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Editorial on the Research Topic
Cardiovascular anthropometry for large scale population studies



Obesity and overweight are associated with development of cardiovascular diseases (CVD) such as hypertension, diabetes mellitus (DM), and the metabolic syndrome, as well as clinical conditions resulting from the consequent atherosclerotic cardiovascular diseases like stroke, heart attacks and peripheral artery disease. According to the World Health Organization (WHO), obesity, and overweight refer to abnormal or excessive fat accumulating in the body, which in turn impact negatively on health. This realization that overweight and obesity have an adverse effect on health has been recognized as far back as the 6th century BC. The WHO therefore came up with the body mass index (BMI) as measure of overweight and obesity for use in epidemiological studies.

This issue of Frontiers in Cardiovascular Medicine is dedicated to articles in Cardiovascular anthropometry and simple affordable non-anthropometric measures that tend to refine the age long WHO recommended measure, BMI making it more predictive of cardiometabolic diseases.

Whereas Agbo et al. (1) came up with a new index called the Abdominal Height which they recommended for wide scale use in sub-Saharan Africa, several other workers have, utilizing existing anthropometric measures come up with indices predictive of cardiovascular disease risk.

One is the weight adjusted waist circumference index, a quotient of waist circumference and square root of weight. It is a simple surrogate for fat mass accumulation. Applying it to the NHANES data of 1999–2018, Zhang et al. were able to show a linear and significant association with prevalence of heart failure. This has been known and as stated by Koparkar and Biswas (2) cardiomyopathy results as a direct consequence of fat in what has been called adipositas cordis.

Vascular calcification, a measure of severity of atherosclerotic cardiovascular disease is becoming of high utility in predicting higher cardiovascular disease burden. This is most evident with coronary artery disease (3). In this issue, Li et al. used an anthropometric index a body surface index (ABSI) derived from height body mass index and weight circumference to interrogate abdominal aortic calcification (AAC). They showed that ABSI correlated positively with AAC and that its discriminant ability superseded those of the different anthropometric indices from which it was derived.

The body roundedness index (BRI) is another novel anthropometric index that predicts body fat distribution better than BMI. It has been shown to better predict metabolic syndrome and cardiometabolic diseases than other common anthropometric indices (4) as it predicts both body fat and visceral adiposity. In this issue, Ding et al. applying this index in a Chinese middle age to elderly population showed that BRI in the higher trajectory was significantly related to all cause and cardiovascular mortality.

Atrial fibrillation (AF), the commonest arrhythmia in clinical practice is known to be a cause of increased all cause and cardiovascular mortality in the population. It has been shown to be related to body fat (5). From anthropometry, blood chemistry and some life style factors Woo et al. derived more precise cardiovascular disease indices: predicted body fat mass index and predicted lean body mass index. They found that the risk of AF rises with these indices except in those underweight by the BMI classification.

Non-alcoholic fatty disease is known to be a manifestation of metabolic syndrome, a forerunner to cardiometabolic diseases (6). Fatty Liver Index (FLI) derived from certain anthropometric and blood chemistry measures was used by Niu et al. to detect ischemic heart disease (IHD) using data from the 1999–2016 NHANES. This study published in this issue showed a linear and positive relationship between FLI and prevalent IHD.

Using R analysis Li et al. in this issue tried to determine risk factors for hypertension in an overweight and obese population. Seven such factors were identified but age and uric acid exhibited synergistic interaction making them a potential reference standard for initiation of preventive and curative action in overweight and obese hypertensives.

Weight management has been stressed as key in preventing cardiovascular diseases in diabetics (7). Li et al. in this issue interrogating a population of Chinese diabetics found that the burden of cardiovascular disease risk factors changed for the better with weight reduction. This means that for reduction in cardiovascular disease morbidity in diabetics, every effort must be made to normalize body weight.

Quality of diet has a bearing on prevalent cardiovascular diseases (8), hence the impact of dietary modification in the management of cardiovascular diseases. Mohamadi et al. in this issue utilized the diet quality index (DQI) to study overweight and obese women for cardiometabolic risk factors. They were able to show a relationship giving fillip to the need for good quality diet in prevention of cardiometabolic diseases.

Finally Peng et al. using NHANES 1999–2018 data looked at weight change and predicted 10 year risk for atherosclerotic vascular disease in an American population of the elderly. They were able to show that stable weight rather than flux in weight was more beneficial for maintaining cardiovascular health

On the whole, the various contributions in this issue show that though relevant BMI is not very precise in predicting risk of cardiometabolic diseases and new paradigms tracking fat mass and fat location in the body rather than overall weight which includes bone and muscle would be the way to go. This is where the novel anthropometric index, Abdominal Height stands out. It does not require more anthropometric measures for inclusion into an equation to derive, neither does it involve blood sampling and biochemical analyses which introduce inconvenience and cost.
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Background: Weight-adjusted waist circumference index (WWI) is a novel index positively associated with excessive fat accumulation. The current study aims to evaluate the association between WWI and the prevalent heart failure (HF), and to assess the value of WWI to improve the detection of HF in the general population.

Methods: A total of 25,509 subjects from National Health and Nutrition Examination Survey 1999–2018 were included into our study. WWI was calculated as WC (cm) divided by the square root of weight (kg). HF was identified according to the subjects’ reports.

Results: The prevalence of reported HF was 2.96%. With adjustment of demographic, anthropometric, laboratory, and medical history data, one SD increment of WWI could cast an additional 19.5% risk for prevalent HF. After separating WWI into quartiles, the fourth quartile had a 1.670 times risk of prevalent HF compared to the first quartile. Furthermore, smooth curve fitting suggested that the association was linear in the entire range of WWI. Moreover, the association was robust to subgroups of age, sex, race, obesity, hypertension, and diabetes. Additionally, ROC analysis revealed a significant improvement for the detection of prevalent HF from WWI (0.890 vs. 0.894, P < 0.001); And continuous net reclassification index (0.225, P < 0.001) and integrated discrimination index (0.004, P < 0.001) also supported the improvement from WWI.

Conclusion: Our data demonstrated a significant, linear, and robust association between WWI, a simple surrogate for fat mass accumulation, and the risk for prevalent HF in a representative population. Moreover, our results also suggested the potential value of WWI to refine the detection of prevalent HF in the general population.

KEYWORDS
epidemiology, heart failure, fat mass accumulation, weight-adjusted waist circumference index, obesity


Introduction

Heart failure (HF) is a complicated syndrome developed at the end stage of various cardiovascular diseases (1). The prevalence of HF remains a continuous rising trend, and is estimated to be more than 37.7 million individuals globally (2). Until 2011, an estimated 5.7 million patients suffered from HF and 870,000 new cases were diagnosed per year in the United States (3). In many developing countries, the burden of cardiovascular diseases, including HF, is also under a rapid increasing stage (4). Under this grim situation, it is essential to improve the early diagnosis of HF in the general population.

Obesity is one of the major risk factors for the development of HF, both heart failure with persevered ejection fraction (HFpEF) and heart failure with reduced ejection fraction (HFrEF) (5). In the Framingham Heart Study, obesity was identified to independently associate with HF risk with the adjustment of other cardiovascular risk factors (6). Later, the association between obesity and HF risk was confirmed in a study with larger population (7). Furthermore, a similar association between increased body mass index (BMI) and the risk of HF was also observed in non-US population (8, 9). More importantly, distribution of adiposity could play a pivotal role in the impact of obesity on HF incidence and prevalence; a magnetic resonance imaging study demonstrated that visceral but not subcutaneous adipose tissue was related to adverse cardiac remodeling (10). However, the widely used indicator of obesity, BMI and waist circumference (WC), were unable to differentiate between muscle mass and fat mass (11).

In 2018, Park et al. proposed a novel anthropometric index named weight-adjusted-waist index (WWI) (12). WWI has been demonstrated to positively correlated with fat mass but negatively associated with muscle mass (13). Later studies have identified that WWI is associated with cardiovascular diseases and mortality (14–16). However, the association between WWI and the prevalent HF remains unclear. Therefore, the current study aims to evaluate the association between WWI and the risk of prevalent WWI, and to assess whether WWI could improve the detection of prevalent HF in the general population.



Materials and methods


Subjects

Our current analysis was a secondary analysis of the National Health and Nutrition Examination Survey (NHANES) 1999–2018. The NHANES survey refers to a series of cross-sectional survey conducted by the National Center for Health Statistics (NCHS), an affiliated department of the Centers for Disease Control and Prevention. The survey was conducted in the United States for every 2 years in the past two decades. The survey adopted a multistage, stratified, and clustered probability sampled pattern to maintain its representativity. The data from different circle of survey could be appended together for integrated analysis. More detailed information about the NHANES design and conduction is available to the public at the NHANES official website.1 In the current analysis, the inclusion criterion was subjects aged ≥ 20 and ≤85 years old. The exclusion criteria were subjects with incomplete data used in the current analysis. A total of 25,509 subjects were finally enrolled into our study (Supplementary Figure 1). The protocol of NHANES survey was approved by the NCHS institutional Ethics Review Board, and our current study did not contain any person identifying material. Therefore, the current study did not require further ethic review. All data used in our study could be downloaded from the NHANES official website.



Data collection and measurements

Interviews were conducted at subjects’ home during the data collection process, and laboratory examinations were performed at the Mobile Examination Center (MEC). Demographic data were collected by trained stuffs through a computer-assisted interviewing system. For subjects who could not answer the question by themselves, a family member would answer the questions instead. Drink for at least 12 times during the past year before enrollment was regarded as current drinking. Subjects answered “some days” or “every day” to the question “Do you now smoke cigarettes” were determined as current smoking subjects. The poverty-to-income ratio (PIR) was used to estimate the socioeconomic status, and it was calculated by family income ratio to the federal poverty threshold. The definition of HF is based on the question “Someone ever told you had congestive heart failure” from the questionnaire. Similarly, coronary heart disease (CHD) was defined as answering “yes” to the question “Someone ever told you had coronary heart disease.”

Anthropometric parameters were collected with a standard operation procedure. Waist circumference (WC) and height were quantified to the nearest 0.1 cm; weight was quantified to the nearest 0.1 kg. Blood pressure was measured after sitting and resting quietly for at least 5 min. The mean value of three blood pressure recordings was used in the current analysis. More detailed information about the blood pressure measurement is available in the “Physician Examination Procedures Manual” on the NHANES official website.

Laboratory examinations were conducted at laboratories certified by the CDC. Fasting plasma glucose (FPG) was measured by the oxygen rate method on the Modular Chemistry side of the Beckman DxC800; Blood lipids were quantified by enzymatic assay on the Roche modular P and Roche Cobas 60,000 chemistry analyzers. Serum creatinine (Scr) was determined by DxC800 modular chemistry side through the Jaffe rate method.



Definition

Body mass index was calculated as weight (kg) ratio to height (m) squared. Answering “Yes” to the question “Take diabetic pills to lower blood sugar” or “Taking insulin now” was regarded as anti-diabetic therapy; FPG ≥ 7 mmol/L and/or self-reported use of anti-diabetic therapy was defined as diabetes (17). Answering “Yes” to the question “Now taking prescribed medicine for hypertension” was determined as anti-hypertensive therapy; A mean systolic blood pressure (SBP) ≥ 140 mmHg, a mean diastolic blood pressure (DBP) ≥ 90 mmHg, and/or anti-hypertensive therapy were indicated as hypertension (18). Answering “Yes” to the question “Now taking prescribed medicine for cholesterol” during the interview was defined as lipid-lowering therapy. WWI was calculated as WC (cm) divided by the square root of weight (kg) (12).



Statistical analysis

In our study, statistical data were weighted because of the survey design of NHANES.2 Categorical variates were also summarized as frequency and 95% CI. Continuous variates were listed as the mean value with 95% confidence intervals (CI). Comparison of categorical variates and continuous variates were conducted by Chi-square test and t-test, respectively. Association between WWI and the risk of prevalent HF was assessed by multivariate logistic regression analysis. The results were displayed as odds ratios (ORs) and 95% CI. Furthermore, A generalized addictive model with a spline smooth-fitting function was conducted to investigate whether the association was linear in the entire range of WWI. Finally, receiver-operating characteristic (ROC) curve and reclassification analysis (continuous net reclassification index, NRI and integrated discrimination index, IDI) were conducted to assess the potential value of WWI to improve the detection of prevalent HF. All the statistical analysis was conducted by s Stata Statistical Software (version 15.0; StataCorp. LLC., College Station, TX, USA), statistical software packages R3 (The R Foundation) and EmpowerStats4 (X&Y Solutions, Inc., Boston, MA, USA). A two-tailed P-value less than 0.05 was regarded as statistical significance.




Results


Subjects characteristics

The characteristics of enrolled subjects were summarized in Table 1. The prevalence of HF was 2.96% (754/25509). Regarding the demographic data, HF patients had a significantly higher age level, larger percentages of male sex, white race, and current drinking status, and a subsequently lower PIR level than subjects without HF. For the anthropometric data, weight, BMI, WC, SBP levels were significantly higher in HF patients, while DBP level was lower in HF patients. Laboratory exams revealed that FPG, total cholesterol (TC), and Scr were higher in HF patients and HDL-c was higher in subjects without HF. Medical history data showed that the percentages of receiving anti-hypertensive therapy, anti-diabetic therapy, lipid-lowering therapy, and CHD history were remarkably higher in HF patients than their counterparts. Accordingly, the prevalence of hypertension and diabetes were subsequent lower in subjects without HF. Finally, the level of WWI was significantly higher in HF patients than in subjects without HF.


TABLE 1    Subjects’ characteristics.
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Linear association between weight-adjusted waist circumference index and the prevalent heart failure

Logistic regression analysis was conducted to assess the association between WWI and the prevalent HF. The results were showed in Table 2. In the crude model, each SD increase of WWI could cast a 2.484 times risk of prevalent HF. After adjustment of demographic covariates, including age, sex, race, current smoking and drinking status, and PIR, the additional risk for each SD increase of WWI diminished to 66.9%. With the further adjustment of BMI, WC, Scr, FPG, TC, high-density lipoprotein (HDL), SBP, anti-hypertensive therapy, anti-diabetic therapy, lipid-lowering therapy, and CHD history, the additional risk reduced to 19.5%. When separating WWI values into quartiles, the risk for prevalent HF increased significantly alone with the elevation of WWI quartiles (P for trend = 0.040), and the top quartile had a 1.670 times risk of prevalent HF when compared to the first quartile.


TABLE 2    Association between weight-adjusted waist circumference index (WWI) and the reported heart failure (HF).

[image: Table 2]

Our study also employed a generalized additive model with a smooth curve fitting function to assess the linearity of the association between WWI and the prevalent HF (Figure 1). The model was adjusted for all covariates used in Model 2 of Table 2. The results displayed that the association was linear in the entire range of WWI. The risk for prevalent HF increased from around 2% at the lowest end of WWI to more than 4% at the highest end of WWI.


[image: image]

FIGURE 1
Smooth curve fitting to evaluate the linearity of the association between weight-adjusted waist circumference index (WWI) and the reported heart failure (HF). The model was adjusted for age, sex, race, current smoking, current drinking, poverty-to-income ratio (PIR), body mass index (BMI), waist circumference (WC), serum creatinine (Scr), fasting plasma glucose (FPG), total cholesterol (TC), high-density lipoprotein (HDL), systolic blood pressure (SBP), anti-hypertensive therapy, anti-diabetic therapy, lipid-lowering therapy, and coronary heart disease (CHD) history (The same as Model 2 in Table 2). The solid line in the plot referred to the estimated risk of prevalent reported HF, and the dotted lines indicated the pointwise 95% CI. The association followed a linear pattern in the entire range of WWI.




Robustness of the association between weight-adjusted waist circumference index and the prevalent heart failure

To investigate whether the association between WWI and the prevalent HF was robust among several conventional cardiovascular subpopulations, we conducted subgroup analysis with interaction test (Figure 2). The model was adjusted for all covariates in Model 2 of Table 2, except for the covariates used to define subgroups. The figure showed that our main finding was robust in subgroups of age (<60 or ≥60), sex, race (white or others), obesity, hypertension, and diabetes, with all P for interaction > 0.05.
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FIGURE 2
Subgroup analysis for the association between weight-adjusted waist circumference index (WWI) and the prevalent reported heart failure (HF). The multivariate logistic model adjusted for all variates in used in Model 2 of Table 2, except for the variate that used to define subgroups. None of the stratified variables, including age, sex, race, obesity (BMI ≥ 30 kg/m2), hypertension, and diabetes, significantly modified the association between WWI and the reported HF (all P for interaction > 0.05).




Significant value of weight-adjusted waist circumference index to refine the detection of prevalent heart failure

Receiver-operating characteristic and reclassification analysis were employed to assess the value of WWI to refine the detection of prevalent HF (Table 3 and Supplementary Table 1). The AUC of WWI for the detection of prevalent HF was 0.709 (0.704–0.715), significantly higher than that of BMI (0.598, 95% CI: 0.592–0.604) and WC (0.659, 95% CI: 0.653–0.665). When adding WWI into conventional risk factors (including BMI and WC), the AUC for prevalent HF significantly increased from 0.890 (0.886–0.893) to 0.894 (0.890–0.897). About the reclassification analysis, both continuous NRI (0.225, 95% CI: 0.152–0.297) and IDI (0.004, 95% CI: 0.002–0.007) revealed a significant improvement for the detection of prevalent HF when adding WWI into conventional cardiovascular risk factors.


TABLE 3    Receiver-operating characteristic (ROC) and reclassification analysis for weight-adjusted waist circumference index (WWI) to improve the identification of reported heart failure (HF).
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Discussion

In the current study, our data demonstrated a significant and positive association between WWI, a novel, easy-acquired indicator of adipose obesity, and the prevalent HF in a representative American population. Furthermore, the association was linear in the entire range of WWI, suggesting risk of prevalent HF increased proportionally with the elevation of WWI. Moreover, the association was robust in several conventional cardiovascular subpopulations. Finally, results from both ROC and reclassification analysis demonstrated the significant value of WWI to refine the detection of prevalent HF. Therefore, our analysis suggests the potential association between WWI and the risk of prevalent HF in the general population, and our findings also support the potential incremental value of WWI to optimize the detection of prevalent HF in the general population.

Our results confirmed the association between WWI and the risk of prevalent HF in the general population. In multivariate logistic regression analysis, WWI showed a significant and positive association with the prevalent HF even after adjusting for demographic, anthropometric, laboratory, and medical history covariates. It is necessary to mention that the adjusted covariates included BMI and WC. Therefore, the association between WWI and prevalent HF is independent from the confounding effect of general obesity and simple abdominal obesity, suggesting the impact of fat mass on the risk of prevalent HF. Furthermore, we also observed a significant and linear trend toward higher risk of prevalent HF. Moreover, smooth curve fitting also confirmed the linear trend; the risk for prevalent HF increased proportionally with the elevation of WWI value, without any threshold or saturation effect. These results implicate that WWI could serve as an independent and linear indicator for the risk of prevalent HF in the general population.

The results from the subgroup analysis demonstrated that the significant association between WWI and the prevalent HF was consistent among several conventional cardiovascular subpopulations. Results displayed in Figure 2 revealed that the association was robust to age, sex, race, obesity, hypertension, and diabetes subgroups. The ORs in these subgroups were similar to the OR observed in the entire population. Some subgroups showed difference, such as sex subgroups, race subgroups, and obesity subgroups; However, the none of the P-value for interaction reached statistical significance. Importantly, we observed a difference in OR value between subjects with and without obesity. Subjects with obesity had a higher risk increase for prevalent HF for each SD increase of WWI than subjects without obesity, suggesting obesity subjects could be more vulnerable to the increase of WWI, and the underlying fat mass. However, the difference did not achieve statistical significance. Hence, this finding still requires more study to validate.

Receiver-operating characteristic and reclassification analysis revealed the potential role of WWI in detecting prevalent HF. The AUC of WWI was significantly higher than that of BMI and WC, suggesting the superior value of WWI in HF identification. Furthermore, when introducing WWI into conventional cardiovascular risk factors, we observed a significant improvement for the identification of prevalent HF. Nevertheless, ROC analysis still has its limitation even if it is the most common approach to assess the diagnosis ability of novel markers. ROC analysis possesses a low sensitivity to identify the usefulness of a new index to improve the risk identification of prevalent diseases (19). Rather than detecting the value of an index itself to improve risk identification, ROC only compares the ability of different models (20). Therefore, ROC analysis alone may be insufficient to evaluate the impact of a new index to refine the risk identification of prevalent diseases. Accordingly, statisticians have proposed reclassification analysis to investigate the incremental value of new indexes for refining risk identification of prevalent diseases (21–23). In the current analysis, both continuous NRI and IDI were significant, implicating a significant and incremental value of WWI to optimize the risk identification of prevalent HF. In general, both ROC and reclassification analysis reported an incremental value of WWI to refine the risk identification of prevalent HF. Therefore, clinicians may achieve more precise identification of patients with high risk of prevalent HF from the general population by applying WWI into primary care settings.

Our findings were consistent with established data. In a recent published article, Huynh et al. demonstrated that increased intramuscular thigh muscle fat accumulation is independently associated with HF, suggesting excessive adiposity deposition, especially the intramuscular fat, contributes to the elevation of HF risk (24). From the view of pathophysiology, excessive adipose accumulation could lead to HF through multiple pathways, including altered hemodynamics, cardiac structure remodeling, inflammation, and neurohumoral and cellular dysfunction (25). Our current study suggests that WWI, a simple estimate of fat mass, may associate with the risk of prevalent HF. Therefore, our study provides a clue to transform the pathophysiological association between fat accumulation and HF into clinical practice.

Except of some novel findings, our study still has some disadvantages. First, the cross-sectional design of the NHANES did not allow us to assess the value of WWI to predict the occurrence of HF. Therefore, the goal of our current study focused on the association between WWI and the presence of HF, and we also aimed to evaluate whether WWI could improve the detection or identification of the presence of HF in the general population. Studies with longitudinal design is required to confirm our findings. Second, we excluded a number of NHANES participants due to lack of related variates, which could introduce bias into our results. Third, some variables, such as the medication history and the self-reported HF, relied on the recall of the participants, and we could not categorize the subtypes of HF. This could introduce information bias into our current study. However, these variables are naturally difficult to define according to objective criteria in large sample size studies, and the NHANES was conducted strictly to its protocol. Therefore, we believe the information bias was still acceptable in our current study, but we still need more studies to confirm our findings. Fourth, the NHANES study was conducted only in the United States, whether our findings are applicable to other populations remains unclear. Last, we have adjusted for demographic data, anthropometric data, laboratory data, and medication data in our current study. Nevertheless, many factors associated with HF could confound the association between WWI and HF. However, due to the limited data provided by NHANES, we could not adjust all confounders in the current study. This is a natural limitation of observation studies. Accordingly, more studies with more detailed data collection are needed to validate our results. Based on above four points, more longitudinal studies with more detailed information are needed to confirm our findings.
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Background: The association between a body shape index (ABSI) and abdominal aortic calcification (AAC) is still unclear, so we tried to prove the association between ABSI and AAC in the general population in this cross-sectional study.

Materials and methods: After excluding participants with missing data on height, weight, waist circumference (WC), and AAC, we finally selected 3,140 participants aged 40–80 years from the 2013–2014 National Health and Nutrition Examination Survey. Using multivariate logistic regression and receiver operating characteristic (ROC) curves to test the association between ABSI and AAC.

