard etal. (10) UPDRS, H&Y, PG-SGA, MNA, BMI
Mobility, stigma,

social support

Nutritional status and motor and non-motor symptoms

Nagano etal. (11) H&Y CONUT (Alb, TLC,
T-cho), BMI,
dysphagia

Chia-yi Lien etal. (12) UPDRS H&Y MNA

Fereshtehnejad etal. (13) UPDRS, H&Y MNA, MAC, CC

Sheard etal. (1) UPDRS, H&Y, SGA, PG-SGA

SCOPA-AUT,
FOG-Q

Nutritional status and PD severity.

Femat-Roldin etal. (1) UPDRS, H&Y BMI, LM, FFM, MSM,
BEM, %BE ICW,
ECW, BMR, WC,
VEA, BMC, BCM, AC,
RMR

Pisciotta et al. (15) UPDRS (ON) ‘Weight, height, BMI,
Total and regional
adiposity, total fat

(android and gynoid),

MNA

Briletal. (16) MDS-UPDRS (ON)  BMI, MNA, being
H&Y, ROMEIIL, eating.
Sniffin Sticks

Nutritional status and treatment on PD

Umemoto etal. (17) H&Y Disease CONUT (Alb, TLC,
duration T-cho), BML, weight

change, Swallowing

Batisse-Lignier et al. (1) UPDRS BMI, FEA, FEM, FM,
EGP, GDRs, basal
glucose and insulin
plasma levels

Montaurier etal. (19) UPDRS, H&Y, BMI, FEM,

Schwaband England | Appendicular muscle

scale mass, trunk fat-free:
and bone-free mas,
FM, Trunk fat mass

Gut-brain axis on PD

Heinzel et al. (20) UPDRS Prodromal  BMI, Diet
(ROMEIIL Sniffin
Sticks) Medication
UMSARS

Jones etal. (21) SCOPA-AUT
UPDRS, H&Y

- PDQ-39

ACE-R, EWB, PDQ-39, ADL, LEDD

- Days and route
hospitalization, weight on
admission and discharge, ADL
(FIM), PD drugs.

MMSE Biochemistry (vit D, B12, and
folate levels, hs-CPR)

HADS ESS, PDQ-39, ADL

ACE-R, BDL STAL, ~ MCAS, LEDD

MMSE

= LEDD

MMSE LEDD ADL GDS blood
sample ESR

MoCA, BDI, QUIP  LEDD, PDSS-2, Yale physical

activity survey

- LEDD.

- LEDD, EE, SMR, BMR.

Stool sample DNA extraction,
Microbial measures (a and
diversity and abundance),

enterotypes

MoCA, HVLT, Gl symptoms
JOLO, SDMT, MCI

Pearsons correlation, Multiple

linear regression

Mann-Whitney U test,
Kruskal Wallis test, Friedman's
Two-Way ANOVA, and

‘Spearmans correlations.

Mixed-effect model (linear

and piecewise linear model)

7 test, -testlinear regression

The Kolmogorov-Smirmov,
Spearman correlation. In the
subgroup analysis, a f-test,
Mann-Whitney U test, and
multivariable analysis using a
stepwise linear regression

model

Mann-Whitney U test, 7 test,
univariable and multivariable

logistic regression.

£ test, ttest

ANOVA, 7 test, linear model

regression

Pearson's correlation, 7 test,
squared error of
approximation RMSEA,
comparative fit index CFI,
Index of NFI normalized fit.

One-way ANOVA, Bonferroni
multiple comparisons,

Spearmans correlation.

ANOVA and “¢” test.

The “t” test, and the Pearson

correlation.

Multifactorial analysis, lincar
regression, PERMANOVA,
Fisher exact test, Kruskal-
‘Wallistest, and multinomial

logistic regression

Multilevel models

‘The perception of QoL showed lower scores for body discomfort
(75.3+/-16.6), social support (62.7+/~15.7), and mobility
(61.0+/—23.6). Significant correlation between the QoL and age
(p=0.048), and BMI (p=0.047), suggesting no influence of gender

and nutritional status,

Phase I QoL was poorer in the malnourished, particularly for
‘mobility and ADL domains. There was a significant correlation
between PG-SGA and PDQ-39 score (Phase I p=0.000; Phase 1T
PDQ-39 total or

sub-scores was observed between the INT and SC groups; however,

p=0.002). In phase II, no significant differency

there was significant improvement in the emotional well-being

domain for the entire group (p=0.12).

A poor nutritional status was significantly associated with a poor
ADL in PD.