Results: Participants (median age: 58.0 years; 48.3% men) were divided into two groups by the optimal cutoff point of ABSI: higher ABSI (> 0.84) and lower ABSI (≤ 0.84). Participants with higher ABSI showed significantly higher proportion of AAC than those with lower ABSI (39.8 vs. 23.7%, P < 0.001). Participants with higher ABSI had an increased risk of developing AAC in crude model (ABSI as a continuous variable: OR = 2.485, 95% CI: 2.099–2.942, P < 0.001; as a categorical variable: OR = 2.132, 95% CI: 1.826–2.489, P < 0.001), and ABSI was still independently associated with AAC in all adjusted models (all P < 0.05). Further subgroup analyses showed that higher ABSI was consistently associated with AAC in subgroups with sex (male or female), age (≤ 65 or > 65 years), smoking history (yes or no), hypertension (yes or no), diabetes (yes or no), sleep disorder (yes or no), body mass index (BMI) (< 23 or ≥ 23 kg/m2), systolic blood pressure (< 140 or ≥ 140 mmHg), diastolic blood pressure (< 90 or ≥ 90 mmHg), fasting plasma glucose (< 126 or ≥ 126 mg/dL), and low-density lipoprotein cholesterol (≤ 130 or > 130 mg/dL) (P for interaction > 0.05). While in other subgroups, the association was no longer synchronized. The ROC showed that the area under the curve of ABSI was significantly higher than height, weight, BMI, WC, and waist-to-height ratio (WHtR).

Conclusion: Higher ABSI was closely associated with higher risk of AAC, and discriminant ability of ABSI for AAC was significantly higher than height, weight, BMI, WC, and WHtR.

KEYWORDS
a body shape index, body mass index, waist circumference, waist-to-height ratio, abdominal aortic calcification


Background

Abdominal aortic calcification (AAC) refers to vascular calcification in the abdominal aorta, which has been proved by previous studies to be related to coronary artery calcification and the severity of cardiovascular diseases (CVDs) (1–3). Calcium deposits may occur in all layers of blood vessels, including intima, media, and adventitia (4, 5). The mechanism of vascular calcification has not been fully elucidated. It has been reported that chronic inflammation, insulin resistance, oxidative stress, vascular smooth muscle cell transdifferentiation, mitochondrial dysfunction, apoptosis, autophagy and DNA damage are involved in the occurrence of vascular calcification (4, 6–8). And in clinical practice, it has been reported that advanced age, smoking, obesity, diabetes, dyslipidemia and low relative lean mass may be the risk factors of AAC (4, 9–12). However, there may be other risk factors for AAC, such as nutritional and metabolic disorders. Further elucidation of other risk factors of AAC and targeted intervention are beneficial to prevent the occurrence and development of AAC, thereby reducing the occurrence of cardiovascular events.

For decades, with the improvement of living conditions, obesity, especially central obesity, has become an increasingly serious global health problem (13). In contrast to subcutaneous fat, visceral fat accumulation has been shown to be closely associated with dyslipidemia, insulin resistance, diabetes and hypertension, all of which increase the risk of CVDs (13–15). Hence, it is of great significance to find a propagable and simple clinical tool for detecting visceral fat and diagnosing central obesity. At present, the traditional anthropometric indicators mainly include height, weight, body mass index (BMI), waist circumference (WC), hip circumference andwaist-to-height ratio (WHtR). However, these indicators have some limitations. For instance, BMI can’t reflect the fat distribution (14). Although WC is generally considered to be a sign of central obesity, it still has some limitations, such as being disturbed by race and gender (16, 17). Therefore, in order to overcome these limitations, Krakauer et al. developed a new nutritional index, namely a body shape index (ABSI), which is calculated from height, weight and WC (18). And their study confirmed that ABSI was positively associated with visceral fat or central obesity, and they also found that the association between ABSI and premature death was higher than that of BMI and WC (18). Since then, ABSI has received more and more attention. Subsequent studies revealed the association between ABSI and arterial stiffness (19), carotid atherosclerosis (20), hypertension (21), metabolic syndrome (22), diabetes, and CVDs (23–27). For example, Ma et al. showed in a large cross-sectional study that ABSI was closely related to subclinical carotid atherosclerosis in participants without cardio-cerebrovascular disease and hypertension, diabetes, and hyperlipidemia (28). In addition, Otaki et al. found an independent association between ABSI and deaths associated with aortic disease in a large cohort study of 630,842 participants (29).

However, as far as we know, data about the association between ABSI and AAC is currently lacking. Furthermore, there are no related studies to compare the predictive efficiency of traditional anthropometric indicators and ABSI for AAC. Therefore, the present study was to explore the association between ABSI and AAC. Besides, we also tried to test the predictive ability of ABSI and anthropometric indicators for AAC in the general population aged 40–80 years from the 2013–2014 National Health and Nutrition Examination Survey (NHANES 2013–2014).



Materials and methods


Study population

National Health and Nutrition Examination Survey (NHANES) is a regular survey of representative samples of the general population in the United States, which aimed to investigate the health and disease status of the general population in the United States and provide perfect health guidance, the contents and survey data of which have been described in detail in other literatures (30). After excluding participants with missing data on height, weight, WC, and AAC, we finally selected 3,140 participants aged 40–80 years from the NHANES 2013–2014 for this cross-sectional study. The protocol of NHANES 2013–2014 was approved by the National Center for Health Statistics of the Center for Disease Control and Prevention Institutional Review Board (Protocol #2011-17), all participants of the present study provided written informed consent at the time of enrollment, and the study was consistent with the principles of the Declaration of Helsinki. Flow chart of participant selection of the present study was shown in the figure below (Figure 1).


[image: image]

FIGURE 1
Flow chart of the study population enrollment. NHANES 2013–2014, 2013–2014 National Health and Nutrition Examination Survey; AAC, abdominal aortic calcification.




Survey and measurement

The demographic characteristics of all participants were obtained by standardized family interview questionnaire, including age, sex, race, smoking history, history of diabetes, hypertension, osteoporosis, and sleep disorder. The race was divided into five groups: non-Hispanic White, non-Hispanic Black, Mexican American, other Hispanic and others. Smoking history was divided into two groups: yes and no. Height, weight, systolic blood pressure (SBP), diastolic blood pressure (DBP), and WC were measured by medical trained professionals according to measurement procedures and standards, and the calculation method of the BMI was: weight (kg) divided into the square of the height (meter). The WHtR was defined as the ratio of WC to height. The parameter values of blood samples of participants were determined strictly according to operational procedures by medically trained technicians in standard basic laboratory, including blood lipid profile, fasting plasma glucose (FPG), hemoglobin A1c (HbA1c), serum electrolytes, kidney function, etc.

For the calculation of ABSI, we used the formula described by Krakauer et al. based on height, BMI and WC (18), that is:
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In our study, we divided participants into two groups based on the optimal cutoff point of ABSI: higher ABSI (> 0.84; n = 1,264) and lower ABSI (≤ 0.84; n = 1,876).

Abdominal aortic calcification (AAC) was gained by transverse scanning of the lumbar spine (vertebrae L1–L4) with dual-energy X-ray absorptiometry (DXA) (Densitometer Discovery A, Hologic, Marlborough, MA, USA) and semi-quantified by the Kauppila score system, with scores ranging from 0 to 24, and the specific scoring rules of AAC have been described in detail elsewhere, that is, as shown in Figure 2, the severity of calcification of the anterior and posterior walls of the abdominal aorta in each segment from L1-L4 was evaluated separately, and a score of 1 (< 1/3), 2 (1/3∼2/3) or 3 (> 2/3) was given according to the extent of calcification involvement in that segment, and the total score for each segment involved was the AAC score (0–24) for that patient (31–33). We divided AAC into two groups: no calcification (AAC = 0) and calcification (AAC > 0).
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FIGURE 2
24-point semi-quantitative AAC scale and image by DXA (33). AAC, abdominal aortic calcification; DXA, dual-energy X-ray absorptiometry.




Statistical analysis

All Statistical tests were performed with SPSS 19.0 (SPSS Inc., Chicago, IL, USA), MedCalc version 19.1 (MedCalc Software, Belgium) and R Programming Language (version 3.6.3, R Foundation for Statistical Computing, Vienna, Austria). Continuous variables were expressed as mean ± standard deviation or median (quartiles: Q1, Q3) depending on whether the data was normal distribution, and the independent-sample t-test or Mann-Whitney U test was used to examined the differences between the two groups. Categorical variables were presented as numbers (percentages), and chi-square test or fisher’s exact test was used to tested the differences between groups. The effect of ABSI on AAC was evaluated by the multivariate logistic regression in different models, including crude model and adjusted models. Crude model: unadjusted; Model 1: adjusted for age, smoking history, hypertension, diabetes, and osteoporosis; Model 2: adjusted for variables included in Model 1 and BMI, SBP; Model 3: adjusted for variables included in Model 2 and triglycerides (TG), total cholesterol (TC), creatinine, FPG. In multivariate logistic regression analysis, four models (crude model and Model 1–3) including covariables with P < 0.1 for avoiding missing some important factors and clinical significance were established to assess the predictive significance of ABSI for AAC. Further subgroup analyses were performed to test the consistence of the predictive significance of ABSI for AAC according to sex (male or female), age (≤ 65 or > 65 years), smoking history (yes or no), hypertension (yes or no), diabetes (yes or no), osteoporosis (yes or no), sleep disorder (yes or no), BMI (< 23 or ≥ 23 kg/m2), SBP (< 140 or ≥ 140 mmHg), DBP (< 90 or ≥ 90 mmHg), FPG (< 126 or ≥ 126 mg/dL), HbA1c (< 6.5 or ≥ 6.5%), and low-density lipoprotein cholesterol (LDL-C) (≤ 130 or > 130 mg/dL). The model used in the subgroup analyses did not contain other covariates. Besides, possible modifications of the association between ABSI and AAC were also assessed by interaction tests. C-statistics derived from receiver-operating characteristic (ROC) curve analysis was used to test the predictive potential of ABSI and traditional anthropometric indicators for AAC, and examine the incremental effects of ABSI on the predictive potential of the baseline risk model that including age, smoking history, diabetes, hypertension, osteoporosis, SBP, TG, TC, FPG, HbA1c, creatinine, uric acid, alkaline phosphatase (ALP), total calcium, and 25-OH-VitD3. DeLong’s test was performed to compare the area under the curve (AUC) of each prediction model. The optimal cutoff point of ABSI for predicting AAC was determine by ROC curve analysis. A two-tailed P value < 0.05 was regarded as statistically significant.




Results

The 3,140 participants [age: 58.0 (48.0, 68.0) years; 48.3% men] enrolled in the present study were divided into two groups based on the optimal cutoff point of ABSI: higher ABSI (> 0.84; n = 1,264) and lower ABSI (≤ 0.84; n = 1,876). Baseline characteristics of total population and participants stratified by the ABSI of 0.84 were displayed in Table 1 and Figure 3. Compared with participants in lower ABSI group, those with higher ABSI appeared to be older, displayed higher levels of WC, WHtR, SBP, and AAC score, and higher percentage of male, non-Hispanic White and smoker, and higher prevalence of diabetes, hypertension, osteoporosis, sleep disorder, and AAC, while lower BMI. Laboratory indices including FPG, TG, blood urea nitrogen (BUN), uric acid, creatinine, HbA1c, γ-glutamyl transpeptidase (GGT), and ALP were significantly higher in participants with higher ABSI, while TC, LDL-C, and high-density lipoprotein cholesterol (HDL-C) levels were comparatively lower (P < 0.05).


TABLE 1    Participants characteristics stratified by the optimal cutoff point of a body shape index (ABSI).
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FIGURE 3
Bar graph of mean value of AAC score stratified by a body shape index (ABSI). AAC, abdominal aortic calcification. *Compared with lower a body shape index (ABSI) group, participants in higher ABSI group had significantly higher AAC score (P < 0.001).


In multivariate logistic regression analysis, with the increase of confounding factors, higher ABSI remained to be an independent risk predictor of AAC, whether ABSI was regarded as a categorical or continuous variable (all P < 0.05 in Model 1–3) (Table 2). Further subgroup analyses (Figure 4) showed higher ABSI (regarding lower ABSI as reference) was consistently correlated with AAC in eleven subgroups, including sex, age, smoking history, hypertension, diabetes, sleep disorder, BMI, SBP, DBP, FPG, and LDL-C (P for interaction > 0.05). However, in the osteoporosis and HbA1c subgroups, the association was no longer synchronized (P for interaction < 0.05). Interestingly, the risk of participants with higher ABSI developing into AAC seemed to be more noticeable in participants without osteoporosis [OR (95% CI): 2.157 (1.829–2.542), P < 0.001] and with HbA1c < 6.5% [OR (95% CI): 2.251 (1.898–2.669), P < 0.001].


TABLE 2    Univariable and multivariable logistic regression analyses of associations between a body shape index (ABSI) and abdominal aortic calcification (AAC).
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FIGURE 4
Logistic regression analysis of associations between ABSI and AAC in different subgroups. The OR was examined regarding lower ABSI as reference (stratified by the optimal cutoff point of ABSI determined by ROC curve analysis). P value < 0.05 and P for interaction < 0.05 were regarded as statistically significant. ABSI, a body shape index; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; LDL-C, low-density lipoprotein cholesterol; OR, odds ratio; CI, confidence interval.


The ROC curve analysis showed that the discriminant ability of ABSI for AAC was significantly higher than that of other univariate predictive models, including height, weight, BMI, WC, and WHtR (all P for comparison < 0.001). However, the addition of ABSI had no significant increasing effect on the AUC obtained by the baseline risk model composed of age, smoking history, diabetes, hypertension, osteoporosis, SBP, TG, TC, FPG, HbA1c, creatinine, uric acid, ALP, total calcium, and 25-OH-VitD3 (AUC: baseline risk model, 0.726 vs. baseline risk model + ABSI, 0.728, P for comparison = 0.098) (Table 3, Figure 5).


TABLE 3    C-statistics for discrimination ability of different models.
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FIGURE 5
C-statistics evaluating incremental effect of different models. (A) ABSI vs. Height or Weight or BMI or WC or WHtR; (B) Baseline risk model without ABSI vs. Baseline risk model with ABSI. ABSI, a body shape index; BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio. The baseline risk model included age, smoking history, diabetes, hypertension, osteoporosis, systolic blood pressure, triglycerides, total cholesterol, fasting plasma glucose, hemoglobin A1c, creatinine, uric acid, alkaline phosphatase, total calcium, and 25-OH-VitD3.




Discussion

As far as we know, the present study was the first report on the association between ABSI and AAC. In the present study, we retrospectively explored the predictive importance of ABSI for AAC. The main findings were as follows: (1) compared with participants in lower ABSI group, those with higher ABSI showed higher AAC score and higher prevalence of AAC; (2) higher ABSI increased the risk of AAC by 20–30% compared with lower ABSI, although after adjusting for possible interference factors; (3) the risk of participants with higher ABSI developing into AAC seemed to be more noticeable in participants without osteoporosis and with HbA1c < 6.5%; (4) the discriminant ability of ABSI for predicting AAC was significantly higher than height, weight, BMI, WC, and WHtR. These results suggested that ABSI may be essential for risk management of AAC.

Abdominal aortic calcification (AAC) has been widely considered as an important risk factor for CVDs, and it is very common in patients with CVDs. Some studies have shown that AAC is significantly associated with incident myocardial infarction (2), stroke (34), osteoporosis (35), fracture (36), CVDs mortality (2), and all-cause mortality (3). Therefore, the identification of pathogenic factors of AAC is of great clinical significance for primary and secondary prevention of CVDs. Several studies showed that advanced age, smoking, diabetes, obesity, and dyslipidemia may be the risk factors of AAC (4, 9–11). However, there may be other risk factors for AAC, such as nutrition indices.

At present, BMI and WC are the most commonly used anthropometric indicators in clinical practice, but both of them have some limitations in fat distribution. First, BMI not only can’t distinguish between adipose and non-adipose tissue, but also can’t reflect the distribution of fat (37). In fact, people with excess visceral fat or central obesity are more likely to develop CVDs and metabolic syndrome (14, 15). Unlike BMI, WC has always been regarded as an alternative indicator of central obesity (38). Previous studies have shown that WC could predict the risk of death better than BMI (39, 40), but a comparative study showed that WC was weakly or negatively correlated with subclinical CVDs (19). This suggests that the ability of WC to predict metabolic-related diseases may be overrated. The reason for this may be that the WC can’t distinguish between subcutaneous fat and visceral fat, and can’t reflect the difference of height and race (17). Therefore, WC may not be enough to fully represent central obesity. In addition, although there is evidence that WHtR derived from WC and height can predict metabolic disorders (41), it fails to reflect differences of weight between individuals. Therefore, it is essential to develop a better tool to assess central obesity. It is reported that imaging technology is the gold standard for the evaluation of central obesity, but it is difficult to be widely popularized because of its high cost, complex operation, and radiation. Therefore, a simple evaluation method comes into being, that is, ABSI developed by Krakauer et al. in 2012 (18).

The association between a body shape index (ABSI) is a recently developed nutritional index composed of height, weight, and WC, which is reported to be positively associated with central obesity, metabolic related diseases and death risk (18, 22). A subsequent study found that among teenagers, ABSI was better in identifying hypertension than BMI and WC (42). And in Chinese adults, ABSI is a better predictor of diabetes and metabolic syndrome than BMI and WC (25). Recent studies have also found that ABSI had a stronger association with all-cause mortality and CVDs mortality than WC, BMI, and WHtR, and it might be an important marker of atherosclerosis in patients with type 2 diabetes (43, 44). Similarly, a study by Geraci et al. has also shown that ABSI might be a better predictor of carotid atherosclerosis in patients with hypertension than traditional nutrition indexes, including WC and BMI (20). However, some studies have found that ABSI is not superior to BMI and WC in predicting the risk of related disease or death. For example, two studies coincidentally found that in Chinese children, adolescents or adults and the elderly, the association between ABSI and pre-hypertension or hypertension was not higher than WC, BMI and WHtR, and the WHtR had the highest predictive power (21, 45). In addition, another study found that although ABSI was positively associated with arterial stiffness, its AUC value was significantly lower than WHtR in differentiating arterial stiffness, suggesting that ABSI might not be a better predictor of arterial stiffness in Chinese population (19). Besides, A large European cohort study found that WC, BMI and WHtR were J-shaped correlated with all-cause mortality, while ABSI was positively associated with all-cause mortality, and BMI was superior to ABSI in predicting CVDs mortality (46). Furthermore, a meta-analysis of 30 clinical studies showed that higher ABSI was associated with increased risks of hypertension, type 2 diabetes, CVDs and all-cause death, which increased by 13, 35, 21, and 55%, respectively, and ABSI was superior to WC and BMI in predicting all-cause mortality, but it performed poorly in predicting chronic diseases (23). And a previous study has found that ABSI was associated with depression and anxiety, but this correlation existed only in men (47). In addition to these diseases, Zhang et al. have shown that higher ABSI was closely associated with higher urinary albumin-creatinine ratio (48). However, the studies mentioned above are aimed at exploring the association between ABSI and other diseases, and there is little evidence to compare ABSI with other anthropometric indicators in predicting the risk of AAC. Our study was the first to determine the ability of ABSI to recognize AAC. The results showed that higher ABSI increased the risk of AAC by 20–30% compared with lower ABSI. Additionally, we found that ABSI was a better indicator of AAC than BMI, WC and WHtR, and it showed similar predictive power to baseline risk models in the American population. Moreover, we also found for the first time that participants with higher ABSI had a higher risk of developing AAC in the subgroups with HbA1c < 6.5% and non-osteoporosis. The reason for this might be that osteoporosis and HbA1c ≥ 6.5 were the interference factors of ABSI risk prediction model, which was also the focus of our future research. The homogenization and differentiation of the above studies may be explained by the differences in race, sample size and population characteristics.

Innovatively, our findings added to the evidence between ABSI and CVDs from clinical to subclinical diseases. Moreover, we compared the predictive value of ABSI and other nutrition indexes for AAC for the first time. Therefore, this study provided additional information that the evaluation of ABSI might be of clinical significance in primary prevention to identify people at risk of CVDs. In spite of this, our study still had several limitations. Firstly, the present study was a cross-sectional study, which could not identify the causal association between ABSI and AAC. Secondly, in multivariate logistic regression analysis, we only controlled for several meaningful confounding factors, but there might be other confounding factors not included in our study, such as inflammatory indicators, menopause of women and use of medications. Thirdly, ABSI with a very small variance was highly concentrated around the mean value, which made it difficult to define the best critical value of ABSI in clinical practice. Fourthly, since the hip circumference of the participants was not measured during NHANES 2013–2014, we were unable to calculate the WHR, which means that we can’t conduct a comparative analysis of ABSI, hip circumference and WHR. Finally, the data of this study only came from the general population of NHANES 2013–2014, so the findings may not be applicable more populations broadly.



Conclusion

Taken together, our results showed that WC, BMI, WHtR, and ABSI were significantly associated with AAC and found ABSI was superior to BMI, WC, and WHtR in predicting the risk of AAC. However, whether ABSI is suitable for clinical practice needed to be further studied in different populations.
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Objectives: The body roundness index (BRI) is a novel anthropometric index that is a better indicator for predicting fat distribution than the body mass index (BMI). The longitudinal study can repeatedly collect measured results for the variables to be studied and then consider the potential effects of intraindividual changes in measurement. However, few population-based, longitudinal studies of BRI have been conducted, especially among the Chinese population. The study aimed to investigate the association of BRI and its longitudinal trajectories with all-cause and cardiovascular mortality.

Methods: A total of 71,166 participants with four times BRI measurements between January 2010 and December 2019 were included in this longitudinal study, with a median follow-up was 7.93 years, and 11,538 deaths were recorded, of which 5,892 deaths were due to cardiovascular disease (CVD). A latent class growth mixture modeling (LCGMM) was used to identify BRI trajectories. Cox proportional hazard models were used to estimate associations between BRI trajectories and the risk of all-cause and cardiovascular mortality.

Results: In the restricted cubic spline regression models, a U-shaped relationship between BRI and all-cause and cardiovascular mortality was observed. Three BRI longitudinal trajectories of low-stable (mean BRI = 2.59), moderate-stable (mean BRI = 3.30), and high-stable (mean BRI = 3.65) were identified by LCGMM. After being adjusted for potential confounders, the HRs for all-cause mortality were 1.18 (1.13–1.24) for the moderate-stable group and 1.74 (1.66–1.82) for the high-stable group compared to the low-stable group. The HRs for cardiovascular mortality were 1.12 (1.05–1.18) for the moderate-stable group and 1.64 (1.53–1.75) for the high-stable group compared to the low-stable group.

Conclusion: A nonlinear association of BRI with all-cause and cardiovascular mortality was observed, and participants in the higher BRI longitudinal trajectory group were significantly associated with an increased risk of all-cause and cardiovascular mortality.

KEYWORDS
 cardiovascular risk, body roundness index, trajectories, retrospective cohort study, obesity


Introduction

With a rapidly aging global population and epidemiologic changes in disease, cardiovascular disease remains a significant cause of both morbidity and mortality globally, especially for middle-aged and older adults (1, 2), which also causes a substantial economic burden on society (3, 4). Obesity is a well-known independent risk factor for CVD and mortality (5). Most previous work has focused on the relationship between BMI with CVD and mortality (5, 6). However, studies in recent years have revealed that because BMI is not sufficient to distinguish between muscle and fat mass, it may not adequately reflect the fat distribution (7–9), mainly when abdominal fat is strongly associated with CVD (10, 11). As a complement to BMI, the BRI, which combines height and waist circumference (WC) measurements, is a new anthropometric index that is a better indicator to describe fat distribution (12).

Prior studies have suggested that BRI is a valuable predictor of cardiovascular disease in men and women in the Chinese population, but most of them are based on a cross-sectional design (13, 14). The longitudinal study design provides the opportunity to collect measured results for the variables to be studied repeatedly and then take the potential effects of intraindividual changes in measurement into account (15–17). Group-based trajectory modeling techniques such as LCGMM are a universal approach to illustrate the development of the variable over time and can be used to disentangle underlying population heterogeneity (18, 19). However, very few studies were conducted on the longitudinal trajectory of BRI, especially among the middle-aged and older Chinese population. A study focused on trajectories of BMI prior to CVD diagnosis identified three distinct BMI trajectories, probably due to the small number of study participants(n = 6,126), and the results suggested that BMI alone is not sufficient to identify people at high risk for CVD in middle-aged and older adults (20). Besides, a recent study based on a longitudinal trajectory model found that higher levels of BRI over time were statistically related to a higher risk of CVD and mortality. However, this study seemed to be restricted by a short follow-up time and almost a 4:1 male-to-female ratio (21). Therefore, our study aimed to examine the association of BRI with all-cause and cardiovascular mortality, identify longitudinal trajectories in BRI, and then estimate the associations of BRI trajectories with all-cause and cardiovascular mortality based on a sizeable dynamical cohort study.



Method


Study population

This retrospective cohort study was performed in a dynamic population based on an annual health check-up project, and it has been carried out since 2010 in Xin Zheng, Henan Province. All participants were asked to complete a questionnaire and to take anthropometric and laboratory measurements at baseline and follow-up. Details of this dynamic cohort have been described previously (22–24). The data were analyzed from residents’ electronic health records in the Xin Zheng Hospital Information System from January 2010 to December 2019. To ensure the quality of the cohort and trajectories, the records with missing data for BRI were removed, and each study participant kept one health examination record per year. Between January 2010 and December 2019, 102,797 participants with four or more medical records were enrolled. We excluded 31,631 individuals who met with any one of the following circumstances: a history of CVD at baseline (n = 18,704); aged less than 45 years old (n = 7,981); missing information (n = 1,682) on BMI at baseline; missing information (n = 3,264) on smoking, drinking, physical activity, and Marital status at baseline. The records and times of the four examinations of the participants are presented in Supplemental Table S1. Finally, in the study, we have data from 71,166 participants with four recordings, including when the outcome occurred.



Data collection

Data were collected through a standardized questionnaire, as well as from physical and laboratory examinations. Standardized questionnaire of the National Norms for Basic Public Health Services (Third Edition), which included their sociodemographic characteristics (age, sex), medical history (coronary heart disease (CHD) and stroke), smoking, drinking, and physical activity, were administered by trained research staff. Based on self-reported marital status, smoking, and drinking, participants were classified as follows: living with a partner or without a partner; nonsmokers (including previous smokers) or current smokers; and never, occasionally, or daily drinkers. The frequency of physical activity was described as never, occasionally, and daily (25).

Standing height and weight were measured to the nearest 0.1 cm and 0.1 kg with the participant standing erect on bare feet, and the results were recorded by the mean of two replicate measurements. BMI was calculated as weight (kg) divided by height squared (m). Waist circumference was measured to the nearest 0.1 cm at the midpoint between the lowest rib margin and the iliac crest following a standard protocol. Blood pressure was measured at least twice using an automatic sphygmomanometer (OMRON HEM-7125, Kyoto, Japan), and the mean of the two measurements qualified was used in the analysis.



Assessment of BRI

BRI was calculated as follows: (12).

[image: image], and then the quartiles of BRI and its trajectories were used to statistical analysis.



Assessment of outcomes

The primary outcomes in the study were all-cause and CVD mortality, where CVD death was defined as death from CHD and death from stroke. For mortality surveillance, participants’ mortality information was obtained from the Xinzheng Center for Disease Control and Prevention from the baseline survey to October 7, 2022. The causes of death were recorded using codes from the International Classification of Diseases (ICD-10), in which death from CVD was defined as I20eI25 and I60eI69.



Statistical analyzes

For non-normal distribution, continuous variables are characterized by the median (interquartile range (IQR)), while categorical variables are expressed as frequency (%). The Kruskal-Wallis test was used to compare continuous variables and the Chi-square test for categorical variables.



Latent BRI trajectories identification

The latent class growth mixture modeling (LCGMM) was used to explore heterogeneity in the dynamic course of BRI to distinguish subgroups of similar underlying BRI trajectories as experienced over time. Models were fit using the package “LCMM” (version 2.0.0.) in R to group participants with a similar trajectory of BRI development from the first examination to the fourth (18). Three possible polynomial specifications were allowed to describe the longitudinal BRI response as a function of time: a linear, quadratic, and a cubic specification, and every polynomial model (order 1 to 3) was, respectively, modeled as a 1 to 4 class solution. Given that no clear standard exists, the choice of the best model was evaluated by the following composite criteria: (1) observing improvement in the Bayesian information criterion (BIC); (2) at least 5% participants in each trajectory class; (3) values of mean posterior class membership probabilities (>70%); (4) confirming visually distinct trajectories. (21, 26) For ease of interpretation, we have assigned labels to these trajectories based on their modeled graphic patterns.

Cox proportional hazards models were used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) between all-cause and cardiovascular mortality and BRI trajectories, quartiles of BRI at baseline, and per 1sd increment in BRI after inspection of Schoenfeld residuals. Model 1 was unadjusted; Model 2 was adjusted for sex and age; Model 3 was adjusted for sex, age, smoking status, alcohol drinking level, and physical activity. We performed tests for linear trends by modeling BRI quartiles as ordinal variables. To assess nonlinearity, we performed a restricted cubic spline to the multivariable cox proportional hazards models, and then the cut-off value was estimated by trying all possible values and choosing the cut-off point with the highest likelihood. We performed subgroup analyzes based on sex. To verify the robustness of the results, we conducted an additional sensitivity analysis, excluding those participants with less than 3 years of follow-up. Besides, we similarly analyzed the trajectories of BMI and waist circumference of the participants in our study.

p < 0.05 for a two-sided test was regarded as statistically significant. All analyzes were performed using R version 4.1.3 (R Foundation for Statistical Computing).




Results


Baseline characteristics

The baseline characteristics of the study sample, stratified by all-cause and cardiovascular mortality, are summarized in Table 1. A total of 71,166 study participants (women: 36,503) were included in the present study. The median age (interquartile range) for women and men was 61.75 (56.78–69.13) and 61.97 (57.38–68.56), respectively. During the 512,131 person-years of follow-up (median follow-up time 7.93 years), 11,538 deaths were recorded, of which 5,892 deaths were due to CVD, and 4,065 and 2,108 cases of CHD and stroke, respectively. Compared with participants who survived to the end of the study, the decedents were older, were more likely to be male, living with a partner, and had a higher proportion of smokers. Similar demographic characteristics were observed in participants who died from cardiovascular disease, except for the proportion of smoking.



TABLE 1 Baseline characteristics of the study population stratified by outcome.
[image: Table1]



Associations of BRI and its trajectories with all-cause and cardiovascular mortality

Based on the BIC, class membership posterior probabilities, and classification to assess the goodness-of-fit of the competing LCGMM models, the model with 3 BRI trajectories among the 71,166 participants was identified as the best-fit model: there were low-stable (mean BRI = 2.59, n = 12,972), moderate-stable (mean BRI = 3.30, n = 26,796), and high-stable (mean BRI = 3.65, n = 31,398) trajectories (Supplemental Tables S2, S3; Figure 1). Though several identified latent classes had a low proportion of participants (<20%), they were highly discriminated with high mean posterior probabilities and posterior probabilities. The proportion of men was higher in the “high-stable” and “moderate-stable” trajectory groups, but the “low-stable” group contained more women. Compared with participants in the low-stable class, counterparts in the other two groups were more likely in higher BMI and waist circumference values.

[image: Figure 1]

FIGURE 1
 Trajectories of body roundness index from the first physical examination to the fourth.


The estimated risk for all-cause and cardiovascular mortality by BRI quartile and its trajectories were presented in Table 2. After adjusting for potential confounders, as compared with quartile 1 of BRI, with quartiles 2, 3, and 4, the HRs for all-cause mortality were 0.96(0.92–1.01), 0.91(0.86–0.96) and 0.95(0.89–0.99), respectively (P trend =0.010); the HRs for cardiovascular mortality were 0.92(0.86–0.98), 0.93(0.87–0.99) and 0.98(0.91–1.05), respectively (P trend =0.617). Further, compared with the low-stable category, counterparts in the other two groups had a significantly higher risk of all-cause and CVD mortality. After being adjusted for potential confounders, the HRs for all-cause mortality were 1.18 (1.13–1.24) for the moderate-stable group and 1.74 (1.66–1.82) for the high-stable group. The HRs for cardiovascular mortality were 1.12 (1.05–1.18) for the moderate-stable group and 1.64 (1.53–1.75) for the high-stable group. The dose–response relationships between the BRI and all-cause and cardiovascular mortality by restricted cubic spline models in the middle-aged and elderly population were presented in Figures 2, 3. The cut-off values of all-cause and cardiovascular mortality were 3.60 and 3.42, respectively, and while BRI < 3.60, the HR for all-cause mortality was 0.93 (0.89–0.96) as per 1 SD BRI increased, p < 0.001. As BRI was more than 3.60, the HR for all-cause mortality was 1.05 (1.01–1.10) as per 1 SD BRI increased, p = 0.026. Similar results were observed for cardiovascular disease mortality.



TABLE 2 Cox regression analysis between BRI and all-cause mortality and cardiovascular mortality.
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FIGURE 2
 The dose–response relationships between the body roundness index and cardiovascular mortality by restricted cubic spline models.


[image: Figure 3]

FIGURE 3
 The dose–response relationships between the body roundness index and all-cause mortality by restricted cubic spline models.




Subgroup analyzes and sensitivity analyzes

The results of the subgroup analysis by sex were generally consistent with the primary analysis in Supplemental Figures S1, S2. In all-cause and cardiovascular mortality, there was a U-shaped relationship for both sexes, but differences in cutoff values emerged. For cardiovascular mortality, the BRI cutoff value was higher in women than in men, while in all-cause mortality, it was higher in men than in women. Furthermore, a sensitivity analysis showed similar results to the primary analysis. When excluding those participants with less than 3 years of follow-up, the parameters of the LCGMM model were also much optimized, and similar results of the association of BRI and its trajectories with all-cause and cardiovascular mortality were observed in Supplementary Tables S4, S5. From Supplementary Figures S3, S4, it can be found that both BMI and WC trajectories appear crossed and do not have a good differentiation ability compared to BRI, and the details of the trajectory models of BMI and WC are presented in Supplementary Tables S6, S7. Besides, after comparing the results of the Cox regression models, it was found that only the results of BRI are statistically significant. (Supplementary Tables S8, S9).




Discussion

The median follow-up of the study was 7.93 years (range 5.86–8.92), with four examinations in all participants. A U-shaped trend in the association between BRI and all-cause and cardiovascular mortality was observed in the study. The all-cause and cardiovascular mortality were lowest when the BRI was 3.60 and 3.42, respectively. During the follow-up period, according to the BRI trajectory of the study participants, we divided them into three groups, namely, low-stable, moderate-stable, and high-stable. Overall, the BRI of the study subjects showed a steady ascending trend during the entire study follow-up.

As a universal indicator of obesity, BMI has always been a hot spot for research. Several epidemiological studies have found a U-shaped association between BMI and all-cause and cardiovascular mortality, including in the middle-aged and elderly population. (27–29) At the same time, a J-shaped association has also been found between BMI and all-cause and cardiovascular mortality. (28, 30) Previous research suggested that this debate may lie in the fact that BMI does not discriminate well between fat mass and lean body mass. (31) Meanwhile, an association between BRI and cardiovascular mortality was observed (13, 32, 33), including a U-shaped relationship (34), especially when BRI was able to better distinguish the proportion between total fat and abdominal fat. (12) The proliferation and hypertrophy of adipocytes can affect the integrity and functionality of adipose tissue, which further affects the risk of cardio metabolism. (35, 36) Adipose tissue causes damage to cardio metabolism by affecting metabolic homeostasis, which in turn creates a state of low-grade systemic inflammation and insulin resistance. (37) Furthermore, the expansion of adipose tissue can cause a series of bodily reactions, such as fibrosis (38), hypoxia (39), inflammation (40), dysregulated adipokine secretion (41), a pro-inflammatory and pro-thrombotic state and endothelial dysfunction, all of which would be cardiovascular risk factors. (42) Especially for the middle-aged and elderly population, BRI was related to malnutrition, fatigue, decreased activity tolerance, and muscle atrophy, all of these were risk factors for death in the elderly. (43, 44)

Although previous studies were abundant, most classified variables into predefined categories, such as based on established criteria or quartiles. It has been reported that this classification method may lead to the misclassification of those individuals close to the classification cutoff point. (20) Whereas, in the LGCMM model in this study, it was assumed that there was no single developmental curve in the study population and that individuals belonged to different subgroups with different developmental trajectories. The pattern of BRI changes during the follow-up period was modeled based on population heterogeneity. In recent years, many studies on the trajectory analysis of obesity indicators and cardiovascular disease have been reported. For instance, Marie-Jeanne Buscot (2018) and Kim Blond (2020) have investigated the association between distinct BMI trajectories in childhood and cardiovascular risk factors in adulthood. (18, 45) By analyzing BMI trajectories, Klodian Dhana et al. found that BMI alone is insufficient to identify high-risk subjects for cardiovascular disease in the middle-aged and elderly population. (20) A recent study of BRI trajectories conducted by Wu et al. found that higher BRI levels were significantly associated with an increased risk of CVD over time. (21) Our conclusions are consistent with these findings. In our middle-aged and elderly cohort, we identified three BRI trajectories that slowly increased over time and found that higher BRI levels were significantly associated with an increased risk of cardiovascular mortality.

Few studies, based on a large population, have assessed the association between BRI trajectories and cardiovascular disease risk. In fact, our study has important implications for the primary prevention of cardiovascular mortality in the middle-aged and elderly and public health. First, because of the U-shaped trend in the association between BRI and all-cause and cardiovascular mortality, from an individual level, maintaining the BRI at around 3.30 has the lowest risk. It is noteworthy that although no U-shaped association has been observed in waist circumference, it is also an important indicator of obesity signs. If more evidence becomes available in the future, it would be helpful for people to choose an optimal control range when managing body shape. Second, recent studies have revealed that the cardiovascular risk of obesity is cumulative and that the duration of obesity may substantially impact CVD outcomes. (18, 46) When participants with less than 3 years of follow-up were excluded, the model was enhanced, though the results remained robust, suggesting that the long-term patterns of BRI may have a potential additional impact on all-cause and cardiovascular mortality. Considering that cardiovascular disease prevention is long-term and dynamic, especially with increasing age and accumulation of co-morbidities, based on population considerations, our results emphasize that dynamic surveillance and multi-level prevention should be implemented on a long-term or even lifetime basis.

Strengths of this study include the cohort study design, the availability of repeated measurements of BRI, and identify groups of individuals with similar patterns of BRI trajectories based on long-term follow-up and repeated measurement. On the other hand, several limitations of the study are worth mentioning for future improvements. First, the study was conducted among middle-aged and elderly Chinese individuals with an average age of approximately 63.06 years, making it difficult to generalize to all populations. Second, although we have adjusted for some confounders as far as possible, the possibility of bias still existed, such as the use of antidiabetic, antihypertension drugs and other medications, dietary factors, genetic factors, and unavoidable recall bias. Then, only four physical examination records were kept for each participant during the follow-up period, which may have limited the ability to investigate potential effects.



Conclusion

Overall, as an easily accessible anthropometric indicator of obesity, a U-shaped association between BRI and all-cause and cardiovascular mortality was observed in the study. In addition, the long-term trajectory study found that higher BRI levels were associated with an increased risk of all-cause and cardiovascular mortality over time, while there may be some potential effects of long-term patterns of BRI. Longitudinal trajectory models made up for some of the limitations of cross-sectional studies, but in the future, the potential impact caused by follow-up time needs to be examined further.
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Introduction

The primary care management of blood glucose, blood pressure, lipid profiles, and body weight is important among patients with type 2 diabetes mellitus (T2DM) to prevent disease progression. Information on how weight changes would improve or deteriorate cardiovascular (CV) risk factors is warranted for making primary care recommendations. We aimed to investigate the changes in body weight and CV risk factors and to analyse their association in a Chinese population with T2DM.





Methods

We retrieved longitudinal data between 2020 and 2021 from 1,758 adult primary care patients enrolled in a diabetic retinopathy (DR) screening programme. Linear associations of changes in body weight with CV risk factors were explored. Multivariable logistic regression analysis was performed to examine associations between different weight change categories and the worsening of CV risk factors.





Results

The mean age of all the participants was 63.71 years, and over half of participants were females. During a one-year follow-up period, 24.7% of patients had a weight loss of ≥3%, while 22.2% of patients had a weight gain of ≥3%. Patients who had a weight loss of ≥3% were more likely to prevent the worsening of haemoglobin A1c (HbA1c) and triglycerides, while those who had a weight gain of ≥3% tended to have worsened HbA1c, lipid profiles, and blood pressure.





Conclusion

Results from this real-world investigation suggested the concurrent need for weight loss intervention among patients who are overweight or obese and weight gain prevention among patients whose body weight falls within the normal range in the context of community-based diabetes management.
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1 Introduction

The global prevalence of diabetes was estimated at 9.3% in 2019, and it is predicted that this number will rise to 10.2% (578 million people) by 2030, and 10.9% (700 million people) by 2045 (1). Adults with type 2 diabetes mellitus (T2DM) are at high risk of cardiovascular (CV) disease, which represents the most common complication and the leading cause of mortality in people with T2DM (2, 3). This has contributed substantially to treatment costs for T2DM at both individual and population levels globally (4). Elevated blood pressure (BP), blood glucose, and lipid levels are all important physiological and biochemical risk factors closely associated with the onset of CV disease (5). Obesity is a pathological condition that plays a central role in the pathophysiology of T2DM while aggregating several CV risk factors (6–8). Weight gain has been shown to be associated with the worsening of CV risk factors and increased risk of metabolic syndrome (9, 10), yet obesity management is still challenging particularly in low- and middle-income countries (11).

Current estimates suggest that nearly 130 million people are living with diabetes in China (12), which account for nearly one-fourth of patients with diabetes worldwide. Compared to western countries where the majority of patients with diagnosed diabetes are overweight or obese (5, 13), a large proportion (43%) of patients with T2DM in China are of normal weight with a body mass index (BMI) falling within the range of 18.5 kg/m2 to 23.9 kg/m2 (14). However, previous studies on the relationship between changes in weight and a set of CV risk factors including BP, blood glucose and lipid levels were mainly conducted in the overweight or obese population, with less attention paid to people with normal weight (15–18). Further investigations are warranted to understand how weight changes may impact CV risk factors in the Chinese population with T2DM.

Much evidence from randomised controlled trials indicates that lifestyle interventions on weight management could significantly improve CV risk factors in T2DM patients (16, 19, 20). However, trials conducted in clinical settings are often difficult to reflect the exposure-outcome relationships in real-world settings (21). The significant effect achieved in clinical trials may not necessarily translate into sustainable lifestyle modification in daily practice and community settings (22, 23). Given the widespread difficulties in weight loss in diabetes management, information on how weight changes would improve or deteriorate CV risk factors is essential for making tailored primary care recommendations to successfully prevent the progression of T2DM (24).

The main objective of this study was to assess the longitudinal changes in body weight and CV risk factors in a primary care population with T2DM. The study also aimed to address the research question of whether there is a significant association between different weight change categories and changes in haemoglobin A1c (HbA1c), BP, and lipid profiles in the study population.




2 Materials and methods



2.1 Study design

This was a longitudinal, observational study conducted in Guangdong province, southern China between September 2020 and December 2021. The study was part of a larger project on screening for diabetic retinopathy (DR) in collaboration with the Guangzhou Diabetic Eye Study Group at the Zhongshan Ophthalmic Center, Sun Yat-Sen University. The anthropometric and clinical parameters including weight, height, BP, HbA1c, and lipid profiles were measured annually from September 2020 to January 2021, and from September 2021 to December 2021, respectively. The study period did not cover the Chinese New Year to minimise the possibility of acute diet change.




2.2 Setting and data source

The study participants were patients with diabetes who were drawn from community and township health centres. These community-based primary care facilities offer a comprehensive package of diabetes management care that is integrated as part of the free-of-charge, national basic public health service delivery (25, 26). Routine diabetic care includes periodic blood glucose tests, regular follow-up exams, and tailored advice on medicine use, diet modification, and physical exercise. An interviewer-administered questionnaire was used to collect information on socio-demographics (i.e., age, sex, education level, place of residence, marital status, living relationships, and household income), lifestyle behaviours, medical history, and drug use. The anthropometrics (i.e., height and weight) and BP parameters were measured by clinical staff. The HbA1c and lipid panel testing was performed in centralised clinical laboratory. The check-up data were retrieved electronically from the computerised records.




2.3 Participants

The target subjects in the study were primary care patients with clinically-diagnosed T2DM. Diabetes was diagnosed as a fasting plasma glucose level ≥7.0 mmol/L or HbA1c ≥6.5% (27). The presence of T2DM was assessed by the attending primary care physician according to the Chinese Diabetes Society guideline and the World Health Organization (WHO) recommendation (27, 28). A total of 1,795 patients with T2DM participated in both the 2020 and 2021 waves of DR screening. We excluded patients who did not have body weight measured in either wave (n=22). Patients with weight change below P0.5 or above P99.5(n=15) were also excluded to take into account the possible measurement error while minimising the impact of excess weight loss or weight gain on the change of CV risk factors. This yielded a total of 1,758 patients with T2DM included in the final analysis.




2.4 Study variables and measurements

Self-reported information on age, sex, residence place, education level, living relationships, marital status, household income, smoking status, drinking status, duration of diabetes, medical history (e.g., hypertension, heart disease, and stroke), and current use of antihypertensive drugs and glucose-lowering agents was collected. The anthropometric parameters were measured by medical staff following a standardised protocol. Weight was measured with light clothing and without shoes by a calibrated weighing scale. Height was measured using a wall-mounted stadiometer with the position of the body being straight against the wall. The BMI was calculated as weight in kilograms divided by squared height in meters (kg/m2). BP was measured by routinely validated automatic sphygmomanometers at a seated position after at least 5 minutes of rest, and the arm with the higher BP values was used. The average of two BP readings, 1-2 min apart, was recorded. A fasting venous blood sample was collected. Plasma cholesterol, triglycerides, and HbA1c were measured using an automated, clinical chemistry analyzer (TBA-120FR, Toshiba, Japan) with coefficients of variation in compliance with the laboratory measurement standard.