PD patients at risk of malnutrition status had higher UPDRS
(p=0.046), and impaired cognitive state, poorer memory (p=0.002),
and calculation (p=0.010). PD patients with abnormal vitamin D
levels had a significantly higher hs-CPR level (p=0.046) which
influenced on cognitive function of PD.

A higher score on the UPDRS scale and a longer duration of PD
were associated with lower scores on the MNA scale. The median
score of the H&Y stage was significantly higher in the PD with
abnormal nutritional status (p<0.001). More severe aniety
(p<0.002), depression (p<0.001), and fatigue (p<0.001) were
observed in PD patients with abnormal nutritional status. Except for
stigma, all the other domains of the PDQ-39 were significantly
correlated with the total score of MNA.

More of the malnourished were elderly and had more severe
diseases. UPDRSII, 11T scores and LEDD, body weight were
significantly higher in the malnourished. Older age at diagnosis,
higher LEDD and body weight, greater UPRDSII score lower STAT
score, and higher BDI score as significant predictors of malnutrition.
Living alone and higher BDI and UPDRSIII scores were s
predictors of higher log-adjusted PG-SGA scores.

nificant

‘The PD group had lower body mass, a lower percentage of whole-
body mass, and a better rate of metabolic preposition compared with
controls,with no significant differences in musculoskeletal mass. PD
patients with postural instability and instability when walking had
Tower body fat parameters, increasing free fat mass, and higher
RMR.

Nutritional status drives the association between total and regional
adiposity and disease severity in PD. More motor severity less total
body fat in kg and %, % android fat, trunk-limb fat ratio, trunk-leg

fat ratio, and android-gynoid fat ratio.

Longer disease duration was negatively related to nutritional status
(4
function (p

.01). UPDRS 11, 11 score was associated with reduced cognitive

.01), which was positively related to nutritional status
(p=0.01). Nutritional status was positively related to body weight

(p<0.01).

93% of patients, were classified into normal nutrition and mild
malnutrition groups by CONUT scores. The median weight loss of
the DBS group was significantly lower than that of the oral
medication alone group (p<0.01). The weight loss had a significant
correlation with disease duration (p=0.04), the longer the duration
of the disease, the greater the weight loss.

EGP and GDR were higher in PD patients in OFF conditions than in
the control group p<0.05. Despite, no sigificant changes in blood
glucose throughout the kinetic study; a significant and consistent
22% decrease in EGP occurred in PD patients during Stim-ON
p<0.01, and whole-body glucose kinet

in Stim-ON patients were
no different from those of the control subjects.

Before surgery, male PD patients’ EE was higher while metabolic rate
was lower compared to male controls, and BMR in “on” was higher
than predictive basal metabolic rate but increased more without
levodopa. EE during daily activities was greater “off” than “on’” in
both male and female groups. Following surgery; there was an
increase in weight along with body fat and FEM in both men and
‘women with Parkinson’s. SMR increased in men, but not in women.
EE decreased significantly in both men and women, but there is no

correlation between daily EE changes and weight gain.

Diversity of microbiota a was related with physical inactivity

a pwas

(p=0.007) and exposure to solvents. Diversity of microbi
related physical inactivity (p=0.001), sex (p=0.003), constipation
3

smoking

002, rapid eye movement sleep disturbance (p=0.037), and

0.020). Age and medication for lower urea were

associated with a-ff microbiota diversity. Constipation severity was
significantly associated with decreased abundance of
Faccalibacterium (p=0.022) and Roseburia (p=0.008), physical
fidibacterium (p=0.039), and
.023),
Subthreshold parkinsonism was associated with a decrease in
Odoribacter (p
decrease in Faecalicoccus (p=0.017), and Victivallis (p=0.017), and

exhaustion with a decreast

possible RBD with a decrease in Lactobacillus (p

031). Possible RBD was further associated with a

increased in the abundance of Haemophilus (p=0.003). Urate-
lowering medication was associated with a higher abundance of
Closridium (p=0.005) and Parasutterella (p=0.032).

More severe GI symptoms are predictive of a less favorable trajectory
on tests of written fluency, visuospatial, learning, and memory.
Cognitive performance is only associated with GI symptoms and not

related to autonomic non-gastrointestinal symptoms.
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Sample size Age (Years) Methods

Sample (% PD group Control PD group Control group ~ Objective
Males) group

Type of study

Nutritional status and Qol

Fernandez et al. (9) 23(69.7%) N=33 - 589+11.6 - Evaluate the correlation between
anthropometric variables and QoL of
PD.
Sheard etal. (10) 74 (61.67%) Phase I; Well-nourished = 70 69.0 = To determinate the relationship.
03 Moderately between nutritional status and QoL in
‘malnourished n=17 PD.