2.5 Definitions

Weight gain was defined as an increase of 3% and above in body weight during 2020-2021, while weight loss was defined as a decrease of 3% and more in body weight during the same study period. A change in body weight of at least 3% has been considered clinically meaningful given that it is unlikely caused by measurement error or normal weight fluctuations (29–31). Worsening of HbA1c, triglycerides, total cholesterol, low-density lipoprotein (LDL) cholesterol, systolic BP, and diastolic BP were defined as increased values in 2021 compared with that in 2020, except for high-density lipoprotein (HDL) cholesterol which was defined as decrease values in 2021 compared with that in 2020.




2.6 Statistical analysis

Data entry was performed by two trained research assistants with double verification using EpiData 3.1 (Denmark). Descriptive statistics were used to describe the demographics, lifestyle behaviours, medical history, and clinical parameters of patients according to different weight change categories. Between-group differences were assessed by independent t-tests or chi-square tests, where appropriate. Pearson correlation between weight change and CV risk factor change was determined. The proportion of patients with worsening CV risk factors were plotted against different weight change categories, and tests for trend were conducted. Multivariable logistic regression analysis was performed to explore the association with a 95% confidence interval (95%CI) between different weight change categories and worsening of CV risk factors after adjusting for age, sex, baseline BMI, education level, residence place, marital status, living relationships, household income, smoking status, alcohol drinking, duration of diabetes, antihypertensive medication use, oral hypoglycaemic drugs use, insulin use, and presence of CV comorbidities. Data analysis was conducted using Stata 14 (StataCorp, TX). A p-value <0.05 was considered statistically significant.




2.7 Ethics consideration

All participants provided written informed consent. Data anonymisation was performed by removing all patient identifiers from the dataset prior to data analysis. Ethics approval was granted by the Zhongshan Ophthalmic Center Medical Ethics Committee (Ref: 2017KYPJ094) at Sun Yat-Sen University following the Declaration of Helsinki 2013.





3 Results



3.1 Characteristics of study participants

A total of 1,758 patients with T2DM who met the eligibility criteria were included in the study. The mean age and baseline BMI of all participants was 63.71 years (standard deviation [SD]: 9.39) and 24.36 kg/m2 (SD: 3.36), respectively. More than half of the participants (56.3%) were females. Almost one-fourth (24.7%) of patients had a weight loss of ≥3%, and their mean baseline BMI was 24.63 kg/m2. Slightly above one-fifth (22.2%) of patients had a weight gain of ≥3%, and their mean baseline BMI was 23.39 kg/m2. The weight gain group had the highest proportion of patients with formal education and those who were rural residents (Table 1). A higher proportion of patients who had concurrent hypertension and antihypertensive drug use was observed in the weight loss group (Table 2). There were no significant differences in the distribution of age, sex, marital status, living relationships, smoking status, alcohol drinking, household income, duration of diabetes, presence of CV comorbidities, and glucose-lowering medication use across the three groups.


Table 1 | Baseline characteristics of study participants by different weight change categories.




Table 2 | Medical history and use of medications by different weight change categories.






3.2 Changes in body weight and CV risk factors

Haemoglobin A1c, HDL cholesterol, and triglycerides decreased significantly between 2020 and 2021, while LDL cholesterol increased during the study period. We did not observe significant changes in body weight, total cholesterol, systolic BP, and diastolic BP over time. In addition, we observed significant correlations of weight change with a set of changes in HbA1c (Pearson correlation [r]=0.096, p<0.001), LDL cholesterol (r=0.070, p=0.007), triglycerides (r=0.133, p<0.001), total cholesterol (r=0.070, p=0.007), systolic BP (r=0.136, p<0.001), and diastolic BP (r=0.083, p<0.001). There was also no significant correlation between weight change and change in HDL cholesterol (Table 3).


Table 3 | Changes in CV risk factors and their correlations with weight change.






3.3 Worsening of CV risk factors across different weight change categories

The highest proportion of patients with worsening CV risk factors was found in the weight gain group, where 37.4% of patients had increased HbA1c, 66.0% had increased LDL cholesterol, 64.2% had decreased HDL cholesterol, 55.8% had increased triglycerides, 59.1% had increased total cholesterol, 57.8% had increased systolic BP, and 52.3% had increased diastolic BP. An increasing trend in the proportion of patients with the worsening of HbA1c (p<0.001), triglycerides (p<0.001), total cholesterol (p<0.001), systolic BP (p<0.001), and diastolic BP (p=0.027) was observed across the three groups from weight loss to weight gain (Figure 1).




Figure 1 | Percentage of patients who had worsening CV risk factors according to different weight change categories. Note: HbA1c, haemoglobin A1c; LDL, low-density lipoprotein; HDL, high-density lipoprotein; BP, blood pressure. Weight gain was defined as an increase of ≥3% in body weight, and weight loss was defined as a decrease of ≥3% in body weight. Weight stability was defined as having a weight change of <3% in body weight during the study period. Error bars indicate 95% confidence intervals.






3.4 Associations between different weight categories and worsening of CV risk factors

The multivariable logistic regression analysis showed that having a weight loss of ≥3% was negatively associated with increased HbA1c (adjusted odds ratio [aOR]=0.698, 95%CI: 0.522-0.933, p=0.015) and increased triglycerides (aOR=0.675, 0.520-0.876, p=0.003) after adjusting for age, sex, baseline BMI, education level, residence place, marital status, living relationships, household income, smoking status, alcohol drinking, duration of diabetes, antihypertensive medication use, oral hypoglycaemic drugs use, insulin use, and presence of CV comorbidities. Meanwhile, having a weight gain of ≥3% was positively associated with increased HbA1c (aOR=1.347, 1.024-1.772, p=0.033), increased triglycerides (aOR=1.491, 1.147-1.938, p=0.003), increased total cholesterol (aOR=1.466, 1.127-1.908, p=0.004), increased systolic BP (aOR=1.445, 1.129-1.850, p=0.003), and increased diastolic BP (aOR=1.345, 1.053-1.718, p=0.018) (Figure 2).




Figure 2 | Multivariable logistic regression analysis of associations between weight loss/gain and worsening of CV risk factors. Note: aOR, adjusted odds ratio; HbA1c, haemoglobin A1c; LDL, low-density lipoprotein; HDL, high-density lipoprotein; BP, blood pressure. Weight gain was defined as an increase of ≥3% in body weight, and weight loss was defined as a decrease of ≥3% in body weight during the study period. Error bars indicate 95% confidence intervals.







4 Discussion



4.1 Main findings

We examined changes in body weight and CV risk factors during a one-year follow-up period in a Chinese primary care population with T2DM. Nearly one in four patients had a weight loss of ≥3%, while slightly above one-fifth of patients had a weight gain of ≥3%. Significant linear correlations were found between weight change and a set of changes in HbA1c, LDL cholesterol, triglycerides, total cholesterol, and BP. The multivariable logistic regression analysis demonstrated that patients who had a weight loss of ≥3% were more likely to prevent the worsening of HbA1c and triglycerides while having a weight gain of ≥3% was found to be associated with the worsening of HbA1c, triglycerides, total cholesterol, and BP.




4.2 Relationship with other studies

Data from the United States described a growing toll of diabetes and obesity-related CV disease despite a decline in CV mortality over the past four decades (32). Global estimates of disease burden showed that CV disease attributable to elevated BMI was the main cause of death and disability-adjusted life years, accounting for 2.7 million deaths and 66.3 million disability-adjusted life years (33). Weight gain has been shown to induce early onset and accumulation of vascular risk factors, which are closely linked to cardiometabolic abnormalities such as atherosclerosis (34). Earlier findings from a large population-based cohort study in China suggested that the CV risk started to increase with mildly elevated body weight (23-25 kg/m2) (35) – a level that is considered normal weight according to the WHO criteria (36). A cohort study conducted in the American population reported that people with weight-gain patterns were more prone to have above-goal HbA1c and BP than their counterparts with weight loss (15). This was similarly observed in our study in which having a weight gain of 3% and above was significantly associated with worsening of CV risk factors including HbA1c, triglycerides, total cholesterol, and both systolic and diastolic BP. The results were in line with our expectations and the existing literature which suggested that a progression from non-obese to becoming obese was accompanied by an increment in predicted risk for CV disease in the Japanese community residents (9). It is possible that low-grade inflammation and dysregulation of the endocrine and immune milieu in the adipose tissue could lead to abnormal production of adipokines and inflammatory molecules (37). Previous evidence also suggested a link between weight gain and increased risk of vascular dysfunction in patients with T2DM (38), which implies that physicians should move beyond a simple focus on glycaemic control and takes into account the importance of weight management in diabetes care.

Previous epidemiological studies have established that the rising prevalence of overweight and obesity contributes to the increased incidence of diabetes and CV disease (39–41). Weight loss has been incorporated as one of the major goals of interventions in T2DM patients who are overweight or obese to prevent the development of CV disease. An observational analysis of obese patients with T2DM in the Look AHEAD study showed that weight losses of 5 to <10% were associated with significant improvements in HbA1c, BP, triglycerides, and HDL cholesterol (17). Our data showed that weight loss of ≥3% was strongly associated with improved HbA1c and triglycerides. The benefits of weight loss on other CV risk factors such as total cholesterol and BP were also observed in our study albeit not statistically significant. This may be due to the use of a more conservative threshold level of 3% instead of 5% for determining the meaningful magnitude of weight change in our study given that achieving a greater level of weight loss requires intense interventions (16), which, however, was absent in the present study. It might also be explained by the increased fitness as a result of the long-term lifestyle intervention in the Look AHEAD study, which may improve CV risk factors beyond weight loss alone and further enhance the beneficial effect (42, 43). Nevertheless, we did observe significant associations of weight change with improved HbA1c, triglycerides, total cholesterol, systolic BP, and diastolic BP among patients who had a weight gain of ≥3% in our study. This implies the consistency of evidence that relates weight change to CV risk factors.




4.3 Implications for research and practice

Regular monitoring of BP, lipid profiles, and body weight has been emphasised in diabetes management (44, 45). A modest weight loss has been considered beneficial to improving glycaemic control, BP, lipid profiles, and metabolic parameters in T2DM patients (16, 17). Nevertheless, there remain multiple barriers to effective and sustainable weight management. First, it tends to be more difficult to lose weight for people with diabetes compared to those free of diabetes (46). Second, adherence to long-term lifestyle advice such as diet modification and aerobic exercise appears to be complex and challenging (47, 48). A meta-analysis has revealed the difficulties in achieving a weight loss of more than 5% in most lifestyle weight-loss interventions (16). Third, certain antidiabetic agents may cause weight gain and thereby exacerbate other CV risk factors associated with T2DM (49). Our study suggested a beneficial impact of weight loss of ≥3% on CV risk factors. In the Chinese guideline on prevention and treatment of T2DM, achieving a weight loss of 3% to 5% has been considered fundamental to weight management for overweight or obese adults with T2DM (45). Previous real-world studies exhibited that in patients who were newly treated for T2DM, those with weight loss of ≥3% were more likely to achieve better glycaemic control (50). It is worth noting that the main purpose of our study was not to explore the threshold level per se for weight change. Instead, we are interested in understanding whether having a weight loss at a modest level that is culturally feasible in real-world settings could be associated with beneficial outcomes. Given the worsening of CV risk factors due to weight gain, regular monitoring of body weight should not be neglected in people whose BMI falls within the normal range. Maintaining optimal weight control shall necessitate appropriately designed health communication efforts (51), which could be made via interpersonal or mass media channels to reinforce diet, physical activity, and behavioural changes (52). Existing approaches for weight management advocate a cohesive engagement of primary care practitioners and multidisciplinary teams to overcome a variety of obstacles that hinder effective nonpharmacologic and pharmacologic treatment (53–55).




4.4 Strengths and weaknesses of the study

We presented primary care longitudinal data that reinforced the primacy of weight management as integral to diabetes care, while extending the existing evidence to a Chinese population with a particular focus on the changes in body weight and its association with changes in CV risk factors in the real-world setting. Unlike many other studies conducted in the west, nearly half of participants in our study had their BMI falling within the normal range at baseline. Both urban and rural participants were included to take into account the socioeconomic disparities. A broad range of information on patients’ demographics, lifestyle behaviours, medical history, current use of antihypertensive drugs and glucose-lowering agents, presence of CV comorbidities, and clinical parameters was collected. All clinical measurements including physical examination and laboratory tests were performed under routine check-up procedures with quality control. However, our study had several limitations. First, lifestyle behaviours were considered confounding factors and were measured in a simplified dichotomous manner, which precluded the evaluation of the frequency and intensity of physical exercise, and intake of dietary compositions (56, 57). It is also possible that smoking cessation could be accompanied by weight gain, and may impact the association between weight gain and changes in CV outcomes (58, 59). Second, we did not have information on how weight loss was achieved, nor whether an individual’s weight loss was intentional or secondary to disease. As indicated by earlier evidence, it is reasonable to assume a greater benefit of weight loss in patients who had the intention to lose weight (60). Third, we did not gather information on the fluctuation of weight during the period before baseline, and thus we cannot rule out the possibility that an individual was gaining or losing weight at study entry. Fourth, although the use of antihypertensive drugs, oral hypoglycaemic drugs and insulin was taken into account in the regression analysis, we were not able to determine whether there were changes either in diabetes medication (e.g., initiation of SGLT2i or GLP-1 receptor agonists) or in concomitant medications that might have affected weight or CV risk factors (e.g., initiation of or change in the dose of statin) during the course of this study. Last but not least, associations between the magnitude of weight change and subsequent CV outcomes may vary after the one-year follow-up period, which may warrant evidence from further long-term investigations with the assistance of wearable devices, digital eHealth platforms, and remote patient monitoring tools to guide clinical decisions in primary care (61).





5 Conclusion

Our data from a primary care population of T2DM patients demonstrated the longitudinal changes in body weight along with a set of concurrent changes in CV risk factors in the real-world setting. Patients who had a weight loss of ≥3% were more likely to prevent the worsening of HbA1c and triglycerides, while those who had a weight gain of ≥3% tended to have worsened HbA1c, lipid profiles, and blood pressure. Our results suggested the concurrent need for weight loss intervention among patients who are overweight or obese and weight gain prevention among patients whose body weight falls within the normal range in the context of community-based diabetes management.
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Background: Obesity and overweight status increase the risk of cardiovascular disease. Diet quality can also predict the risk of cardiovascular diseases in obese and overweight patients. Therefore, in this study, we sought to examine the relationship between diet quality index (DQI) and cardiometabolic risk factors in obese and overweight women.

Method: A cross-sectional study was conducted on 197 Iranian women with a Body Mass Index (BMI) > 25, 18–48 years, and recruited from 20 Tehran Health Centers. Nutrition intake and DQI were assessed using a 147-item semi-quantitative food frequency questionnaire (FFQ). Additionally, anthropometric measurements, body composition, biochemical evaluations, and cardiometabolic risk factors were evaluated.

Results: There was an association between DQI and waist-to-hip ratio (WHR), atherogenic index of plasma (AIP), and CHOLINDEX in obese women, after adjusting for potential confounders. Whereas, there were no significant associations of the tertiles of DQI compared with the first tertile in other cardiometabolic risk factors, before and after adjustment.

Conclusion: This study provides evidence that dietary intake and DQI are associated with cardiometabolic risk factors and that dietary modification may be a predictor for reducing WHR, AIP, and CHOLINDEX. However, more research is needed to develop a DQI that reflects changes in cardiometabolic risk factors by considering women's eating habits and patterns.
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Introduction

Cardiovascular disease (CVD) has been reported as being responsible for 46% of all deaths and 20–23% of the burden of disease in Iran in 2019 (1). The term cardiometabolic risk refers to clinical abnormalities, including obesity, diabetes, and high blood pressure, that should be diagnosed and treated early (2). Furthermore, young women have increasingly prevalent risk factors for CVD (3). However, it is evident that women are less likely to receive preventive treatment, relative to men, and is influenced by behaviors, environment, lifestyle, and nutrition (3).

There are several important cardiometabolic risk factors, including lipid accumulation product (LAP), which is associated with glucose intolerance, CVD, and MetS (4), while the hypertriglyceridemic waist (HW) phenotype (5) is a clinical indicator of visceral obesity diagnosis that may be related to coronary risk factors among women (6). AIP and atherogenic coefficient (AC) are early biomarkers of CVD in developing countries (7), and Castelli Risk Index 1 (CRI-I) and CRI-II are additional, independent, and more precise, risk factors in comparison with traditional lipid parameters (8). Furthermore, an additional simple index, namely CHOLINDEX, considering three main cholesterol parameters, low-density lipoprotein (LDL), high-density lipoprotein (HDL), and triglycerides (TG) levels, has been developed to evaluate cardiometabolic risk (9).

Another relevant predictor of health status is ABSI, an alternative anthropometric measurement that considers height, weight, and waist circumference (WC) and thus more representative of abdominal adipose tissue, and a significant risk factor in predicting premature mortality (10). In line with this, cohort studies have indicated that diabetes and mortality could be predicted by ABSI (11, 12). However, Maessen et al. showed that ABSI was not significantly associated with CVD risks, as compared to BMI and WC in adults (13), and among Iranian adults, it was concluded that ABSI was a weak predictor for CVD risks and MetS (14). In a cohort study conducted on 8,248 participants (4,471 women), the authors aimed to examine whether ABSI could improve the predictive performances for CVD of Framingham's general CVD algorithm. The results showed that ABSI was associated with an increased risk of incident CVD among both men and women but could not improve the predictability of the Framingham algorithm (15). In addition, the triglyceride glucose index (TyG) is one of the methods by which insulin resistance can be estimated (16). Furthermore, it has been indicated that TyG may be associated with high blood pressure, vascular stiffness, and coronary artery calcification (17–19).

Modifiable factors, including physical inactivity and nutrition, may contribute to accelerating cardiometabolic risk (20, 21). Earlier research has largely been concerned with the role of single nutrients and foods in chronic diseases; however, contemporary research has tended to assess the total diet (22, 23). To have a better understanding of overall eating patterns and behaviors in a population, the diet quality index (DQI) has been developed and evaluated (24). In postmenopausal women, it has been demonstrated that a low-quality diet, including the low intake of vegetables and fruits and excessive consumption of sodium, has detrimental impacts on cardiometabolic risk factors, such as abdominal obesity (25). A cross-sectional study based on the Australian Diabetes, Obesity, and Lifestyle study indicated that higher diet quality was significantly associated with cardiometabolic risk factors, including lower blood pressure, lower fasting plasma glucose, and greater insulin sensitivity among men and women (26). Moreover, it was reported that a higher DQI score at baseline was inversely associated with WC, TG, TG to HDL ratio, and the total cholesterol to HDL ratio after 9 years in Spanish adults (27). To our knowledge, the association of DQI with cardiometabolic risk factors and ABSI has scarcely been investigated. Therefore, in this study, we sought to examine the relationship between diet quality index (DQI) and cardiometabolic risk factors in obese and overweight women.



Subjects and methods

This cross-sectional study was conducted using 197 women recruited from 20 Tehran Health Centers, using simple random sampling. The inclusion criteria were as follows: aged from 18 to 48 years, BMI ≥25 kg/m2, without a history of hypertension, no intake of alcohol and opiate drugs, not being pregnant, and not having an acute or chronic infection; and the exclusion criteria were having a history of CVDs, thyroid, cancer, diabetes, liver disease, kidney disease, and smoking. In addition, participants who had been following any arbitrary special dietary regimen, those with chronic disease(s) affecting their diet, or if their daily energy intake was < 800 or >4,200 kcal (28) were excluded. All participants were asked to sign the written consent before the study commencement, and the study was approved by the ethics committee of Tehran University of Medical Sciences (R.TUMS.VCR.REC.1395.1234).


Anthropometric measurements

The body compositions, including weight, fat and lean mass, and WHR, of the female participants were assessed by the bioelectric impedance analyzer (In Body 770 scanner, Korea) (29). In addition, height was measured to the nearest 0.5 cm to evaluate BMI as weight (kg) divided by height (m2). WC measurement was performed at the point of the umbilicus after exhalation. According to the World Health Organization (WHO) criteria for the classification of weight, a BMI of ≥ 25 kg/m2 was considered overweight, and a BMI of ≥ 30 kg/m2 was considered obesity (30).



Biochemistry measurements

Blood samples were drawn after 12 h of overnight fasting to assess LDL, HDL-C, TG, fasting blood sugar (FBS), and total cholesterol by Pars Azmoon laboratory kits (test Pars Inc, Tehran, Iran). The serum was separated and stored at a temperature of −70°C until the analyses were carried out after centrifugation. Levels of TG, total cholesterol, HDL-C, LDL-C, and fasting blood sugar (FBS) were measured using glycerol-3-phosphate oxidase phenol 4-amino antipyrine peroxidase (GPO-PAP), enzymatic endpoint, direct enzymatic clearance, and glucose oxidase phenol 4-amino, respectively.



Cardiometabolic risk factors calculation

ABSI = [image: image] (10);

LAP index =(WC (cm)-58) × TG (mmol) (31);

AIP: [image: image] (32);

AC: (TC– HDL)/HDL (8);

CRI-I [image: image], respectively (33);

CRI-II [image: image], respectively (33);

TyG = Ln [fasting triglycerides (mg/dL) × fasting glucose (mg/dL)/2] (16);

CHOLINDEX =LDL-C-HDL-C (TG < 400 mg/dL), LDL-C-HDL-C + 1/5 of TG (TG ≥ 400 mg/dL) (9);

TyG-BMI (triglyceride glucose index- body mass index) = Ln [fasting plasma glucose (mg/dL) × fasting triglycerides (mg/dL)/2] × BMI (34);

TyG-WC (triglyceride glucose index- waist circumference) = Ln [fasting plasma glucose (mg/dL) × fasting triglycerides (mg/dL)/2] × WC (35).

The HW phenotype was defined by the presence of increased WC (>88 percentile by age and sex of the sample itself) and increased serum triglycerides (>100 mg/DL) (36).



Dietary intake measurement and DQI calculation

The dietary intake of the women was collected by an instructing nutritionist via a face-to-face interview with a 147-item semi-quantitative food frequency questionnaire (FFQ), where its validity and reliability were previously avowed in the Iranian population (37). The average consumption frequency was considered over the past year on a daily, weekly, and monthly basis. Household measures were taken into account for portion sizes and then converted to grams (38). The food composition table (FCT) of the United States Department of Agriculture (USDA) was used to evaluate energy and nutrients. The Iranian FCT was considered for local foods that were not present in the USDA FCT. There are seven food groups considered in the DQI, which are as follows: fast food (four items); vegetables and fruit (seven items); legumes, chicken, soy protein or fish (four items); sweets (six items); butter, hydrogenated oil, animal fats, or ghee (four items); egg, whole dairy products, or meat (four items); and olive and non-hydrogenated oil (two items). The calculation of this index is based on adequacy, variety, moderation, and balance (39). Variety was assessed by two components: “between-food groups” (0–15 points) and “within-protein source group” (0–5 points). Adequacy evaluates fruits, vegetables, grains, protein, fiber, calcium, iron, and vitamin C intakes (40 points). Moderation assesses total fat, saturated fat, cholesterol, sodium, and empty-calorie foods (30 points). The balance of the micronutrient distribution in the diet and the fatty acid ratio are also examined (10 points). Details about the scoring method of DQI were published previously (40). The whole DQI score is 100, such that a higher score indicates a better quality of the diet. Ultimately, the DQI score of participants was categorized based on tertiles.



Physical activity (PA) measurement

A valid and reliable international PA questionnaire (IPAQ), designed by the WHO and validated in Iranian women adults, was used to assess PA levels (41). The participants were asked to answer questions such as the time they spent on walking, moderate, and vigorous PA during the last week. Then, the time of each PA was converted to minutes per week and calculated as the metabolic equivalent of the task (MET/minutes/week).



Other covariates assessments

Demographic characteristics, including age, marital status, supplement consumption (multivitamins and minerals), socioeconomic status, education, and occupation status were collected.



Blood pressure measurements

Systolic and diastolic blood pressure (SBP and DBP) were evaluated after 15-min rest, using a mercury sphygmomanometer.



Statistical analysis

In this study, SPSS software version 26 (Chicago, USA) was used for all data analysis, and a p-value of < 0.05 was considered statistically significant. Participants were categorized according to tertiles of DQI. Kolmograph–Smirnov test and histogram inspection were used to determine the normal distribution of the data. All variables with normal distribution were analyzed by parametric tests, where one-way analysis of variance (ANOVA) for continuous variables and chi-square analysis for categorical variables were used to compare subject characteristics and dietary intake across tertiles of DQI score, reported as mean (SD). Analysis of covariance (ANCOVA) was used to examine demographic characteristics, anthropometric measurements, clinical assessments, and dietary intake across tertiles of DQI score via adjusting for age, BMI, physical activity, and energy intake in model 1 and education, economic status, and supplement consumption in model 2. Notably, BMI, as a colinear variable, was not adjusted for outcomes including BMI, BFM, WHR, WC, TyG-BMI, ti, LAP, and ABSI in model 1. To examine the association between DQI score and cardiometabolic risk factors, a binary logistic regression model was applied and reported as β and 95% confidence interval (CI).




Results


Study population characteristics

In total, 197 women with a mean age and BMI of 35.5 years and 30.5 kg/m2, respectively, participated in this study. The baseline characteristics of participants were presented in Table 1.


TABLE 1 Baseline characteristics of participants.

[image: Table 1]



Baseline characteristics of participants across the tertiles of DQI scores

The characteristics of participants across the tertiles of DQI scores in overweight and obese women are shown in Table 2. Participants with a higher score of DQI were more physically active (P: 0.002), before and after adjusting for age, energy intake, BMI, and physical activity. Interestingly, there was a statistically significant age difference among women across the tertiles of DQI scores after controlling for confounders (P: 0.011), but not in the crude model (P: 0.118). However, there were no significant differences between tertiles in other characteristics.


TABLE 2 General characteristics of participants across tertiles of DQI among overweight and obese women (n = 197).

[image: Table 2]



Dietary intake of participants across the tertiles of DQI scores

The dietary intake of participants across the tertiles of DQI scores in overweight and obese women is presented in Table 3. Before adjusting for confounding factors, the consumptions of energy (P: 0.041), protein (P: 0.028), and carbohydrate (P < 0.001) increased from the first to the third tertiles of DQI. Women who adhered highly to DQI had a lower intake of total fat (P: 0.006), saturated fatty acids (P: 0.006), and mono-unsaturated fatty acids (P: 0.003); while, in contrast, results indicated a higher intake of iron (P < 0.001), calcium (P: 0.006), magnesium (P < 0.001), zinc (P: 0.006), selenium (P: 0.001), β carotene (P: 0.048), vitamin D (P: 0.049), vitamin B1 (P: 0.001), vitamin B6 (P: 0.009), folate (P < 0.001), and total fiber (P < 0.001). Regarding food groups, it should be mentioned that refined (P: 0.015) and whole (P: 0.002) grains, fruits (P < 0.001), vegetables (P: 0.001), and legumes (P: 0.001) were also consumed in higher quantities by women with a higher score of DQI. After controlling for energy intake, some nutrients remained statistically significant as follows: carbohydrate (P < 0.001), total fat (P < 0.001), saturated fatty acids (P < 0.001), mono-unsaturated fatty acids (P < 0.001), iron (P < 0.001), calcium (P: 0.039), magnesium (P < 0.001), zinc (P: 0.025), selenium (P: 0.029), thiamin (P: 0.001), folate (P < 0.001), and total fiber (P < 0.001). Also, whole grains (P: 0.009), fruits (P: 0.009), vegetables (P: 0.011), and legumes (P: 0.002) were the same as before adjustments. However, other nutrients showed no significant results across tertiles of DQI, before or after adjustment.


TABLE 3 Dietary intake of participants across tertiles of DQI among overweight and obese women (n = 197).
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Association of DQI with cardiometabolic risk factors and ABSI

The associations of DQI with cardiometabolic risk factors in overweight and obese women are shown in Table 4. There were significant associations between DQI and WHR (β: −0.014, 95% CI: −0.039, 0.011, P-trend: 0.047), AIP (β: −0.086, 95% CI: −0.207, −0.006, P-trend: 0.027), and CHOLINDEX (β: −4.998, 95% CI: −15.597, 0.000, P-trend: 0.031) with the third tertile of DQI scores, as compared to people in the first tertile, in obese women after adjusting for age, BMI, PA, energy intake, education, socioeconomic status, and supplement use. However, in other cardiometabolic risk factors, no significant relationship was seen after adjusting for potential confounders. In the crude model, women who were in the second tertile of DQI had a lower score of TyG-BMI (β: −5.245, 95% CI: −22.555, −1.065, P: 0.043) and TyG-WC (β: −31.464, 95% CI: −91.980, −9.052, P: 0.038) than women in the first tertile, which was statistically significant. Although, this significant relationship disappeared after adjusting for potential confounders. Despite the level of other cardiometabolic risk factors, including BMI, BFM, WC, FBS, cholesterol, TG, HDL, LDL, SBP, DBP, ABSI, CRI-I and II, TyG, LAP, and AC, before and after adjustments, was lower in the third tertile of DQI compared to the first tertile, this relationship was not significant (P-value > 0.05).


TABLE 4 Association of DQI with cardiometabolic risk factors among overweight and obese women (n = 197).

[image: Table 4]




Discussion

This cross-sectional study was conducted to evaluate the association between DQI and cardiometabolic risk factors and ABSI in Iranian women. Accordingly, our findings showed that a high-quality diet in women, assessed by adherence to the DQI, was inversely associated with cardiometabolic risk factors, including WHR, AIP, CHOLINDEX, TyG-BMI, and TyG-WC. There were no significant associations between DQI and other cardiometabolic risk factors and anthropometric indices, including ABSI in women.

Previous studies have shown that a high-quality diet can contribute to the maintenance of cardiovascular health in young and middle-aged adults (42–44). For instance, following a modified Mediterranean diet in the Coronary Artery Risk Development in Young Adults (CARDIA) study led to a reduction of metabolic disorders in middle-aged participants (43). Moreover, higher Alternate Healthy Eating Index scores in the China Health and Nutrition Survey (CHNS) study were related to lower odds of disorders, such as diabetes, and low LDL levels in male participants (45). In a cross-sectional study, it was demonstrated that a higher DASH score was associated with lower insulin resistance and lower serum levels of LDL, HDL, and VLDL, while subjects in the highest DASH quartile had lower odds of metabolic syndrome (46). In the cross-sectional Australian Health Survey, higher scores on the Dietary Guideline Index (DGI) were associated with lower glucose, body mass index, and waist circumference (47). On the other hand, a systematic review and meta-analysis demonstrated that there was no considerable relation between dietary diversity score and most CMRs (48). However, little is known regarding the association between DQI and cardiometabolic risk factors and anthropometric indices.

In a cohort study, a 13-year follow-up among 4,390 adult participants indicated that lower scores of DQI were associated with higher scores of impaired HDL, FBG, LDL, and WC (49). In a cross-sectional study, which was carried out in 2021, it was observed that DQI score was inversely associated with serum level of TC, but positively associated with HDL (50). Alkerwi et al., in the Observation of Cardiovascular Risk Factors in Luxembourg (ORISCAV-LUX) study, found an inverse association between DQI score and total cholesterol, LDL, and HDL levels (51). In a cohort study among 451 participants, after 6.7 years of follow-up, a positive association was found between DQI score and HDL, although only in male participants (52). In a study by Kim et al., DQI had a significant association with fasting plasma glucose in diabetic patients (53). Moreover, results of a 10-year follow-up cohort study, across 10 European countries with over 450,000 participants, indicated that DQI scores were inversely associated with cardiovascular disease mortality and its risk factors, including blood lipids and glucose (54).

Based on our results, the DQI score was not related to the serum glycemic and lipid profile markers; however, the DQI score was inversely associated with CHOLINDEX, TyG-BMI, and TyG-WC, which are related indices to insulin resistance and lipid parameters. In a cross-sectional study conducted on patients with type 2 diabetes, there was no significant relationship between DQI scores and glycemic status and lipid profile parameters in diabetic patients (55). In addition, Daneshzad et al. did not observe any significant association between DQI and CVD risk factors in a cross-sectional study on diabetic women (56). However, in the Korea National Health and Nutritional Examination Survey, higher scores of DQI in middle-aged and older women were associated with a lower risk of body composition abnormalities (57), while Gregory et al.'s DQI was positively associated with BMI and WC (58). Nevertheless, in a cross-sectional study from the results of the Tehran Lipid and Glucose Study, no significant association was observed between DQI and BMI and WC (59). In this study, our results suggested that DQI was inversely associated with WHR, but there was no association between DQI and BMI, BFM, and WC. According to the extant literature, possible reasons for the inconsistency of the published results could be related to the differences in the sample size, different designs of the studies, and differences in the health status of participants.

The present results of the study showed that women with the highest score of DQI had a higher intake of whole grains, fruits, vegetables, legumes, and total fiber, in addition to a lower intake of total fat and saturated fatty acids. It has been reported that a high-quality diet is related to a decreased risk of mortality caused by cardiovascular diseases (60). Dietary combinations can have considerable efficacy on insulin sensitivity (61). The types of fat consumption have been investigated and discussed as a factor in cardiovascular (62), as part of nutritional planning, and for the increase of insulin sensitivity (63). The quality of dietary fats can affect the composition of cell membranes and their functions and also cause to alter in insulin signaling pathways in tissues (64). For example, saturated fatty acids can induce insulin resistance by reducing the release of adiponectin and disrupting insulin signaling pathways associated with glucose uptake in adipose tissue. In addition, fatty acids lead to insulin resistance by causing chronic and mild inflammation through inflammatory cytokines, lipids and their metabolites, and reactive oxygen species (65–67). The saturated fatty acid could cause activates serine kinase proteins, leading to inflammatory pathways, and through reduction tyrosine phosphorylation of insulin receptor substrate 1, adverse affect insulin transportation (57). In addition, other negative results of its consumption include formation of antagonists against insulin activity, such as sphingolipids (68), and the expression of nuclear factor kappa B (NF-kB) and cyclooxygenase-2 (COX-2) (69). Intake of complex carbohydrates, such as fiber, and sources rich in polyphenols and antioxidants, including vegetables, fruits, and legumes, can contribute to an ameliorated cardiovascular status, due to their anti-inflammatory properties (70–72). Dietary fiber intake can, through its fermentation by intestinal bacteria and the production of short-chain fatty acids, lead to a reduction in the synthesis of cholesterol in the body (73, 74). The short-chain fatty acids lead to a decrease in the levels of C-reactive protein and interleukin-6 (75, 76). The benefits of polyphenols are related to their anti-inflammatory and antioxidant properties (77) because they can reduce the release of NO and PGE2 by suppressing the expression of iNOS and PGE2, and also reduce the release of IL-1b and TNF-a, an effect that has been related to suppressing activation of the NF-kB pathway (78, 79). Consumption of these products leads to ameliorate regulation of fat and carbohydrate metabolism, improvement of hyperglycemia, a decrease of dyslipidemia, increased sensitivity to insulin, amendment of adipose tissue metabolism, and decrease in oxidative stress (80). One of the most well-known effects of polyphenols on carbohydrate metabolism is the suppression of the function of the key enzymes (including alpha-glucosidase and alpha-amylase) responsible for its digestion in the gastrointestinal tract (81, 82). Some types of polyphenols can interfere with the absorption of glucose from the small intestine by inhibiting sodium-dependent glucose transporters, such as SGLT1 (83, 84). Polyphenolic ingredients regulated at blood sugar level after meals and improved glucose intolerance by facilitating insulin response and reducing the secretion of hormones such as glucose-dependent insulinotropic polypeptide (GIP) and glucagon-like polypeptide-1 (GLP-1) (85, 86). Some polyphenols can regulate the lipolysis mechanism through the induction of adipose tissue lipase, hormone sensitive lipase, enhances gene expression of mitochondrial uncoupling protein 2 (UCP-2) and carnitin palmitoyl transferase-1 (CPT-1) (87, 88). Most polyphenolic compounds, because of their particular structure, have been known as antioxidant phytochemicals (89). They improve the oxidant-antioxidant equilibrium through the endogenous antioxidant system. These bioactive factors diminish lipid peroxidation and increase the total antioxidant capacity of plasma. In addition, they induce enzymes including superoxide dismutase, catalase, and glutathione peroxidase (90).

This study represents a novel addition to the literature, where we elucidate the relationship between DQI and cardiometabolic risk factors in obese and overweight women. Indeed, among the strengths of our study, unlike most of the studies conducted on the relationship between DQI and cardiometabolic risk factors, which only used BMI, WC, and usual glycemic and lipid serum parameters, our study also investigated the relationship of other atherogenic indices, lipid ratios, and anthropometric indices. Nevertheless, despite the strength and novelty of this study, some limitations should be noted. First, the sample included only women; although this was a purposeful decision, based on the dearth of data in the literature. In addition, since this study was performed only in one province, the results cannot be attributed to the total population. Furthermore, using FFQ makes measurement errors inevitable; these largely emanant from recall and other subjective biases. Finally, because of the cross-sectional design of the study, causal inferences cannot be made.



Conclusion

In this study, we showed that the higher DQI score was associated with lower WHR, AIP, CHOLINDEX, TyG-BMI, and TyG-WC in overweight and obese women. However, more studies are needed to confirm these findings and elucidate their mechanistic etiology in the future.
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Background: Body mass index (BMI) is insufficient evidence as a risk factor for numerous health disorders. Body composition may be more appropriate for confirming the association with cardiovascular diseases, including atrial fibrillation (AF). This study aimed to examine the association between body composition and the occurrence of AF.



Methods: A total of 2,673,108 participants (48.6% women) without AF at baseline from the Korean national health insurance data were included. Body composition including appendicular skeletal muscle mass, body fat mass, and lean body mass were indirectly measured through validated anthropometric prediction equations. The diagnosis of AF and comorbidities were defined.



Results: With a median of 9.5 (interquartile range 9.2–10.1) years’ follow-up, 25,841 (0.96%) cases of incident AF were included. In multivariable analysis, higher appendicular skeletal muscle was related to low risk of AF [hazard ratio (HR) 0.829, 95% confidence interval (CI) 0.753–0.912 for men (fifth quintile) and HR 0.888, 95% CI 0.792–0.995 for women (fifth quintile)]. In contrast, a higher body fat mass [HR 1.345, 95% CI 1.221–1.483 for men (fifth quintile) and HR 1.420, 95% CI 1.274–1.591 for women (fifth quintile)] and lean body mass [HR 2.241, 95% CI 2.182–2.303 for men (fifth quintile) and HR 1.516, 95% CI 1.368–1.667 for women (fifth quintile)] were associated with the occurrence of AF.



Conclusions: In this study, body composition parameters were associated with the occurrence of AF. It should be noted that when appendicular skeletal muscle mass decreases and body fat mass and lean body mass increase, the risk of AF may be increased in general population except underweighted BMI group.
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1. Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia that increases the possibility of mortality, stroke, and systemic embolism (1). Globally, the present age has entered the age of aging, and the incidence of vascular risk factors has also increased. These changes have caused the incidence of AF to increase in Asian and Western populations continuously (2, 3). Therefore, it is important to control and recognize the association or risk factors for the occurrence of AF. To date, risk factors for AF, including hypertension, diabetes mellitus, coronary artery occlusive disease, aortic atheroma, poor oral hygiene, smoking, and cardiomyopathy, have been suggested. However, information regarding further modifiable associative or risk factors for AF is still lacking (4–6).

Obesity is explained as an excess of health-impairing fat mass and is commonly defined as a body mass index (BMI) ≥30 kg/m2 (7). The worldwide prevalence of obesity has increased over the past few decades, and the global burden of obesity is still increasing (8). It is well known that obesity, especially high levels of fat mass, worsens cardiovascular risk factors, including hypertension, lipoprotein metabolism, insulin resistance, and inflammation (9, 10). Considering the association of obesity with AF, obesity is associated with an increase in AF (11, 12). Therefore, it is important to develop an accurate method that measures obesity. Although BMI is frequently used to define obesity, the results of studies using BMI to determine the relationship between obesity and AF are inconsistent. Previous studies that defined obesity as an increased BMI showed a positive correlation between obesity and the risk of AF (13). On the other hand, other studies have showed the obesity paradox, where obese and overweight patients with AF, have a better prognosis than their leaner counterparts (14, 15). Therefore, body composition parameters, not simply BMI, may be more appropriate to confirm the association with disease (16).

To date, studies regarding the relationship between body composition and AF have been limited. In a previous study, increased body fat indices, independent of BMI, were related to the incidence of AF (17). Moreover, another study showed that high lean body mass was a determinant of AF incidence in postmenopausal women (18). Nevertheless, there have been few studies of longitudinal design targeting a general population of large sample sizes on the relationship of body composition with the occurrence of AF. Therefore, we aimed to investigate the association of predicted appendicular skeletal muscle mass index (pASMMI), predicted body fat mass index (pBFMI), and predicted lean body mass index (pLBMI), which were derived from an equation previously validated in the Korean population (16), with the occurrence of AF in a longitudinal setting.



2. Methods


2.1. Participants

This study was performed using the National Health Insurance Service Health Screening dataset (NHIS-HEALS) provided by the Korean government. In South Korea, adults over the age of 20 are supported to undergo free health screening every other year. The Korean government combined the results of national health screening with age, sex, and sociodemographic data as well as the national health claim data, which 97% of the South Korean population are enrolled, including household income and medical history, which includes diagnostic codes, medication prescriptions, treatment or procedure information, hospitalization, and date of mortality (19). Of these data, 2,815,596 participants who underwent a national health examination between 2010 and 2011 and aged between 20 and 79 years were used to construct a dataset (NHIS-2021-1-715) and used it through a predetermined identification and validation process (6, 20). Among 2,815,596 participants, those (n = 130,044) with at least one missing value regarding demographic data, lifestyle, and laboratory findings were excluded. Patients with a previous history of AF (n = 12,444) were excluded. Finally, 2,673,108 participants were included in this study (Figure 1). Our study was permitted by the Institutional Review Board of Ewha Womans University Seoul Hospital (Institutional Review Board approval number: SEUMC 2022-02-018).


[image: Figure 1]
FIGURE 1
Flowchart of participant selection.




2.2. Predicted body composition and covariates

pASMMI, pBFMI, and pLBMI were investigated using validated anthropometric prediction equations from the Korean National Health and Nutrition Examination Survey cohort (16). In a previous study, body fat mass, lean body mass, and appendicular skeletal muscle mass were identified using dual-energy x-ray absorptiometry, and a prediction equation was constructed using different combinations of age, height, weight, level of serum creatinine, waist circumference, and lifestyle factors (physical activity, alcohol use, and smoking habit) as predictor variables (16). The combination of age, height, weight, waist circumference, serum creatinine level, and lifestyle factors were chosen in this study to create equations for the body composition. This predictive model was validated as having high predictive power, a moderate agreement rate, and low bias in the Korean general population. Appendicular skeletal muscle mass, lean body mass, and body fat mass were presented as an index (weight [kg] divided by height squared [m2]) for pASMMI, pBFMI, and pLBMI, respectively (Supplementary Methods 1). Predicted body composition including pASMMI, pBFMI, and pLBMI divided into quintiles (Supplementary Methods 2).

Detailed definitions of covariates are provided in Supplementary Methods 3 and previous studies (21). Variables including age, sex, BMI, household income (quartiles), smoking status (never, former, or current), alcohol consumption (none, moderate, or heavy), physical activity (low or moderate), comorbidities (hypertension, diabetes mellitus, dyslipidemia, cancer, renal disease, chronic obstructive pulmonary disease, obstructive sleep apnea syndrome, peripheral arterial disease, heart failure, and liver disease) were collected (6, 22, 23). Comorbidities were defined considering the International Classification of Diseases, Tenth Revision (ICD-10) codes, medication history, and laboratory findings from health examinations (6, 22).



2.3. Outcomes

The primary outcome was an occurrence. The index date was considered the date of the national health examination. If more than one check-up was performed between 2010 and 2011, the most recent health examination results were used for statistical analysis. The diagnostic accuracy of the ICD-10 code (I48) for AF in the NHIS has been validated (94%) (6). Follow-up was carried out until 31 December 2020 or until the first occurrence of death or AF.



2.4. Statistical analysis

Chi-squared tests and independent t-tests were performed to compare and categorical and continuous variables, respectively. For categorical variables, we tested the proportional hazard assumption using the Schoenfeld residuals. No departure from the proportional hazard assumption was detected (Supplementary Methods 4). The Cox proportional hazards model presented with hazard ratios (HR) with 95% confidence intervals (CI) was used to estimate the effect of body composition, pASMMI, pBFMI, and pLBMI, on the incidence of AF. In multivariable analysis, the following potential confounders were adjusted: BMI, household income, hypertension, diabetes mellitus, dyslipidemia, cancer, renal disease, chronic obstructive pulmonary disease, obstructive sleep apnea syndrome, peripheral arterial disease, heart failure, and liver disease. Generally standardized criteria of muscle and fat masses are not available currently. Sarcopenia is defined by authorized working groups such as the European Working Group on Sarcopenia in Older Persons and the Asian Working Group for Sarcopenia as the lowest quintile of study population (24, 25). According to these previous studies, we defined the lowest (first) quintile of pASMMI, pBFMI, and pLBMI from the study population as the reference group. For the sensitivity analysis, regression methods of Fine and Gray for competing risk data (death was a competing event for AF) were utilized according to sex. Subgroup analyses were performed with pASMMI, pBFMI, and pLBMI on the incidence of AF according to BMI categories; underweight (<18.5 kg/m2), normal weight (18.5–24.99 kg/m2), overweight (25–29.99 kg/m2), and obesity (≥30 kg/m2). Statistical analyses were performed using the SAS 9.4 version (SAS Inc., Cary, NC, USA) and R software, version 3.3.3 (R Foundation for Statistical Computing, Vienna, Austria). Two-sided P-values less than 0.05 were considered significant.




3. Results

Table 1 shows the results of comparing the baseline characteristics of 2,673,108 participants according to sex (n = 1,375,179 for men, n = 1,297,929 for women). The mean age of men was 47.47 ± 13.74 years and of women was 49.76 ± 14.28 years. Significant differences in BMI, smoking status, alcohol consumption, household income, physical activity, and comorbidities were observed between men and women (Table 1). According to BMI categories, the proportion of underweight, normal, overweight and obesity were as follows 3.7% (2.1% for men and 5.3% for women), 63.2% (59.3% for men and 67.3% for women), 29.3% (34.6% for men and 23.8% for women), and 3.8% (4.0% for men and 3.6% for women), respectively. The pASMMI (8.28 ± 0.78 kg/m2 for men vs. 6.26 ± 0.57 kg/m2 for women), pBFMI (5.39 ± 1.43 kg/m2 for men vs. 7.64 ± 1.94 kg/m2 for women), and pLBMI (18.64 ± 1.68 kg/m2 for men vs. 15.40 ± 1.39 kg/m2 for women) were significantly different according to sex (P < 0.001).