Phase I; INT =10 SC n=9
Nutritional status and motor and non-motor symptoms
Nagano etal. (11) 53(55.2%) N=61 - 765 - Investigate the relationship between
nutritional status and ADL in PD.
Chia-yi Lien etal. (12) 15 (45.5%) Risk of malnutrition n=17 - Risk of malnutrition 71.65:+5.5 Well- - Evaluate the relationship between
‘Well-nourished n=16 nourished 71504 1111 clinical symptoms severity and

cognitive function of PD and serum

vitamin D level and nutritional status,

Fereshtehnejad et al. (13) 103 (68.7%) Abnormal nutritional status - Abnormal nutritional status 61.3 - To investigate the association of motor,
#1240 Normal nutritional Normal nutritional status 61.3 psychiatric and fatigue features with
status n=10 nutritional status as well as the effects

of malnutrition on different aspects of

QoL in PD.

Sheard etal. (14) 73 (58.4%) Moderately malnourished - Moderately malnourished 74.0 Well- - Identify the determinants of nutritional

=19 Well-nourished nourished 69.0 status in PD.
n=106

Nutritional status and PD severity

Femat-Roldan et al. (1) 60 (51.72%) n=64 n=52 67212 64512 Compare body composition and RMR
between controls and PD.

Pisciotta et al. (1 124 (64%) UPDRSIII<24 n=97 = UPDRSIII<2473.1 6.7 = To investigate the association between

UPDRSIN>24 n=98 UPDRSIII>2474.2:47.7 PD severity and fat distribution
patterns, and the potential modifier
effect of nutritional status in this
association.

Bril etal. (16) 60 (53%) N=114 - 66.1£9.8 - “To analyze the relationship between
weight loss, nutritional status, physical
activity, and PD-related factors.

Nutritional status and treatment on PD

Umemoto etal. (17) 38 (39,02%) DBS n=34LCIG n=13 - 5842102 - Characterization of the impact of PD

L-dopan=35 treatment on weight loss and clues to
establish the administration of
nutrition on PD.

Batisse-Lignier etal. (15) 8 (50%) n=g n=s 606£2.7 646£33 “To analyze if the stimulation of the
subthalamic nucleus affects post-
absorptive glucose metabolism in PD.

Montaurier et al. (19) 34(70.8%) n=24 n=24 6L1:14 66709 Identify the mechanisms causing body
weight gain in PD following DBS-STN.

Gut-brain axis on PD

Heinzel etal. (20) 350 (52.7%) N=666 - 684463 - Evaluate the diversity, enterotype, and
taxonomy of the intestinal microbiota
and investigate ts relationship with the
risk of PD and its prodromes.

Jones etal. (21) 277 (65.5%) N=423 - 62297 - (1) Analyze the relationship between

GI symptoms and neurocognitive
tasks; (2) Analyze the relationship
between GI symptoms and cognitive
status.

*AC, arm circumference; ACE-R, Addenbrooke’s cognitive examination; ADL, Activities of daily livings; Alb, albumin; BCM, body cell mass; BDI, Beck's Depression Inventory; BE body fat
percentages BEM, body fat mass; BMC, bone mineral content; BMI, Body mass index; BMR, basal metabolic rate; CC, calf circumference; CF1, comparative fitindex; CONUT, Controlling
Nutritional Status; DBS, Deep brain stimulation; DBS-STN, Deep brain stimulation of the subthalamic nucleus; ECW, extracellular water; EE, energy expenditure; EGP, endogenous glucose
production; ESR, erythrocyte sedimentation rate; EWB, emotional well-being; FFA, free faty acid; at-free mass; FOG-Q, Freezing of gait Questionnaire; FSS, Fatigue Severity Scales
FIM, Functional Independence Measure; GDS, Geriatric Depression Scale; GDR, glucose disposal rat; G, gastrointestinal; HADS, Hospital Anxiety and Depression Scale; h-s CRE, high-
sensitive C-reactive protein; HVLT, Hopkins verbal learning test; H&Y, Hoehn and Yahr; INT, Intervention group; JOLO, judgment of line orientation; LCIG, Levodopa/carbidopa intestinal
ael; L-Dopa, Levodopa; LEDD, levodopa equivalent daily dose; LM, lean mass; MCAS, Modified Constipation Assessment Scale; MCI, mild cognitive impairment; MDS-UPDRS, Movement
disorder society unified Parkinson's disease rating scale; MNA, Mini nutritional assessment; MMSE, Mini-Mental State Examination; MoCa, Montreal Cognitive Assessment; MSM,
musculoskeletal mass; NFI, normed ft index; PD, Parkinson’ disease; PDQ-39, PD quality of i scale; PDSS-2, Parkinsonis disease sleep scale-2; PG-SGA, Patient-Generated Subjective
Global Assessment; QUI, questionnaire for impulsive-compulsive disorders in PD QoL quality of life; REM, rapid eye movement; RMR, Resting metabolic rate; RMSEA, root mean square
error of approximation; ROME 111, Scale for diagnostic irritable bowel syndrome; SC, Standard care; SCOPA-AUT, Scale for outcomes i PD for autonomic symptoms; SDMT, symbol digit
modalities test; SGA, Subject global assessment; SMR, sleep metabolic rate; STAL, Spielberg Trait Anxiety Inventory: T-cho, total cholesterol; TCS, triceps cutaneous skinfold; TLC, total
lymphocyte count; UPDRS, Unified Parkinson's disease rating scale; UMSARS, Unified multiple system atrophy rating scales Vit vitamin; VEA, visceral fat area; WC, waist circumference; WL,
weight loss; YPAS, Yale phy

ical assessment scale.

Cross-sectional,
descriptive, and

analytical study.

Prospective study.

Retrospective cohort

study.

Prospective study.

Prospective study.

Prospective study.

Case-control study.

Cross-sectional study.

Prospective study.

Retrospective study.

Prospective study.

Prospective study.

Prospective study.

Prospective study.
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m sarcopenic obesity phenotype (n)

m obesity phenotype (n)

100.0%

80.0%

60.0%

40.0%

20.0%

0.0%

msarcopenic phenotype (n)

=normal phenotype (n)

total

15
34
14
61

GOLD 1+2 GOLD 3+4
9 6
16 18
2 12
33 28
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Normal phenotype Sarcopenic
(1) phenotype
(2)
Age (years) 696463 692470
(69.0;65.0-74.0) (68.0;64.0-723)
Sex —n (%)
Males 31(50.8%) 8(57.1%)
Females 30 (49.2%) 6 (42.9%)
Height 1666+9.5 1625287
(cm) (165.0;161.0-175.0) (161.5;159.3-169.8)
Body mass 7024131 (711;625-77.5) | 52.6£9.1 (S2.1; 47.0-56.9)++*
(kg)
BMI 252437 (251;229-272) | 199232 (19.7; 18.0-20.4)+*
(kg/m2)
TBW 37.2£7.6(37.7:308-423) | 29449 (283;25.5-33-3)%
(kg)
BEM 19.6£7.5(18.9;14.8-245) | 12745 (13.0;9.5-158)*
(kg)
SMM 27.846.2(28.0;224-320) | 214540 (2043 18.2-244)**
(kg)
PBE 276£84(27.3,202-359) | 23.6+7.5 (246 186-27.8)
(%)
ALM (kg) 204£51 (215,162-242) | 154434 (143 125-18.1)%*

ALM index (kg/m2) 7.3£12(736.5-8.1) 5.8£0.8 (5.6;5.2-6.2)+%

12(19.7%)

Low muscle mass

- (%)

14 (100%)3+%

ALM/BMI index 082£0.19 (0.83; 0.65-0.98) | 0.78+0.16 (0.82; 0.68-0.88)

Upper limb strength
(kg)

287497 (25.1;218-380) | 19.5£4.9 (19.1;162-24.0)**

Low upper limb 16/(26.4%) 12(85.79%)***

strength — n (%)

132£42(127:10.1-149) | 166465 (169 11.

Lower limb strength (s)

Low lower limb 16 (26.4%) 8(57.1%)*

strength (%)

Obesity phenotype
(3)

68.8+5.1
(68.5;65.3-71.8)

25(73.5%)
9(26.5%)

169.1£8.8

(170,05 164.0-175.0)

93,5150 (93.0; 83.8-98.0)

32.7:£46 (325 30.0-34.9)+++

421475 (42.1; 36.0-47.2) %

36,3483 (35.3; 30.2-40.2)#+

31746.1 (3145 27.0-35.8)%%

38.846.0 (369 33.5-44.4)***

24.0£4.8 (24.4;20.0-27.4) %+
8311 (8.2;7.5-9.1)*+

1(2.9%)%

074£0.15 (0.79; 0.64-0.83)

328481 (323;27.6-36.0)""

5(147%)

144462 (12.4;104-157)

8(235%)"

Values are presented as numbers (%) or mean: standard deviation (median; interquartile range) for descriptive analyses.

p<005 vs 1; #p<0.01 vs

<0055 3 %p<0.01 v5 3 p<0.001 vs3.