TABLE 1 Baseline characteristics of the study participants.

[image: Table 1]

In multivariable analysis, higher pASMMI was related to low risk of AF regardless of sex [HR 0.829, 95% CI 0.753–0.912, P = 0.001 for men (fifth quintile) and HR 0.888, 95% CI 0.792–0.995, P = 0.041 for women (fifth quintile)] (Table 2). In contrast, higher pBFMI [HR 1.345, 95% CI 1.221–1.483, P < 0.001 for men (fifth quintile) and HR 1.420, 95% CI 1.274–1.591, P < 0.001 for women (fifth quintile)] and pLBMI [HR 2.241, 95% CI 2.182–2.303, P < 0.001 for men (fifth quintile) and HR 1.516, 95% CI 1.368–1.667, P < 0.001 for women (fifth quintile)] were positively related to an increased possibility of AF regardless of sex (Table 2). Similar associations were also observed after considering the competing risk of mortality (Table 3).


TABLE 2 Hazard ratios with 95% confidence interval for atrial fibrillation in multivariable Cox proportional hazards model.
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TABLE 3 Hazard ratios with 95% confidence interval for atrial fibrillation in competing risk analysis with fine - gray model.
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The results for the association of body composition with incident AF according to BMI subgroups are shown in Table 4 and Figures 2A,B. A higher pASMMI was related to a decreased possibility of AF in both sexes. In contrast, a higher pLBMI was also related to an increased risk of AF, except the underweight group in both sexes. Moreover, increased pBFMI was related to the incidence of AF, except the underweight group in men.


TABLE 4 Subgroup analysis according to body mass index categories regarding predicted body composition indices and atrial fibrillation.
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FIGURE 2
Forest plot showing the hazard ratio and 95% confidence intervals of the association between body composition indices according to subcategories of body mass index and atrial fibrillation for (A) men and (B) women.




4. Discussion

The main finding of our study was that pASMMI was negatively associated with the risk of AF, and pBFMI and pLBMI were positively associated with the incidence of AF.

Generally, skeletal muscle mass is considered beneficial to health. However, it is rarely known how skeletal muscle mass affects for risk of AF. A previous study showed that patients with AF have a lower percentage of skeletal muscle mass (26). In addition, both sarcopenia and the ratio of muscle components are associated with electrocardiogram abnormalities, including AF (27). In line with previous report that sarcopenic overweight/obese was associated with risk of AF (28) and sarcopenia was associated with cardiovascular disease including AF in older patients (27), our report that pASMMI showed a negative association with risk of AF regardless BMI. Because skeletal muscle generates considerable metabolic and oxygen demand in the body, it affects cardiac muscle, cardiac output, and heart rate (29).

Many previous epidemiologic studies have shown that obesity increases the risk of AF; however, confusion, including unexpected J- or U-shaped associations, has often been observed (30). Some studies in relation to obesity showed that greater lean body mass was a strong independent risk factor for AF, and fat mass was also related to a higher risk of AF (17, 18, 31, 32). Although previous studies showed that body fat composition/distribution, which may be linked to non-alcoholic fatty liver disease (NAFLD), has been associated with a higher occurrence of AF (33, 34), our study showed that body fat composition was associated with occurrence of AF after adjusting liver disease including NAFLD. Furthermore, though several controversies exist, regardless of BMI, our study showed a positive relationship between higher pBFMI and the incidence of AF, in line with the findings of previous studies (27, 32). Body fat mass is related to an increased risk of hypertension, insulin resistance, diabetes, coronary heart disease, and heart failure, which contribute to AF (34). Furthermore, increased left atrial size, volume overload, left ventricular diastolic dysfunction, and left atrial dysfunction due to body fat mass further contribute to electrophysiological remodeling and conduction abnormalities resulting in AF (35, 36).

Furthermore, our study showed a positive relationship between pLBMI and the risk of AF, in line with the findings of previous studies (31, 32, 37). But, because participants with low lean body mass were a relatively unhealthy group (38), effect lowering the risk of AF might be offset in participants with underweighted BMI. Also, in present study, the absolute number of underweighted BMI groups is small. For those factors, the significant association between high lean body mass and AF risk might not be observed in underweighted BMI group. In addition, because most overweight and obese people have high predicted lean body mass and fat mass, a higher pLBMI was related to an increased risk of AF in overweight and obese participants (38).

In participants with underweight BMI, we observed a negative relationship between pLBMI and pASMMI and the risk of AF. A previous study suggested that being underweight was significantly related to an increased risk of AF (39). There are several potential mechanisms underlying this obesity paradox. An animal study suggested that the loss of myostatin, a well-known negative regulator of skeletal muscle growth that causes sarcopenia, can lead to AF (40). Studies have linked AF to a deficiency of trace elements (41). However, all of the predicted body composition indices were not significantly related to the occurrence of AF in underweight participants due to the small number of underweight participants.

The strength of our study is that it showed an association between body composition indices and AF in a large sample of the general Korean population in a longitudinal setting. Furthermore, our study could potentially serve as evidence for future randomized clinical trials investigating whether the risk of AF changes with the regulation of body composition and also facilitate future comparative research with direct measurements of body composition using dual energy x-ray absorptiometry or computed tomography scan. In addition, our findings could be practically utilized as evidence for the importance of maintaining a healthy body composition. In other words, our results could be used as educational materials for the general population, highlighting that the potential benefits of maintaining or increasing skeletal muscle mass and decreasing body fat mass cause reducing the risk of AF. However, our study has some limitations. First, although it was conducted with a longitudinal design, this is a retrospective study; therefore, we could not confirm the causal relationship or exclude confounders. Second, we used the equation for predicted body composition validated in the Korean population for large-scale analysis rather than directly conducting dual-energy x-ray absorptiometry. In addition, because the equation was estimated for the Korean population, these findings may not be generalizable to other ethnicities. Third, the predicted body composition indices were measured once or twice during the study period; thus, possible serial changes in body composition were not considered. Finally, this is an epidemiological study that cannot explain the basic mechanism of the association between body composition and AF.

In conclusion, our results demonstrated that a lower muscle mass, higher lean body mass, and higher fat mass were related to an increased risk of AF in general population except underweighted BMI group. These associations between AF and body composition differed according to the BMI categories. For studies with longitudinal settings and large sample sizes, body composition, including body fat mass, lean body mass, and skeletal muscle mass, may be more accurate in confirming the association with AF than BMI.
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Background: Non-alcoholic fatty liver disease (NAFLD) contributes to the development of ischemic heart disease via multiple mechanisms. Fatty liver index (FLI) has been proposed as an accurate, convenient, and economic surrogate of the severity of NAFLD. Our present study aims to assess the association between FLI and the prevalent IHD and to evaluate the potential value of FLI to refine the detection of prevalent IHD in the general population.



Methods: Our work recruited 32,938 subjects from the National Health and Nutrition Examination Survey 1999–2016. IHD was diagnosed according to the subjects’ self-report. FLI was determined based on triglycerides, BMI, γ-glutamyltransferase, and waist circumference.



Results: 2,370 (7.20%) subjects were diagnosed with IHD. After adjustment of age, sex, race, current smoking, current drinking, PIR, BMI, WC, TC, TG, GGT, Scr, FPG, SBP, anti-hypertensive therapy, anti-diabetic therapy, and lipid-lowering therapy, one standard deviation increase of FLI resulted in a 27.0% increment of the risk of prevalent IHD. In the quartile analysis, we observed a 1.684 times risk of prevalent IHD when comparing the fourth quartile with the first quartile, and there was a trend towards higher risk across the quartiles. The smooth curve fitting displayed a linear relationship between FLI and the presence of IHD without any threshold or saturation effect. Subgroup analysis revealed a robust association in conventional cardiovascular subpopulations, and the association could be more prominent in female subjects and diabetes patients. ROC analysis demonstrated an incremental value of FLI for detecting prevalent IHD after introducing it to conventional cardiovascular risk factors (AUC: 0.823 vs. 0.859, P for comparison <0.001). Also, results from reclassification analysis implicated that more IHD patients could be correctly identified by introducing FLI into conventional cardiovascular risk factors (continuous net reclassification index: 0.633, P < 0.001; integrated discrimination index: 0.034, P < 0.001).



Conclusion: The current analysis revealed a positive and linear relationship between FLI and the prevalent IHD. Furthermore, our findings suggest the incremental value of FLI to refine the detection of prevalent IHD in the general population.
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Introduction

Ischemic heart disease (IHD) has been one of the prominent causes of death globally for decades. The mortality caused by IHD reached 116.9 per 10,000 early in 2017 (1). Under this grim situation, an approach to improve and simplify the detection of subclinical IHD is essential to alleviate the burden of the secondary prevention of IHD.

The presence of non-alcoholic fatty liver disease (NAFLD) is closely associated with an increased risk of IHD (2, 3). From an epidemiological point of view, NAFLD and cardiovascular diseases share several risk factors, including metabolic dysfunction and lifestyle habits (4). Previous studies suggested an association between NAFLD and the risk of several cardiovascular diseases, particularly with IHD (5, 6). Published data have demonstrated that NAFLD is associated with subclinical atherosclerosis and an elevated ten-year IHD risk score independent of diabetes and hypertension (7–10). Furthermore, a recent systemic review, which included 20 studies, has demonstrated that NAFLD patients showed a significantly increased risk of myocardial infarction (11). The pathophysiological mechanism underlying this association is only partially discovered, but it is likely complex and resulting from the interplay of different, bidirectional pathways, including endothelial dysfunction, vascular inflammation, and impaired glucose and lipid metabolism (4). Due to the strong association between NAFLD and IHD, estimating the severity of NAFLD could be a possible approach to benefit the early detection of IHD in the general population. However, the current diagnosis of NAFLD relies on liver ultrasonography, computed tomography, magnetic resonance spectroscopy, and liver biopsy (12); all these methods are costly, inconvenient, and unsuitable for frequent monitoring in primary care conditions. Accordingly, an economical, convenient, and non-invasive method to achieve routine monitoring of NAFLD severity is needed to advance the early identification of IHD in the general population.

Fatty liver index (FLI) was proposed to assess the severity of NAFLD (13). Previous studies have identified its value in predicting several atherosclerotic cardiovascular diseases (14–16). However, evidence regarding the usefulness of FLI in improving the detection of IHD in the general population is still limited. Thus, the present work aims to assess the association between FLI and the prevalent IHD and investigate the potential of FLI to refine the detection of prevalent IHD in a general American population.



Methods


Study participants

Our population was derived from the National Health and Nutrition Examination Survey (NHANES) 1999–2016. A detailed description of the NHANES study's protocol and methods is available at its official website (https://wwwn.cdc.gov/nchs/nhanes/ContinuousNhanes/Default.aspx?BeginYear=2013). Briefly, the NHANES survey is conducted by the National Center for Health Statistics (NCHS), a department of the Centers for Disease Control and Prevention (CDC). The NHANES is a continuous cross-sectional survey conducted in America every two years. The survey adopts a multistage, stratified, and clustered probability sampled pattern to maintain its representativity. The primary objective of NHANES is to assess the number and percentage of people with selected diseases and risk factors in the American population. From 1999 to 2016, a total number of 92,062 subjects completed the data collection process. In the current analysis, we included subjects with completed data about the IHD questionnaire, FLI value, and related covariates, and finally included 32,938 subjects. The NCHS institutional Ethics Review Board approved the study protocol. All participants provided written informed consent. All data in the present analysis is accessible to the public at NHANES's official website.



Measurements

During the data collection process, interviews were performed at the subjects’ homes, while physical and laboratory examinations were conducted in the Mobile Examination Center (MEC). Trained interviewers collected the demographic data with a computer-assisted personal interviewing method. If the subjects could not answer the questions alone, a family member would answer them. Current drinking was determined as having at least 12 drinks in the past year. Current smoking was defined as answering “every day” or “some days” for the question “Do you now smoke cigarettes?”

Anthropometric parameters were measured under the standard protocol. Height and waist circumference (WC) were quantified to the nearest 0.1 cm; weight was quantified to the nearest 0.1 kg. Blood pressure measurement was also performed according to standard operating procedure. After sitting and resting quietly for 5 min, the blood pressure was measured by a calibrated sphygmomanometer. We employed the mean of 3 blood pressure recordings in our analysis. Detailed information about the blood pressure measurement was documented in the “Physician Examination Procedures Manual” on the NHANES official website (https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/manuals.aspx?BeginYear=2013).

Laboratory tests were conducted at the laboratories certified by NCHS. Detailed information about the laboratory tests was summarized in the official “Laboratory procedures manual” (https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/manuals.aspx?BeginYear=2013). Briefly, the whole blood count differential used VCS technology, and the Beckman Coulter DXH 800 was used as the hematology analyzer. Blood lipids were quantified by enzymatic assay on the Roche Modular P and Roche Cobas 6,000 chemistry analyzers. Fasting plasma glucose was determined by the oxygen rate method on the Modular Chemistry side of the Beckman DxC800. The DxC800 modular chemistry side tested serum creatinine (Scr) through using the Jaffe rate method.



Definitions

The following standard formula calculated FLI: FLI = [e0.953 × ln(TG) + 0.139 × BMI + 0.718 × ln(GGT) + 0.053 × WC – 15.745)]/[1 + e0.953 × ln(TG) + 0.139 × BMI + 0.718 × ln (GGT) + 0.053 × WC – 15.745] × 100 (13), TG means triglycerides, BMI stands for body mass index, GGT indicates γ-glutamyltransferase, WC refers to waist circumference. Anti-diabetic therapy was defined as using any anti-diabetic medicine in the past two weeks. Diabetes was diagnosed as fasting plasma glucose (FPG) ≥7 mmol/L and / or self-reported anti-diabetic therapy according to the published guideline (17). Anti-hypertensive therapy referred to any blood pressure-lowering medicine intake in the past two weeks. Hypertension was diagnosed as mean systolic blood pressure (SBP) ≥140 mmHg and/or mean diastolic blood pressure ≥90 mmHg; Additionally, subjects with self-reported anti-hypertensive therapy were also recognized as hypertensive patients (18). Lipid-lowering therapy was determined as input of lipid-lowering medicine in the past two weeks. Diagnosis of IHD was identified if the subjects answered “yes” to the question “Ever told you had coronary heart disease? (Questionnaire code: MCQ160c)”, “Ever told you had angina/angina pectoris? (Questionnaire code: MCQ160d)”, or “Ever told you had a heart attack? (Questionnaire code: MCQ160e)”.



Statistical analysis

Statistical analysis was performed using Stata Statistical Software (version 15.0; StataCorp. LLC. 4905 Lakeway Drive, College Station, Texas 77845 USA) and statistical software packages R (http://www.R-project.org, The R Foundation), EmpowerStats (http://www.empowerstats.com, X&Y Solutions, Inc., Boston, MA). Statistical significance was noted as a two-tailed P value < 0.05. Statistical data were weighted according to the survey design of NHANES (https://wwwn.cdc.gov/nchs/nhanes/tutorials/module3.aspx). Continuous variates were expressed as the mean value with 95% confidence intervals (CI). Categorical variates were also summarized as frequency and 95% CI. T-test and Chi-square test were performed to compare continuous and categorical variates, respectively. Multivariate logistic regression analysis was conducted to investigate the independent association between FLI and the prevalent IHD. Normalized FLI was generated by a z-score change [(FLI-mean of FLI)/SD]. The results of regression analysis were listed as odds ratios (ORs) and 95% confidence intervals (95% CI). To confirm whether the association between FLI and the prevalent IHD was linear in the full range of FLI, we employed a generalized additive model (GAM) with a spline smoothing function, and we also conducted a logarithmic likelihood ratio test to compare one pairwise and two pairwise logistic regression model. Finally, the current study also engaged receiver operating characteristic (ROC) curve and reclassification analysis, including continuous net reclassification index (NRI) and integrated discrimination index (IDI), to assess the potential value of FLI to improve the detection of prevalent IHD.




Results

Characteristics of the enrolled participants were summarized in Table 1. Among the enrolled 32,938 subjects, 2,370 (7.20%) subjects were detected as IHD patients. Regarding the demographic data, IHD patients were older than non-IHD subjects. Male distribution was significantly higher in the IHD group than in the non-IHD group. IHD patients had a relatively higher percentage of non-Hispanic white than non-IHD subjects. Non-IHD had substantially higher income level (displayed as higher PIR). The non-IHD group had a relatively higher percentage of current drinking status and a relatively lower percentage of current smoking than the IHD group. As for the anthropometric parameters, weight, BMI, WC, and SBP levels were significantly higher in the IHD group. Laboratory indexes like FPG, TG, GGT, and serum creatine (Scr) were substantially higher in the IHD group, and the TC was significantly lower in the IHD group than in the non-IHD group. About medical history characteristics, the IHD group had higher percentages of anti-hypertensive therapy, anti-diabetic therapy, lipid-lowering therapy, diagnosed hypertension, and diagnosed diabetes than the non-IHD group. Finally, the FLI level was significantly higher in the IHD group than in the non-IHD group.


TABLE 1 Data characteristics of enrolled subjects grouped by the presence of IHD.
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Our study employed logistic regression analysis to evaluate the relationship between FLI and the prevalent IHD in our population (Table 2). In the crude model, each SD increase of the normalized FLI was associated with an additional 54.2% risk of the presence of IHD. After adjustment of age, sex, and race, the risk for each SD increase changed to 45.5%. Further adjustment of covariates, including current smoking, current drinking, PIR, BMI, WC, TC, TG, GGT, Scr, FPG, SBP, anti-hypertensive therapy, anti-diabetic therapy, and lipid-lowering therapy, diminished the risk for each SD increase of the normalized FLI to 27.0%. When dividing FLI into quartiles, the top quartile had a 1.684 times risk for the prevalent IHD than the bottom quartile, and the risk for prevalent IHD showed a trend towards a more significant risk across the quartiles (P for trend = 0.002).


TABLE 2 Independent association between FLI and the prevalent IHD.
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To validate the trend towards a greater risk of prevalent IHD that was observed in the logistic regression analysis, we further conducted a smooth curve fitting. As displayed in Figure 1, the risk of IHD increased proportionally with the increment of Normalized FLI, and we did not observe any threshold or saturation phenomenon in the association between normalized FLI and the prevalent IHD. Consistently, P for non-linearity test was insignificant (0.276).


[image: Figure 1]
FIGURE 1
Smooth curve fitting evaluating the association between FLI and the prevent IHD. Smooth curve fitting was conducted through a generalized additive model with the adjustment of all covariates used in Model 2 of Table 2. In the plot, the ratio of prevalent IHD increased linearly with the increment of FLI, suggesting the association between FLI and prevalent LVH was linear in the full range of FLI. FLI: fatty liver index; IHD: ischemic heart disease.


To determine the consistency of our main result among common cardiovascular subpopulations, we further employed subgroup analysis (Figure 2). The logistic models were adjusted for all covariates used in Model 2 of Table 2, except those used to define the subgroups. As displayed in Figure 2, the positive association between FLI and the prevalent IHD was also observed in age (<50 or ≥50 years old), sex (male or female), race (black, white, or others), obesity (BMI < 30 kg/m2), hypertension (yes or no), and diabetes (yes or no) subgroups, and the interaction effect was insignificant in all these subgroups. However, although the difference was insignificant, the effect size of the association was larger in female subjects and diabetes patients than in male subjects and non-diabetes subjects, respectively.
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FIGURE 2
Subgroup analysis of the association between FLI and the prevalent IHD. The models were adjusted for all covariates used in Model 2 of Table 2, except for the variates used to define the stratum. P for interaction in all subgroups was insignificant, implicating the association between FLI and IHD was robust in these subpopulations.


ROC and reclassification analysis were utilized to investigate the potential usefulness of FLI to improve the detection of prevalent IHD in our population (Table 3). Regarding the results of ROC analysis, although the AUC of FLI itself was limited, we still observed a significant improvement of the AUC (0.823 vs. 0.859, P for comparison <0.001) when introducing FLI into clinical risk factors (including age, sex, race, current smoking, current drinking, PIR, BMI, WC, TC, TG, GGT, Scr, FPG, SBP, anti-hypertensive therapy, anti-diabetic therapy, lipid-lowering therapy). Moreover, continuous NRI (0.633, P < 0.001) and IDI (0.034, P < 0.001) in the reclassification analysis also supported the usefulness of FLI in improving the detection of prevalent IHD.


TABLE 3 Assessment of the value of FLI for detecting prevalent IHD.
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Discussion

The current analysis discovered a positive association between FLI and the prevalent IHD in a representative American population. Furthermore, the association was nearly linear in the whole range of the FLI, indicating the ratio of prevalent IHD increases proportionally with the elevation of FLI. Moreover, the association was consistent in several conventional cardiovascular subpopulations, and the effect size was potentially larger in female subjects and diabetes patients. Additionally, both ROC and reclassification analysis supported the potential usefulness of FLI to improve the detection of prevalent IHD in the general population. In general, FLI may serve as a linear indicator with economic, convenient, and non-invasive characteristics to refine the detection of prevalent IHD in the general population. By applying FLI into clinical practice, general practitioners could improve the detection of IHD.

The findings from our present study supported our assumption that the FLI level is associated with the prevalent IHD in the general population. The first step of our analysis focused on the association between FLI level and the prevalent IHD via the logistic regression analysis. In the multivariate-adjusted model, our results demonstrated a significant and positive association between FLI level and the prevalent IHD. The Model 2 of Table 2 was adjusted for demographic, anthropometric, laboratory, and medical history covariates. Therefore, the association between FLI and prevalent IHD was independent of the conventional cardiovascular risk factors. However, the logistic regression model was conducted under the hypothesis that the association between FLI and prevalent IHD was linear in the whole range of FLI. If the actual relationship is non-linear, the logistic regression results will deviate from the actual relationship, thereby giving us the wrong information. To address this question, we employed a smooth curve fitting (conducted by GAM) and a logarithmic likelihood ratio test in step two of our statistical analysis. The results displayed that the association between normalized FLI level and the prevalent IHD was positively linear in the full range of FLI. Therefore, the ratio of prevalent IHD may increase proportionally with the increment of FLI level in the full range of FLI, and there may be no threshold or saturation effect in their association.

To evaluate whether our main finding was consistent in conventional cardiovascular subgroups, we conducted a subgroup analysis. The results demonstrated no significant interaction between the grouping variates (including age, sex, race, BMI, hypertension, and diabetes) and the association between FLI and IHD. However, we also observed a trend towards a larger effect size (OR value) in female subjects and diabetes patients. The association of FLI and prevalent IHD could be more prominent in female and diabetes populations. And the insignificance of the interaction effect among sex and diabetes subgroups could be due to a lack of statistical power. Therefore, more studies with larger sample sizes are needed to confirm our observation. In general, our main result is still effective in these subpopulations; applying the relationship between FLI and the prevalent IHD in these subpopulations is reasonable, and in female subjects and diabetes patients, the association could be more prominent.

With a clear depiction of the association between FLI and the prevalent IHD, the fourth step of our analysis shifted the focus to the potential value of FLI to improve the detection of prevalent IHD in the general population. We used ROC and reclassification analysis to evaluate the novel index in this step. In ROC analysis, the AUC of FLI alone for recognizing prevalent IHD was limited. Therefore, using FLI alone in clinical practice will achieve a satisfying result. However, when introducing FLI into conventional cardiovascular risk factors, the entire model significantly improved the detecting ability of prevalent IHD. These findings suggest the potential value of FLI to optimize the detection of the prevalent IHD in the general population. Although the ROC analysis is the most popular approach to evaluate the value of a novel marker, we noticed that it concentrated on the integral ability of the entire model to detect prevalent conditions or diseases. Specifically, ROC analysis actually assesses the capability of the entire model (conventional cardiovascular risk factors + FLI) to identify the prevalent IHD rather than investigate the value of FLI itself to optimize the detection of prevalent IHD. ROC analysis could overestimate or underestimate the potential of FLI (19). Therefore, the results merely from ROC analysis could not provide accurate information about whether introducing FLI into conventional cardiovascular risk factors would make the detection of the prevalent IHD more accurate (20). To evaluate the value of FLI at an angle different from ROC analysis, statisticians have put forward the reclassification analysis, including NRI and IDI (21–23). In the present study, after adding FLI into conventional cardiovascular risk factors, both continuous NRI and IDI revealed a significant improvement in detecting the prevalent IHD. Therefore, combining FLI with conventional cardiovascular risk factors will reclassify more subjects into the actual categories (IHD or non-IHD). In general, the results from both ROC and reclassification analysis suggest that applying FLI could help optimize the detection of prevalent IHD in the general population.

Our findings were consistent with the results from two previous articles. Olubamwo et al. recruited 501 subjects without cardiometabolic disease (type 2 diabetes or cardiovascular disease) to assess the association between FLI and the risk of developing cardiometabolic diseases during a mean follow-up of 15 years. Their results demonstrated that persons with significant FLI increase will likely have an increasing cardiometabolic disease risk (24). Kim et al. employed the data from 3011,588 Korean to evaluate the usefulness of FLI in predicting major adverse cardiac events (MACEs, including IHD events) during a median follow-up of 6 years (14). Their results demonstrated a linear association between higher FLI values and higher incidence of the MACEs. Our study showed some differences with their work. Firstly, their studies focused on the value of FLI in predicting the development of cardiometabolic diseases or MACEs, and neither study conducted a specified subgroup regarding IHD. Meanwhile, our work was intended to investigate the potential of FLI to detect the presence of IHD in the general population. Therefore, the findings from our work and their studies supported the usefulness of FLI in different application conditions, our work suggested the value of FLI as a detection marker of IHD, and their studies implicated the value of FLI as a prediction index for the risk of developing cardiometabolic diseases or MACEs. Secondly, Olubamwo et al.'s study did not assess whether the association between FLI and outcomes was linear; Kim et al.'s study only evaluated the linearity by dividing FLI into deciles without any statistical test, which is relatively rough. On the contrary, our study employed a smooth curve fitting analysis and a logarithmic likelihood ratio test to investigate the linearity of the association between FLI and the prevalent IHD. Thirdly, both studies only provided the effect size of the associations between FLI and outcomes, but did not give information about the performance of FLI in ROC analysis. Our current study presented the ROC results and conducted the reclassification analysis to assess the value of FLI to detect prevalent IHD from a different angle from ROC. Lastly, our study population also showed differences from their populations. Different lifestyles, diet habits, geographic and socioeconomic conditions could impact the association between FLI and outcomes.

Although similar, the current study differed from our previously published article (25). The current study discovered that FLI, and the underlying severity of NAFLD, are associated with the prevalent IHD. FLI could improve the detection of IHD in the general population. While in the previous study, we focused on the value of the weight-adjusted waist index in identifying prevalent HF in the general population. The current study focused on IHD, while the previous research focused on HF, the target disease differs between the two studies. As for the additional contribution of the current study, we identified a potential biomarker to improve the detection of IHD, which could improve cardiovascular health in the general population. Furthermore, the previous research focused on the impact of excessive fat accumulation on cardiovascular health, while the current study pays attention to the value of monitoring the severity of NAFLD.

There are multiple mechanisms behind the association between NAFLD and increased risk of IHD (26). Firstly, endothelial dysfunction was observed in NAFLD (27). NAFLD patients exhibit an elevated level of circulating ADMA, which is an endogenous antagonist of nitric oxide synthase and is positively associated with several cardiovascular diseases (28). Besides, other markers of endothelial dysfunction are also increased in NAFLD patients (29, 30). Disruption and dysfunction of the endothelial layer play a role in atherogenesis and subsequent cardiovascular diseases. Secondly, serum homocysteine is reported to be increased in NAFLD (31). Alteration of homocysteine metabolism results in increased burden of oxidative stress, which is generally increased in NAFLD (32). Oxidative stress is essential in cardiovascular pathophysiology (33). Additionally, cytokines released by the diseased liver drain into the systemic circulation, resulting in consequential cardiovascular effects. Systemic inflammation and circulating cytokines, such as interleukin 1, interleukin 6 and tumor necrosis factor α, are associated with cardiovascular diseases (34, 35). Thirdly, the lipid profile is significantly changed in NAFLD. Increased TG and LDL-c levels, decreased HDL-c level, and other changes in lipid components synergistically lead to more atherogenic lipid profiles (36, 37). Lastly, other mechanisms like arterial structural alterations, hepatokines, adipokines, Gut-liver axis, angiogenic factors, and genetic factors also play their roles in the mechanism underlying the association between NAFLD and IHD (26).

It is necessary to mention the limitations when interpreting our results. Firstly, due to the nature of the cross-sectional design of NHANES, our results could only provide a clue for the association between FLI and the prevalent IHD, as well as the potential value of FLI to improve the detection of prevalent IHD in the general population. Secondly, the detection of IHD in our analysis was based on the subjects’ self-report. Therefore, the accuracy of the detection was limited. Nevertheless, the NHANES study was conducted according to standard operating procedures. The result from the questionnaire is still reliable. Thirdly, the findings of the current analysis were based on a general population in America. Therefore, whether these findings possess external applicability to the population with a different lifestyle, diet habit, geographic and socioeconomic conditions remain unclear. Fourthly, Although the P for non-linearity showed insignificance, Figure 1 showed that the risk for prevalent IHD increased more rapidly with the elevation of FLI in the region of normalized FLI > 1 than in the region of normalized FLI < 1. We speculate that this phenomenon could be due to a lack of statistical power in this region. Therefore, more studies with larger sample sizes are needed to confirm this phenomenon. Fifthly, we observed a larger OR for the association between FLI and prevalent IHD in female subjects than in male subjects, and a larger OR for the association in diabetes patients than in non-diabetes subjects. However, due to the limited statistical power, the interaction effects of sex and diabetes did not achieve significance. Therefore, the association between FLI and prevalent IHD could be more prominent in females and diabetes patients, and more studies with larger sample sizes are needed to confirm our observation. Lastly, the same as other observational research, residual confounding caused by some unincluded covariables could lead to bias in our results. For example, as we mentioned before, homocysteine and cytokines like interleukin 1, interleukin 6, and tumor necrosis factor i play their roles in the association between NAFLD and IHD, but these variates were not collected in our current survey. Based on the above points, a long-term and prospective study with a more reliable IHD definition and more detailed information collection is warranted to confirm our findings in the future.
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Background: It remains controversial regarding the association between weight change and cardiovascular disease risk in older adults (aged ≥60 years). This study aimed to evaluate the association between weight change and the predicted 10-year atherosclerotic cardiovascular disease (ASCVD) risks in older adults.

Methods: This study used data from the National Health and Nutrition Examination Survey (NHANES). Older adults aged 60–79 years who were free of self-reported ASCVD at the time of the NHANES interview were included. Data were collected from January 1999 to December 2018 and analyzed in March 2022. We focused on the associations between weight change and the 10-year ASCVD risks with the percentage change in weight during short-term (1 year) and long-term (10 years), which categorized as moderate to high weight loss (≥10%), small weight loss (5.1–9.9%), stable weight (±5%), small weight gain (5.1–9.9%), and moderate to high weight gain (≥10%).

Results: The number of participants was 1,867 (mean age 67.49 years; 42.10% female) for the long-term interval (10 years) in our analysis, and 1894 for the short-term interval (1 years). We only observed an inverse association between long-term weight loss and the 10-year ASCVD risk in fully adjusted model (loss ≥ 10%: β = 2.52, 95%CI = 0.98, 4.05; loss 5.1% ~ 9.9%: β = 2.99, 95% CI = 1.30, 4.68), but all intervals of weight gain ≥5% were not significant associated with higher risk than stable weight. However, in the subgroup analyses, the association between long-term weight loss and the 10-year ASCVD risk was not significant in old-old (aged 75–79), obesity (BMI ≥ 35 kg/m2), intentional weight loss, moderate physical activity and diabetics.

Conclusion: Older adults (aged 60–79 years) with weight loss >5% over the past 10 years have excess predicted 10-year ASCVD risk. Our study supports the benefits of stable weight in promoting cardiovascular health in older adults.

KEYWORDS
 weight change, cardiovascular disease, NHANES, 10-year ASCVD risk, older adults


1. Introduction

The increasing incidence of overweight and obesity among the aging population is a growing public health problem worldwide (1). Between 2007 and 2016, the proportion of obesity increased from 35.1 to 41.0% in older Americans, giving rise to a significant future burden on the U.S. healthcare systems (2). Substantial epidemiologic evidence indicates that excess body weight is associated with a higher risk of mortality, primarily due to atherosclerotic cardiovascular disease (ASCVD) (3, 4). It is not unexpected since obesity is clearly associated with most of the classical cardiovascular risk factors like hypertension, hyperlipidemia, and diabetes (5). However, whether losing weight could have a favor effect on decreasing cardiovascular events risk in older adults remains controversial.

Previous studies on the association between weight loss and long-term cardiovascular outcomes in older adults are limited. Although several studies have indicated that weight loss improved physical function and reduced frailty in obese older adults (6, 7). Increasing evidence suggested that weight loss was not uniformly associated with improved long-term survival (8). A meta-analysis reported that weight loss and weight gain were associated with a 59 and 10% increased risk of mortality respectively, suggesting an obesity paradox in older adults (9). In addition, the effect of weight loss among cardiovascular disease patients is also controversial (10). A meta-analysis of 35,335 patients (mean age 64 years) showed that, overall, weight loss was associated with a higher risk of cardiovascular events, but intentional weight loss was associated with improved outcomes (11). However, it remains unknown whether weight loss is associated with an increased risk of ASCVD events among older adults who are free of a prior heart attack or stroke. It is imperative to understand the health impact of long-term weight change on ASCVD risk in the general older population.

Therefore, the primary goal of this study was to examine the association between weight change and the 10-year predicted ASCVD risk in older U.S. adults (aged ≥60 years) using data from the 1999–2018 National Health and Nutrition Examination Survey (NHANES).



2. Methods


2.1. Database and study subjects

In this study, the data were obtained from the NHANES (1999–2018). This is an ongoing cross-sectional survey conducted by the National Center for Health Statistics (NCHS), designed to be representative of the U.S. non-institutionalized, civilian population. During a home interview, data are collected on demographic, socioeconomic, and health-related topics (including weight history). A separate examination collects standardized physical assessments and laboratory measurements. The survey obtained written informed consents from all participants prior to data collection. Methodological details about the NHANES are available at: www.cdc.gov/nchs/nhanes/.

Older adults were defined as those of age 60 years and over (12). To estimate the 10-year ASCVD risk, the analytic sample was limited to 2,429 participants aged 60–79 years who were free of self-reported ASCVD at the beginning of the survey and met with high-density lipoprotein cholesterol (HDL-C) 20–100 mg/dL, total cholesterol (TC) 130–320 mg/dL, diastolic BP 30–140 mmHg and systolic BP 90–200 mmHg. After the exclusion of the participants with missing data on 10-year weight change (n = 96), 1-year weight change (n = 64) and BMI (n = 11), and those with a previous cancer diagnosis (n = 455), the number of participants included in the analysis was 1,867 for the long-term interval (10 years) and 1,894 for the short-term interval (1 years) (Figure 1).

[image: Figure 1]

FIGURE 1
 Flowchart of the study population.




2.2. Assessment of the predicted 10-year ASCVD risk

The primary outcome of this study was the 10-year ASCVD risk, defined as a first non-fatal myocardial infarction (MI), coronary heart disease (CHD) death, or fatal or non-fatal stroke over a 10-year period (13). According to the new pooled cohort equations (PCEs) introduced by the American College of Cardiology (ACC) and the American Heart Association (AHA) in 2013, the predictors used in estimating the 10-year risk of a first ASCVD event included age, sex, race, TC, HDL-C, treatment for hypertension, diabetes and current smoking status (13).

Data on age, sex, and race/ethnicity was obtained from the demographic questionnaire. The amount of TC (mg/dL) and HDL (mg/dL) was obtained from the laboratory file. Blood pressure was each calculated as the average of three readings. Participants self-reported currently smoking (yes, no), taking any blood pressure medications (yes, no), and had ever been told they had diabetes by a medical doctor (yes, no). Histories of diseases including CHD, MI, stroke, diabetes and cancer were ascertained through the question “Has a doctor or other health professional told you that you had diseases?”



2.3. Assessment of weight change

We used long-term (10 years) and short-term (1 year) weight change indicators according to the interval over which the change was assessed. The percentage change in weight was calculated from the difference between the present weight and the past weight, the specific formula was shown as followed:

[image: image]

where W refers to the present weight and W0 refers to their previous weight. All participants were asked to recall the weight 10 years ago or 1 year ago, and measured current weight in the NHANES examination. We classified the weight change into five categories: moderate-to-large weight loss (≥ 10%), small weight loss (5.1–9.9%), stable weight (± 5%), small weight gain (5.1–9.9%), and moderate-to-large weight gain (≥ 10%).



2.4. Assessment of covariates

The following covariates were included: age, sex, race, Body Mass Index (BMI), marital status, educational level, family income-to-poverty ratio, and physical activity. Marital status was categorized as married/partnered (married and living as married) and single/no partner (widowed, divorced, separated and never married). Educational level was classified as lower category (less than high school), intermediate category (high school graduate/GED, some college or AA degree) and higher category (college graduate or above). Physical activity was defined as sports, fitness and recreational activities, excluding work and transport activities. Physical activity was categorized as vigorous activity (cause large increases in breathing or heart rate), moderate activities (cause a small increase in breathing or heart rate) and none.



2.5. Statistical analysis

Categorical variables were expressed as frequency, and continuous variables were expressed as means ± standard deviations. Demographic and clinical data between the weight change groups were compared using the Kruskal-Wallis test and Fisher’s exact test. Multiple linear regression analyses were used to estimate the independent relationship between weight change and the predicted 10-year risk of ASCVD events. When calculating the relative ASCVD risk of each weight change category, we used the “stable weight” category as the reference. In addition to the relative 10-year ASCVD risk of each weight change category, we fit a smoothing spline curve to examine the non-linearity of weight change and the 10-year ASCVD risks. Moreover, we performed stratified analyses by age, sex, race/ethnicity, current BMI, intention to lose weight, physical activity, treatment for hypertension, diabetes and current smoking status.

Three models were constructed: Model 1 was adjusted for none; Model 2 was adjusted for sex, age, and race/ethnicity; Model 3 was adjusted for sex, age, race/ethnicity, body mass index, income-poverty ratio, physical activity, education level, and marital status. In the subgroup analysis, the model is not adjusted for the stratification variable itself.

We used multiple imputations, based on 5 replications and a chained equation approach method in the RMI procedure, to account for missing data. All statistical analyses were performed by using R version 3.4.3 (The R Foundation)1 and EmpowerStats software (X&Y solutions, Inc., Boston, MA)2 and Graphpad Prisma 8.3.0, with statistically significant set at p < 0.05.




3. Results


3.1. Characteristics

The description of sociodemographic and medical characteristics of the participants with long-term (10 years) weight change was presented in Table 1. A total of 1,867 older adults aged 60–79 years were enrolled in our analysis. Of all these participants, the mean age was 67.47 years (SD = 5.35), and 42.10% were female. For all participants, the mean predicted 10-year ASCVD risk was 23.21 (SD = 13.15). The mean BMI was 30.23 kg/m2 (SD = 6.21). The distribution of 10-year weight change was 27.05% for weight stable (± 5.0%), 13.87% for moderate-to-large weight loss (> − 10%), 10.18% for small weight loss (−5.1 to −9.9%), 13.93% for small weight gain (5.1~9.9%) and 34.98% for moderate-to-large weight gain (>10%). Among different groups of weight change, age, sex, race/ethnicity, BMI, income-poverty ratio, educational level, marital status, physical activity, smoker, diabetes, DBP, TC, and HDL were all significantly different (p < 0.05). Overall, older adults who had weight loss were more likely to be a racial/ethnic minority, single/no partner, and had lower income-to-poverty ratios and educational attainment, when compared to those with a stable weight. The descriptive statistics for the participants with short-term (1 year) weight change are shown in Supplementary material 1.



TABLE 1 Characteristics of study participants according to 10-year weight change patterns in National Health and Nutrition Examination survey, 1999–2018.
[image: Table1]



3.2. 10-year weight change and the predicted risk of ASCVD events

Results of multiple linear regression analyses of 10-year weight change and the 10-year risk of ASCVD events were displayed in Figure 2. Non-adjusted was displayed in Model 1 (Figure 2A), adjusted for age, sex, and race/ethnicity was displayed in Model 2 (Figure 2B), and adjusted for Model 2 plus BMI, income-poverty ratio, physical activity, education level, and marital status was displayed in Model 3 (Figure 2C). We observed a significant inverse association between weight change and the 10-year ASCVD risk.

[image: Figure 2]

FIGURE 2
 Association between 10-year weight change and the 10-year ASCVD risk. (A) Model 1, no covariates were adjusted. (B) Model 2, age, sex, and race/ethnicity were adjusted. (C) Model 3, age, sex, race/ethnicity, body mass index, income-poverty ratio, physical activity, education level, and marital status were adjusted. ASCVD, atherosclerotic cardiovascular disease; CI, confidence interval.


Similar results were found when weight change was divided into five categories. Compared to weight stable (± 5.0%), both moderate-to-large (≥ 10%) and small (−5.1% ~ −9.9%) weight loss was associated with a higher risk in Model 1 and Model 2. In fully adjusted model (Model 3), the significant association remained unchanged (loss≥10%: β = 2.52, 95%CI = 0.98, 4.05; loss 5.1% ~ 9.9%: β = 2.99, 95% CI = 1.30, 4.68). While neither Model 2 nor Model 3 found no significant association between the weight gain categories and the 10-year ASCVD risk, weight gain ≥10% was associated with lower risk in non-adjusted model (β = −2.10, 95% CI = −3.60, −0.59).

To check the dose–response relationship between continuous 10-year weight change (−9.9 to 9.9%) and the predicted 10-year risk of ASCVD events, we plotted the spline curves, as seen in Figure 3. This result confirmed the dose–response relationship was most pronounced in the link between weight loss and the 10-year ASCVD risk: greater weight loss was associated with higher 10-year ASCVD risk.

[image: Figure 3]

FIGURE 3
 Correlation between 10-year weight change (−9.9 to 9.9%) and the 10-year ASCVD risk. Solid red line represents the smooth curve fit between variables. The area between two blue lined is expressed as a 95% CI. Age, sex, race/ethnicity, body mass index, income poverty ratio, physical activity, education level, and marital status were adjusted. ASCVD, atherosclerotic cardiovascular disease.


However, this was not the case for short-term weight change. Each category had no significant association with 10-year ASCVD risk, as seen in Supplementary material 2.

Table 2 presents the results stratified according to age, sex, race/ethnicity, BMI, physical activity, Intention to lose weight, treatment for hypertension, diabetes, and current smoking status. Compared to people with stable weight, it can be observed that people who lose weight may associate with a higher 10-year risk, no matter with ages (except for people aged ≥75 years) and sexes in Model 3. However, in the subgroup analyses, the association between weight loss and the 10-year ASCVD risk was non-significant in older adults who were obese (≥ 35 kg/m2), had intentional weight loss, and had moderate physical activity. In addition, moderate physical activity significantly decreases the 10-year ASCVD risk in older adults with moderate-to-large weight gain (β = −2.70, 95% CI = −4.97, −0.43). We also found that for diabetics, long-term weight change showed no significant association with the 10-year ASCVD risk. Subgroup analyses of short-term weight change and the 10-year ASCVD risk are presented in Supplementary material 3.



TABLE 2 Stratified analyses of the association between 10-year weight change and the 10-year ASCVD risk.
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4. Discussion

The present study used a nationally representative sample of community-dwelling adults aged 60–79 years and assessed the risk of a first hard ASCVD event in the next 10 years according to the 2013 ACC/AHA equation. In this study, we found an inverse association between weight loss ≥5% and the predicted 10-year ASCVD risk in older adults, and no protective effect of weight gain.

Our results are generally in accordance with previous studies on the relationship between weight loss and cardiovascular and all-cause mortality in older adults. In a longitudinal observational cohort study conducted in the U.S. communities, weight loss of 5% or more in 3 years was associated with an increased risk of mortality in older adults (8). Likewise, community-dwelling older Japanese people with weight loss ≥5% in all terms was associated with a higher risk of all-cause mortality, not only in short-term (3 years), but also in medium-term (6–7 years) and long-term (12–13 years) (14). Moreover, a Tehran study of participants with type 2 diabetes aged ≥60 years without a history of cardiovascular disease and cancer at baseline has suggested that 3-year weight loss >5% was associated with an increased risk (marginally significant) of incident cardiovascular disease during more than 14 years of follow-up (15).

However, some previous studies reported conflicting results. For example, in a 12-month randomized controlled trial (RCT) of 164 obese older adults aged ≥65 years, there was a positive significant association between weight loss by exercise plus moderate caloric restriction and cardiometabolic risk (16). In addition, another RCT comprising 585 obese participants aged 60–80 years with hypertension found a favorable association between intentional weight loss (mean 4.4 kg) and reductions in the need for antihypertensive medication (17). This study also reported weight loss was not significantly associated with increased cardiovascular disease events during the first 2 years of follow-up (17), nor was all-cause mortality during over 12 years of follow-up (18).

In addition to the weight change calculated in different time intervals, the discrepancy between our study and previous ones may partly be related to current BMI and intention to lose weight. Indeed, our study indicated that the association between weight loss and the predicted 10-year risk was not significant in obesity (≥ 5 kg/m2) and intentional weight loss. This may be due to the fact that unintentional weight loss in older adults is usually reflect disease severity (e.g., in patients with advanced heart disease, lung disease or malignant disease) or underlying disease, and is particularly relevant to worsened outcomes (19). Cancer or malignancy, which is characterized by substantial weight loss during 1 year or less, accounts for 16–36% of organic causes of unintentional weight loss in older adults (20). However, our study showed that, an increased risk of a first ASCVD event was associated with weight loss within 10 years rather than 1 year. In addition, another possibility for discrepancy is the difference in the level of physical activity. The loss of muscle mass (21) and bone strength (22) that occurs with age, which contributes to disability and frailty in older adults (23, 24). Physical activity alone, without diet control, is not typically associated with significant weight loss and it can maintain lean body mass and muscle strength, improve cardiometabolic risk factors and physical function in older adults (7, 25, 26). However, because of the opposite effect observed in our study between vigorous and moderate intensity activity, further research is needed to clarify this issue.