Sarcopenic obesity
phenotype (4)

697466
(69.0;66.5-71.0)

10 (66.7%)
5(33.3%)

1635487
(167.0;156.5-169.5)

98.2£21.0 (96.1; 82.8-110.6)++

36.5£6.0 (34,8 32.7-41.8)++

411£9.0 (40.7; 35.7-46.4)"

42.7£104 (38,

4.8-52.4) %

30747.2(30.9;26.4-34.9)"

43,4440 (445 40.6-45.8) "

231459 (22.8;19.5-26.2)

85£16(8.7:7.2-9.7)%%

1(6.7%)

0.63:£0.11 (0.67; 0.49-0.72)+#+:%

220+9.1 (21.5;14.0-30.5)

13 (86.79%)***%%¢

20,6495 (17.1; 143-24.6)

10(66.7%)**

BMI, body mass index; TBW, total body water; BEM, body fat mass; SMM, skeletal muscle mass; PBE, percent body fat; ALM, appendicular lean mass

0.909

0.169

0076

0.000

0.000

0.000

<0.001

0.000

<0.001

<0.001
<0.001

<0.001

<0.001

<0.001

<0.001

0022

0.003
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Normal
phenotype (1)

Sarcopenic

phenotype (2)

Obesity
phenotype (3)

Sarcopenic obesity
phenotype (4)

Comorbidities (number) 30411
(3.0:2.0-4.0)

Drugs (number) 72441
(7.0;4.0-10.0)

6 MWT (m) 403.6+111.0

(420,05 360.0-472.5)

FEVI 5324190
(52.0;38.0-66.0)

FEVI/EVC 5074116
(52.7;41.5-60.3)

CRP

Values are presented as numbers (%) or mean + standard deviation (mediar

P<005VS 1; ##p<0.01 vs 1.
P<0.05vs 2 "p<001 v52.
<0053,

28411
(3.0;20-30)
77440
(6.0;5.0-11.8)
25841246
(210.0;130.0-375.0)*
3834151
(36.5;30.8-43.5)**
436£93
(42.0538.1-52.0)
32435
(23;1.1-2.8)

33:12
(3.0:30-40)
97443
(10.0;63-12.0)*
350741250
(392.5;3325-427.5)*"
1992178
(45.5:38.5-61.8)
5175142
(53.2;44.5-629)'
52451
(3.1;15-9.1)

interquartile range) for descriptive analyses.

38414
(3.0;3.0-45)
100433
(10.0;80-12.5)*

2753100,
(240.0; 2025-375.0)7
538206
(51.0:39.0-61.5)"
575132
(62.3;47.9-69.4)"
47232
(4.2:2.1-7.7)

SMWT, 6 min walk test; FEV1/FVC, forced expiratory volume in 1s/forced vital capacity; FEV, forced expiratory volume in 15; CRR, C-Reactive Protein.

0078

0.009

<0.001

0053

0028

0519
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Variables Univariate Multivariate

P OR (95%Cl) 2 OR (95%Cl)
Hemoglobin 0.04 0.002* 1.04 (1.02-1.07) 0.05 <0.001* 1.05 (1.02-1.08)
Cervical
0 1.00 (Reference)
1 —0.68 0.062 0.51(0.25-1.03)
Endometrial
0 1.00 (Reference)
1 0.34 0.373 1.40 (0.67-2.95)
Ovarian
0 1.00 (Reference)
1 117 0.144 3.21(0.67-15.41)
ISL stage
1 1.00 (Reference) 1.00 (Reference)
2 —0.67 0419 0.51 (0.10-2.59) —0.65 0.438 0.52 (0.10-2.70)
3 —1.52 0.079 0.22 (0.04-1.19) —-1.74 0.049* 0.18 (0.03-0.99)
Lower Leg PEV —0.01 0.142 0.99 (0.98-1.00)
Whole Leg PEV —0.01 0.246 0.99 (0.98-1.01)

OR, odds ratio; CI, confidence interval.
*P <0.05.

ISL, International Society of Lymphology.
PEV, percentage of excess volume.
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Characteristics

Value (n = 155)

Serum albumin

Prognostic nutrition index (PNI)

Low, <40; Normal, >40; Pvalue Low, <45; Normal, >45; p value
N = 62 N = 93 (60.0%) N =125 N = 30 (19.4%)
(40.0%) (80.6%)
Age 55.47 £+ 10.56 57.214 11.55 54.31£9.74 0.11 55.79 £ 10.56 54.13 % 10.65 044
BMI 26.26 £ 4.06 26.10 25.08 (23.44,28.89) 052 25.89 25.84 £ 356 050
(23.47,29.25) (23.46,29.27)
Hemoglobin 135 (125,145) 1265 134.0 (126.0,141.0) 0.0012* 132 (125,140) 140 (133,150) <0.05*
(120.25,135.75)
White cell count 189135 1854125 4924 1.42 0.76 494 %136 471£131 041
Neutrophil 61.00 (56.45,66.05) 61.12 60.90 (55.40,66.58) 078 61.00 (57.30, 61.12 (53.67, 67.70) 077
percentage (%) (58.10,64.60) 65.70)
Type of cancer
Cervical 104 (67.10%) 47 (75.81%) 57 (61.29%) 0.06 87 (69.60%) 17 (56.67%) 0.17
Endometrial 41 (26.45%) 14 (22.58%) 27 (29.03%) 32 (25.60%) 9 (30.00%)
Ovarian 10 (6.45%) 1(1.61%) 9(9.68%) 6 (4.80%) 4(13.33%)
Post-surgery time 36.0 (12.0, 64.5) 36.0 (12.0,81.0) 33.0 (12.0,60.0) 0.60 36.00 (12.00, 24.00 (12.00, 60.00) 0.50
66.00)
Edema time 24.0 (12.0,57.5) 36.0 (12.0,48.0) 24.0 (12.0,60.0) 0.59 25.00 (12.00, 22.00 (12.00, 48.00) 0.80
60.00)
Survival time 72.0(36.5,111.5) 78.0 72.0 (36.0,101.0) 045 72.00 (40.00, 66.00 (30.00, 117.00) 047
(38.75,124.0) 110.00)
Chemotherapy 111 (71.61%) 46 (74.19%) 65(69.89%) 0.69 89 (71.20%) 22 (73.33%) 0.99
Radiotherapy 108 (69.68%) 46 (74.19%) 62(66.67%) 041 86 (68.80%) 22 (73.33%) 079
Infection history 16 (10.32%) 7 (11.29%) 9(9.68%) 0.79 13 (10.40%) 3 (10.00%) 1.00
Side of lower limb
Left edema 81 (52.26%) 30 (48.39%) 51 (54.84%) 053 65 (52.00%) 16 (53.33%) 1.00
Right edema 74 (47.74%) 32 (51.61%) 42 (45.16%) 60 (48.00%) 14 (46.67%)
ISL stage
1 9(5.81%) 2(3.23%) 7(7.53%) 0.042* 5 (4.00%) 4(13.33%) 0.14
2 109 (70.32%) 39 (62.90%) 70 (75.27%) 89 (71.20%) 20 (66.67%)
3 37 (23.87%) 21 (33.87%) 16 (17.20%) 31 (24.80%) 6(20.00%)
Lower leg PEV (%) 4158 (24.90,63.47) 46.82 38.19 (20.87,57.56) 0.047* 43.38 (25.93, 32.82 (19.74, 52.29) 020
(29.89,67.41) 64.58)
Upper leg PEV (%) 34.20 (22.03,51.79) 38.52 30.55(21.57,47.24) 0.22 36.27 (22.48, 29.63 (14.43, 38.67) 0.09
(22.41,54.35) 52.32)
Whole leg PEV (%) 38.15 (24.38,51.60) 41.96 35.04 (22.67,47.17) 0.07 38.50 (25.89, 32.00 (19.49, 41.96) 0.06
(27.52,60.89) 54.65)

Continuous variables were described using the mean = standard deviation (SD) or media (interquartile 25, interquartile 75), depending on their distribution as assessed by the Shapiro-Wilk
test. Categorical variables were presented as frequencies (n) and proportions (%).

*P <0.05.

ISL, International Society of Lymphology.
PEV, percentage of excess volume.
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Characteristic Overall Advanced lung cancer inflammation index

Quartile 1 (2.8-39.7) Quartile 2 (39.7—- Quartile 3 (56.9— Quartile 4 (8!
56.9) 80.2) 17930.1)
Age (years), mean (SE) 652(05) 60.5(0.6) 586 (03) 57.3(05) <0.001
Sex, n (weighted %) 0037
Female 2,033 (56.3) 430 (52.2) 512(57.1) 531 (55.0) 560 (61.1)
Male 1,901 (43.7) 554(47.8) 471 (42.9) 452 (45.0) 424 (38.9)
Race, 7 (weighted %) <0.001
Mexican American 506 (7.0 103 (5.0) 139(8.0) 150 (7.1) 114(78)
Non-Hispanic Black 876(11.6) 140(68) 173 (89) 205 (10.7) 358 (20.6)
Non-Hispanic White 1,885 (70.7) 593 (78.5) 502(73.0) 455 (71.2) 335(59.5)
Other Hispanic 330 (4.4) 67(33) 85(46) 83(4.1) 95(5.6)
Other 337(6.3) 81(63) 84(5.4) 90(6.9) 82(64)
Marital status, n (weighted %) 0284
Married/living with partner 2,165 (59.7) 522 (56.5) 559(61.1) 564 (61.3) 520(59.5)
Divorced, separated, 1,769 (40.3) 462 (43.5) 424(38.9) 419(38.7) 464 (40.5)
widowed, or never married
Poverty income ratio, 1 0014
(weighted %)
<13 1,366 (24.8) 320 (22.9) 344(26.6) 344 (23.1) 358 (26.8)
131035 1,630 (40.4) 437 (45.5) 411(40.5) 378 (36.4) 404 (39.6)
235 938 (34.7) 227(31.6) 228 (32.9) 261 (40.5) 22(335)
Education level, n (weighted %) 0435
Less than high school 1117 (19.5) 281(20.7) 275 (20.1) 276 (16.6) 285 (207)
High school 971 (25.4) 235(25.5) 256 (26.7) 238 (24.7) 242(248)
More than high school 1,846 (55.1) 468 (53.8) 452(53.2) 469 (58.7) 457 (54.5)
Smoking, n (weighted %) 0.008
Never 1,960 (51.0) 429 (45.4) 490 (50.3) 514 (51.4) 527 (57.0)
Former 1,289(33.2) 379 (38.0) 301 (32.2) 311(346) 298(27.8)
Now 685 (15.8) 176 (16.6) 192(17.5) 158 (14.0) 159 (152)
Alcohol use, n (weighted %) 0.004
Never 647 (13.7) 155 (13.5) 159 (14.0) 152 (118) 181(157)
Former 965 (20.6) 282(26.2) 227 (194) 233 (17.6) 23(193)
Mild 1,317 (38.0) 347 (37.6) 343 (39.2) 335 (41.6) 292(33.0)
Moderate 469 (14.2) 101 (12.1) 12(139) 123 (16.0) 133 (14.8)
Heavy 536 (13.5) 99 (10.6) 142(13.5) 140 (13.0) 155 (17.2)
Body mass index, n (weighted <0001
%)
<25kg/m? 925 (24.1) 389(39.5) 259(26.3) 176 (17.9) 101(103)
25t <30kg/m? 1,207(29.1) 345(35.1) 320 (326) 293 (29.8) 249(25.3)
230kg/m® 1,802 (46.8) 250 (25.4) 404 (41.1) 514(523) 634 (64.4)
Sleep duration, 1 (weighted %) 0028
<7h 1,318 (29.2) 296 (27.8) 288 (26.6) 355 (30.0) 379 (325)
7-9h 2,287 (62.6) 587 (61.9) 605 (64.2) 560 (64.5) 535(59.7)
>9h 329(82) 101(10.3) 90(92) 68(5.5) 70(7.8)
ALT (U/L), mean (SE) 247(035) 231(14) 242(06) 252(09) 263 (06) 012
AST (U/L), mean (SE) 267(03) 28.1(10) 26.1(05) 262(05) 266 (06) 0535
HDL-C (mmol/L), mean (SE) 14001 15(0.02) 14(0.01) 13(001) 13 (0.01) <0.001
Total cholesterol (mmol/L), 50(002) 48(0.04) 50(0.04) 50(004) 52(003) <0.001
mean (SE)
€GER (ml/min/1.73m?), mean 73.0(03) 644 (0.9) 73.1(09) 766 (09) 77.8(09) <0.001
(SE)
Hypertension, 1 (weighted %) 0719
No 1,104 (32.4) 265 (31.0) 297 (34.2) 272 (324) 270 (32.0)
Yes 2,830 (67.6) 719.(69.0) 686 (65.8) 711 (67.6) 714 (68.0)
Hyperlipidemia, n (weighted %) 0017
No 677(17.1) 198 (19.8) 158 (15.7) 170 (19.0) 151 (13.8)
Yes 3,257 (82.9) 786 (80.2) 825(84.3) 813 (81.0) 833 (86.2)
Cardiovascular disease, n <0001
(weighted %)
No 2,978 (78.4) 665 (72.0) 746 (76.3) 775 (84.2) 792 (80.8)
Yes 956 (21.6) 319(28.0) 237(23.7) 208 (15.8) 192(192)
Diabetes melitus, 0239
(weighted %)
No 1,951 (54.9) 501 (55.5) 499 (55.3) 459 (52.8) 492(55.9)
Pre-diabetes mellitus 363(9.6) 104 (12.0) 89(9.0) 85(92) 85(3.1)
Yes 1,620 (35.5) 379 (32.4) 395(35.7) 439 (38.0) 407 (36.0)
Cancer, n (weighted %) <0.001
No 3,286 (81.9) 757 (74.7) 820 (81.9) 844 (844) 865 (86.8)
Yes 648 (18.1) 227(25.3) 163 (18.1) 139 (15.6) 119(132)
Depression, 1 (weighted %) 0298
No (PHQ-9 score < 10) 3,485 (90.4) 877(8.8) 860(11.3) 884(8.2) 864 (10.2)
Yes (PHQ-9 score > 10) 449 (9.6) 107 91.2) 123 (88.7) 99 (91.8) 120 (89.8)

ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; eGFR, estimated glomerular flration rate; HDL-C, high-density lipoprotein cholesterol
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No. of deaths (No. of
participants)

Model 1°

Hazard ratio (95% CI)

Model 2°

Model 3¢

PHQ-9 score

Per 1 score increase
0-9 (no depression)
10-27 (depression)
ALl

Quartile |

Quartile 2

Quartile 3

Quartile 4
pfortrend

PHQ-9, Patient Health Questionnaire-9.
‘Model 1: No adjustment for covariates

857/3,485

128/449

390/984
239/983
201/983

155/984

"Model 2 Adjusted for age, sex, race, PIR, education level, and marital status.
‘Model 3: Adjusted for smoking, alcohol use, sleep duration, AST, ALT, HDL-C, total cholesterol, eGER, hypertension, hyperlipidemia, CVD, DM, and cancer based on Model 2.

103 (1.01-1.05)
1 [Reference]

141 (112-1.77)

1 [Reference]
057 (0.48-0.68)
047 (0.39-0.58)
035 (0.29-0.42)

<0.001

1,05 (1.04-1.07)
1 [Reference]

1.76 (1.42-2.18)

1 [Reference]

0.69 (0.58-0.82)
0.64 (0.53-0.79)
0.48 (0.40-0.58)

<0001

1.04(102-1.06)
1 [Reference]

155 (1.24-1.95)

1 [Reference]
0.76 (0.65-0.90)
0.70 (0.57-0.86)
0.51 (0.41-0.64)

<0.001
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Subgroup Hazard ratio (95% CI)

No. of deaths (No. of Model 1° Model 2° Model 3¢
participants)

PHQ-9 score> 10 Q 450107 1 [Reference] 1 [Reference] 1 [Reference]
(depression) Q 34/123 0.56 (0.36-0.86) 059 (0.38-0.90) 0.68 (0.45-1.04)
5 25199 0.47 (024-090) 0.6 (0.39-1.12) 0.73 (0.44-1249)
Q 24/120 0.45 (022-091) 0.67(0.33-139) 0.65(0.29-146)
PHQ-9 score<10 (no Qi 345/877 0.73 (0.48-1.09) 0.58 (0.39-0.86) 0.69 (0.46-1.03)
depression) Q@ 205/860 0.41(027-063) 0.40 (0.27-0.60) 0,50 (0.33-076)
@ 176/884 0.35(023-053) 0.38 (0.25-0.57) 0.46 (0.29-0.72)
Qi 1317864 0.24(0.16-036) 0.27 (0.18-039) 0.32(021-048)

PHQ-9, Patient Health Questionnaire-9.

‘Model 1: No adjustment for covariates.

"Model 2: Adjusted for age, sex, race, PIR, education level, and marital status.

‘Model 3: Adjusted for smoking, alcohol use, sleep duration, AST, ALT, HDL-C, total cholesterol, eGFR, hypertension, hyperlipidemia, CVD, DM, and cancer based on Model 2.
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