A major strength of our study is the use of a nationally representative sample that represents the general U.S. adult population. Furthermore, with the comprehensive data collected in NHANES, a wide range of potential confounders including demographic, socioeconomic and lifestyle were able to be controlled.

As for the limitations. First, we used self-reported weight for the analysis, instead of measured weight, which may lead to the misclassification of weight change status. Secondly, we did not consider the fluctuation of body weight during the 10-year intervals. Third, weight lacks discriminatory power to differentiate between body fat and lean mass. Therefore, future research should investigate the same question using indicators of body composition to more fully understand the mechanisms linking weight changes to ASCVD risk to mortality risk. Fourthly, we failed to consider specific modalities of losing weight, such as intermittent fasting, low-calorie diets, more exercise or bariatric surgery, which might cause bias. Finally, this study was cross-sectional research, and it cannot demonstrate the causation but only the association. Further and prospective studies should be completed in the future.



5. Conclusion

In this study of U.S. adults 60–79 years of age, we found that weight loss >5% over 10 years was significantly associated with an increased the predicted 10-year ASCVD risk. Our study supports the benefits of stable weight in promoting cardiovascular health in older adults. However, further prospective studies are required to elucidate the effect of weight management in later life on decreasing ASCVD risk.
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Objective: This study identified the independent risk factors for hypertension in overweight and obese people and also analyzed the interaction between the risk factors.



Methods: A total of 5,098 overweight and obese people were enrolled in this study. First, the clinical metabolic characteristics of hypertension and control groups were compared. The logistic regression (LR) and classification and regression trees (CRT)-based decision tree (DT) models were used to screen the independent risk factors for hypertension in overweight and obese people. The multiplicative and additive scale analyses were used to analyze the two risk factors with interaction from the perspective of statistics and biological interaction. Finally, the receiver operating characteristic (ROC) and calibration curves were used to analyze the accuracy and identification ability of the LR and DT models.



Results: Age, UA, FPG, SBP, Cr, AST, TG, and FPG were higher in the hypertension group than in the control group (P < 0.05). The results of LR revealed that NAFLD, FPG, age, TG, LDL-c, UA, and Cr were positively correlated with hypertension in overweight and obese people, and GFR was negatively correlated with hypertension in overweight and obese people (P < 0.05). The DT model suggested that the risk factors of age, FPG, and UA interacted with each other. The multiplicative single and multiple factor analysis for FPG + UA, age + UA, age + FPG revealed a positive multiplicative interaction (P < 0.05, B ≠ 0, OR > 1). The additive single and multiple factor analysis for age + UA indicated a positive additive interaction. The ROC and calibration curve analysis indicated that the CRT decision tree, FPG + UA, age + UA, and age + FPG have certain accuracy and discrimination ability.



Conclusion: The independent risk factors for hypertension in overweight and obese people included NAFLD, FPG, age, TG, LDL-c, UA, and Cr. Among these, age + UA exhibited synergistic interaction, thereby providing a reference for the prevention and control of hypertension in overweight and obese people.
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Introduction

Hypertension is a common chronic disease worldwide that often leads to cardiovascular and brain complications. According to the Chinese guidelines for the prevention and treatment of hypertension (1), the number of patients with hypertension is increasing every year in China. The 2020 International Society of Hypertension guidelines (2) also mentioned that in spite of the measures adopted, the adverse effects of hypertension and cardiovascular disease persist in the world. Overweight and obesity are risk factors for hypertension (3), and a gradual increase in body mass index (BMI) is observed in such individuals. The risk of hypertension in overweight and obese people is 1.16–1.28 times higher than that of normal-weight people (4). Relevant studies have shown (5) that the risk of hypertension in overweight people is 3–4 times higher than that in normal-weight people, indicating that overweight and obese people are prone to hypertension.

According to research by Zhang et al. (6), the prevalence of obesity-related hypertension among Chinese adults aged 45 and above is 22.7%, affecting approximately 120 million people. Among individuals aged 45–54, 55–64, 65–74, and ≥75 years, the prevalence rates of obesity-related hypertension are 16.7%, 24.3%, 27%, and 26.7%, respectively. The obesity prevalence rates in these age groups are also 16.7%, 24.3%, 27%, and 26.7%, respectively. In comparison, for other populations such as the United States, the prevalence of obesity and hypertension is even more pronounced. The proportion of overweight or obese adults in the U.S. population is as high as 70.7%, with a hypertension prevalence rate of 1.21% among adults residing in medium to small metropolitan statistical areas (MSAs), and a prevalence rate of 1.06% for adults residing in non-MSAs. Furthermore, at least 75% of hypertension incidence is directly linked to obesity (7–9). Previous studies have focused on all aspects of hypertension in the general population. However, the metabolic characteristics of overweight and obese people differ from those of the general population. Therefore, the independent risk factors for hypertension and their interactions with each other will differ among such populations. This study screened the independent risk factors for hypertension in overweight and obese people and explored the influence of risk factor interaction on hypertension to provide a reference for the prevention and treatment of hypertension from the perspective of etiology.



Methods


Study participants

In this cross-sectional study, patients who were evaluated at the physical examination department of the Affiliated Hospital of Guilin Medical University from August 2019 to November 2019 were selected. The patients signed an informed consent form, and the study was approved by the ethics committee of Guilin Medical University (approval number: GLMU1A2019064). Inclusion criteria for study participants: BMI ≥ 24 kg/m2; individuals willing to voluntarily participate in the study. Patients aged <18 years, pregnant women, and those with major diseases, such as malignant tumors, were excluded. A total of 5,098 patients with complete data were included in the study. The hospital had 84,000 discharges that year, and the sample size for this study is 5,098, accounting for 6.07% of the total. The age of the patients ranged from 18 to 85 years, with the average age being 44.92 ± 11.75 years. Of them, 3,609 were men aged 43.83 ± 11.72 years on average, accounting for 70.8% of the patients; moreover, 1,489 were women aged 47.54 ± 11.41 years on average, accounting for 29.2% of the patients. A total of 1,277 patients aged 50.55 ± 11.19 years on average were overweight and obese with hypertension; of these, 909 were men (71.1%), and 368 were women (28.9%). Moreover, 3,821 patients aged 43.03 ± 11.33 years on average were overweight and obese but without hypertension; of these, 2,700 were men (70.7%), and 1,121 were women (29.3%).



Data collection

This study is conducted by professional in-service medical examination physicians who have undergone standardized training in the physical examination center for testing and data collection. During the physical examination of the patients, trained physicians evaluated their characteristics, including age, nationality and marital status, disease history, hypertension, nonalcoholic fatty liver disease (NAFLD), malignant tumor, severe liver and kidney function injury, relevant medication history, personal history, and family history.



Physical measurement and measurement methods

The physical examination physicians used a SK-CK ultrasonic examination instrument (Shenzhen, China) to measure the height and weight of the patients. The height measurement was accurate to 0.1 cm, whereas the weight measurement was accurate to 0.1 kg. BMI was calculated using the following formula: BMI = weight (kg)/height (m2). The patients were instructed to rest quietly for 5–10 min and to adopt a sitting position. Subsequently, the blood pressure of the right upper arm was measured with an accuracy of 1 mmHg (1 mmHg = 0.133 kPa).



Laboratory inspection and measurement methods

All the patients were instructed to have a light diet the day before the examination, and elbow venous blood (5 ml) was collected on an empty stomach on the morning of the examination day. The Roche's CobasC501 fully automatic biochemical analyzer (Roche Pharmaceutical Co. Ltd. matching reagent) was used to detect the biochemical indexes of fasting blood glucose (FPG), uric acid (UA), triglyceride (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-c), creatinine (Cr), blood urea nitrogen (BUN), alanine aminotransferase (ALT), and aspartate aminotransferase (AST). Glomerular filtration rate (GFR) was calculated, and biochemical indicators are accurate to 2 decimal places. This study used the simplified Modification of Diet in Renal Disease (MDRD) formula that was improved by the Chinese: GFR (ml/[min × 1.73 m2]) = 186 × (Cr [mg/dl])−1.154 × (age)−0.203 × (0.742 women). The diagnosis of NAFLD was confirmed by an ultrasound specialist used the Hitachi ARIETTA 70 high-end ultrasound.



Diagnostic criteria

The following diagnostic criteria of hypertension were defined in accordance with the global hypertension practice guide of the 2020 International Society of Hypertension (2): systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg. The patients who had a previous diagnosis of hypertension and were taking medicines were also considered to have hypertension, although their blood pressure was normal. The following diagnostic criteria of dyslipidemia were defined in accordance with the 2018 criteria of the American Association of Clinical Endocrinologists and American College of Endocrinology (AACE/ACE) for managing dyslipidemia (10): TC ≥ 6.2 mmol/L; TG ≥ 2.3 mmol/L; LDL-c ≥ 4.1 mmol/L; or HDL-c < 1.0 mmol/L. According to the diabetes prevention guideline (version 2, 2020 edition) in China (11), the diagnostic standard of diabetes is FPG ≥7.0 mmol/L. The diagnostic standard of abnormal glucose tolerance was 6.1 mmol/L ≤ FPG < 7.0 mmol/L. Both diabetes and glucose intolerance disorders were diagnosed on the basis of an FPG value of >6.1 mmol/L. According to the guidelines for the diagnosis and treatment of NAFLD (2018 update) (12), the working definition of the disease is as follows: the results of imaging examinations, such as color Doppler ultrasound and CT, are similar to alcoholic liver disease; however, the patient does not have excessive drinking history. According to the 2019 guidelines for primary diagnosis and treatment of obesity (13), patients with BMI ≥ 24 kg/m2 are considered overweight and obese. According to the 2019 guidelines for the diagnosis and treatment of hyperuricemia and gout in China (14), hyperuricemia is defined as uric acid >420 µmol/L (both men and women). Fasting blood BUN ≥ 7.1 mmol/L was considered high BUN, while the fasting blood Cr level ≥110 µmol/L in men and ≥93 µmol/L in women was defined as hypercreatinine. Fasting blood ALT ≥ 40 U/L and fasting blood AST ≥ 40 U/L were considered high.



Statistical analysis

MedCalc19.0.4, SPSS 26.0, and Rx64 4.0.3 were used for statistical analysis. First, clinical data on relevant risk factors were analyzed in hypertension and control (nonhypertension) groups, and the logistic regression (LR) and classification and regression trees (CRT) models of hypertension in overweight and obese people were established. The relevant independent influencing factors and those with interaction were screened, and the influencing factors with interaction were substituted into the product term of LR for the single factor and multiple factors multiplicative interaction test. For an assumption of 0.05 as the test level, the product term coefficient B of the LR model ≠ 0 [or the confidence interval of the odds ratio (OR) value does not include 1] and P < 0.05 indicated a multiplicative interaction between the two factors. OR > 1 indicated positive multiplicative interaction, whereas OR < 1 indicated negative multiplicative interaction. The receiver operating characteristic (ROC) and calibration curves of LR factors and CRT decision tree were used to analyze the accuracy and discrimination ability. The ggthemes program package was used for the visual analysis of additive interaction between relevant influencing factors. Three indicators, namely RERI, AP, and SI, were used to evaluate the meaningfulness of the additive interaction. No additive interaction between two factors was indicated by the confidence interval of 0 for RERI and AP and the confidence interval of 1 for SI. Contrasting results indicated an additive interaction.




Results


Clinical data analysis of hypertension and control groups

The overweight and obese patients with hypertension were defined as the hypertension group, and the overweight and obese patients without hypertension were defined as the control group. The analysis of clinical data revealed that age, UA, FPG, SBP, Cr, AST, TG, and FPG in the hypertension group were higher than those in the control group (P < 0.05; Figure 1).


[image: Figure 1]
FIGURE 1
Comparison of influencing factors for hypertension in overweight and obese people between hypertension and control groups.




Logistic regression model construction

The risk factors were converted from continuous to classified variables. The risk factors were divided into two groups on the basis of their critical value. The value above the critical value was assigned as 1, and the value below the critical value was assigned as 0. The age boundary value was determined on the basis of the average age of overweight and obese patients with hypertension and without hypertension; 46 years was considered the average age, and the value ≥46 years was assigned as 1, whereas the value <46 years was assigned as 0 (Table 1).


TABLE 1 Main variables and assignment of influencing factors for hypertension in overweight and obese people.

[image: Table 1]

Overweight and obese patients with hypertension were assigned as 1, and overweight and obese patients without hypertension were assigned as 0. A univariate LR model was constructed by considering the presence or absence of hypertension as the dependent variable, and sex, age, NAFLD, UA, FPG, GFR, TG, TC, LDL-c, HDL-c, Cr, BUN, ALT, and AST as the independent variables. The results revealed that NAFLD, FPG, age, TG, TC, LDL-c, UA, and Cr were positively correlated with hypertension in overweight and obese patients, and GFR was negatively correlated with hypertension in overweight and obese patients (P < 0.05). The significant factors in the univariate logistic analysis were used to perform the multivariate LR analysis. The results revealed that NAFLD, FPG, age, TG, LDL-c, UA, and Cr were negatively correlated with hypertension in overweight and obese patients, and GFR was positively correlated with hypertension in overweight and obese patients (P < 0.05).



Decision tree model construction

Hypertension was considered the dependent variable, and the screening of NAFLD, FPG, Age, TG, LDL-c, UA, Cr, and GFR as independent variables was performed by the LR model. The classification and regression trees (CRT) method was used to establish the decision tree (DT) model. The DT was set to three layers, and the tree was pruned to avoid overfitting. The results revealed that age, FPG, UA, TG, and LDL-c were the risk factors for hypertension in overweight and obese patients. The results suggested a possible interaction between age, FPG, and UA (Figure 2).


[image: Figure 2]
FIGURE 2
Decision tree model of influencing factors for hypertension in overweight and obese people.




Multiplicative interaction analysis

The LR product term was used to analyze the multiplicative interaction of age, FPG, and UA screened by the DT model. The multivariate analysis included NAFLD, FPG, age, TG, LDL-c, UA, Cr, GFR, and other influencing factors screened by the LR model as confounding factors. The results indicated that FPG + UA, age + UA, and age + FPG had positive multiplicative interaction (P < 0.05, B ≠ 0, and OR > 1; Table 2).


TABLE 2 Single and multiple factor multiplicative interaction analysis of risk factors for hypertension in overweight and obese people.
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Model validation analysis

The ROC and calibration curves of the patients were constructed using the predictive variables obtained by the CRT DT and LR multivariate analysis of FPG + UA, age + UA, and age + FPG as variables, and the presence or absence of hypertension in overweight and obese patients as categorical variables. The results indicated the accuracy and discrimination ability of the CRT DT, FPG + UA, age + UA, and age + FPG models (Figures 3, 4).


[image: Figure 3]
FIGURE 3
Logistic regression and classification tree ROC curve of hypertension in overweight and obese people.



[image: Figure 4]
FIGURE 4
Logistic regression and classification tree calibration curve of hypertension in overweight and obese people (FPG + UA, Age + UA, Age + FPG, and CRT).




Additive interaction analysis

The R was used to visually analyze the additive effect of single and multiple factors for FPG + UA, age + UA, and age + FPG. The multivariate analysis included NAFLD, FPG, age, TG, LDL-c, UA, Cr, GFR, and other influencing factors screened by the LR model as confounding factors. The results indicated that age + UA univariate and multivariate analyses (the confidence interval of RERI and AP does not include 0, and the confidence interval of SI does not include 1) and FPG + UA univariate analysis exhibited additive interaction; however, FPG + UA multivariate analysis and age + FPG univariate and multivariate analyses did not exhibit additive interaction (Tables 3, 4; Figures 5, 6).


TABLE 3 Evaluation indexes of additive interaction of risk factors for hypertension in overweight and obese people.
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TABLE 4 Single and multiple factor additive interaction analysis of risk factors for hypertension in overweight and obese people.
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FIGURE 5
Visual analysis of single factor additive interaction of risk factors for hypertension in overweight and obese people.



[image: Figure 6]
FIGURE 6
Visual analysis of multivariate additive interaction of risk factors for hypertension in overweight and obese people.





Discussion

As the population of individuals with hypertension related to overweight and obesity continues to grow (6), corresponding research has also been increasing. This study aims to investigate the factors influencing hypertension in overweight and obese people and further explore the depth of their interactions using multiplicative and additive models. The goal is to provide valuable insights for clinical research. First, the clinical metabolic characteristics of hypertension and control groups were compared. The results indicated that age, UA, FPG, SBP, Cr, AST, TG, and FPG of the hypertension group were higher than those of the control group. Second, the relevant risk factors for hypertension in overweight and obese people were screened. This study referred to the relevant program statements prepared by Xu et al. (15) and used dichotomous variables to explore the independent effects of risk factors and analyze the interaction. An LR model of hypertension in overweight and obese people was constructed, and a single factor and multiple factor analysis were performed to screen the independent influencing factors. The results indicated that NAFLD, FPG, age, TG, LDL-c, UA, and Cr were positively correlated with hypertension in overweight and obese patients, and GFR was negatively correlated with hypertension in overweight and obese patients. The DT analysis was performed using the CRT method, and the results revealed that the risk factors for hypertension in overweight and obese patients included age, FPG, UA, TG, and LDL-c; these results are similar to those of previous studies (16, 17). The CRT DT model also suggested that the prevalence rate of hypertension in overweight and obese patients aged ≥46 years and with FPG ≥ 6.1 mmol/L was 47.1%. However, the prevalence rate of hypertension in overweight and obese patients aged ≥46 years, with FPG ≥ 6.1 mmol/L, and with UA ≥ 420 µmol/L increased to 56.5%, suggesting that the interaction effect of age, FPG, and UA plays a crucial role in the prevalence of hypertension in overweight and obese people.

Interaction in the multivariate statistical analysis means that the effect of a certain factor varies with the level of other factors. When two factors coexist, the effect is not equal to the sum (additive interaction) or the product (multiplicative interaction) of the two factors acting alone. In this study, the multiplicative interaction was analyzed by constructing the LR product term by performing the single and multiple factor analysis of the relevant influencing factors. The multiple factor analysis included all the influencing factors for hypertension in overweight and obese people that were screened by the LR model as confounding factors. The results suggested that FPG + UA, age + UA, age + FPG, and other combinations have positive multiplicative interaction in the univariate and multivariate analyses (P < 0.05, B ≠ 0, OR > 1). Compared with the independent existence of related factors, the combined existence will increase the prevalence rate of hypertension by 2–3 times.

Biological interaction is the combined effects, including synergism and antagonism, of two factors on biological mechanisms. Rothman (18) proposed that the evaluation of biological interaction should be based on the additive scale. In this study, we conducted a quantitative and visual analysis of the additive interaction between hypertension risk factors in overweight and obese people. The results indicated that the univariate and multivariate analyses of age + UA had additive interaction (the confidence interval of RERI and AP did not include 0, and the confidence interval of SI did not include 1). The quantitative analysis suggested that the prevalence of hypertension in overweight and obese patients increased 4 or 5 times when the two factors were combined.

The verification of the accuracy and discrimination ability of the LR and CRT DT models indicated that the four models, FPG + UA, age + UA, age + FPG, and CRT, have obvious discrimination ability (P > 0.05), and the ROC curve indicated that the four models have certain accuracy.

This study suggested that age is a crucial independent risk factor for hypertension in overweight and obese people. This finding is similar to those of previous studies. For example, Batte (19) and others suggested that overweight, obesity, and age >40 years are statistically significant predictors of hypertension. Ahammed (20) and others also reported that age has a significant impact on hypertension. The International Society of Hypertension 2020 guidelines (2) proposed that age >40 years can predict hypertension. Therefore, age is an independent risk factor for hypertension in overweight and obese people and may be related to impaired vascular endothelial function, oxidative stress, nitric oxide deficiency, and arterial remodeling (21, 22).

This study also suggested that hyperglycemia is a crucial risk factor for hypertension which is in agreement with the results of several studies. Insulin resistance (23) and chronic low-grade inflammation that may be partially mediated by insulin resistance (24) are the risk factors for hypertension in overweight and obese people. Hyperuricemia, as suggested by this study, is another important independent risk factor for hypertension in overweight and obese people (25), although the association mechanism between them remains unclear. Studies have demonstrated (26) that every 1% increase in serum UA level increases the risk of hypertension by 13%. Hyperuricemia, as an independent risk factor for hypertension in overweight and obese people, may be closely related to chronic kidney injury (27).

Big data statistical studies on hypertension in the Chinese population, such as the discussion on the prediction model and independent risk factors for hypertension in Central China by Ren et al. (28), Chen (29) and others, analyzed the population in northern China and constructed the corresponding prediction model of hypertension. These studies explored the independent risk factors but did not focus on the prevalence of hypertension in overweight and obese people and the interaction between relevant risk factors. Therefore, this study conducted multiplicative and additive interaction analyses of relevant risk factors. Both multiplicative and additive interactions were significant for patients aged ≥46 years with UA ≥ 420 µmol/L; the synergistic effect of the combination of the two risk factors has an important impact on the prevalence of hypertension in overweight and obese people. However, Kim (30) reported that the relationship between UA and hypertension often depends on age and sex. Therefore, for people aged above 46 years, it is crucial to control the level of UA for the prevention of hypertension.


Limitations

This study has limitations. Firstly, the study is a single-center research conducted on a specific group of individuals undergoing health check-ups at our institution. The sample size is not extensive, and due to the nature of health check-up participants, detailed inquiries about general aspects like sleep, diet, and mental well-being, akin to what would be done with hospitalized patients, were not included. As a result, lifestyle factors such as sleep patterns, dietary habits, and calorie intake were not considered in the study. Moreover, the study's focus on health check-up participants precluded the ability to precisely determine the duration of hypertension, overweight, and obesity. The timeframe during which these health issues were present and their duration could not be established, which is also a limitation of this research. Finally, the study is confined to a single center, lacking validation of the research findings and based solely on health check-up data from a specific region, potentially limiting its applicability to a broader population.

Future research should encompass multi-center collaborations to gather more diverse samples. Additionally, incorporating detailed inquiries about medical history and lifestyle factors, including sleep, diet, and calorie intake, alongside the examination variables like systolic and diastolic blood pressure, cholesterol, and triglycerides, would enhance the research's depth. Furthermore, validation measures are necessary to augment the study's credibility.




Conclusions

Independent risk factors for hypertension in overweight and obese people included NAFLD, FPG, age, TG, LDL-c, UA, and Cr. Among these, age + UA has a synergistic interaction, with the combined effect being four times higher than the single effect. The four models have obvious discrimination ability and certain accuracy. Therefore, older adults with hyperuricemia should monitor and control hypertension.
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ABSI as a continuous variable? ABSI as a categorical variable®

OR 95% Cl P value OR 95% ClI P value
Crude model 2.485 2.099-2.942 < 0.001 2132 1.826-2.489 < 0.001
Model 1 1.378 1.150-1.653 0.001 1.257 1.057-1.494 0.010
Model 2 1.287 1.070-1.547 0.007 1.220 1.025-1.453 0.025
Model 3 1.259 1.046-1.516 0.015 1.201 1.008-1.430 0.041

Crude model: unadjusted.

Model 1: adjusted for age, smoking history, hypertension, diabetes, and osteoporosis.

Model 2: adjusted for variables included in Model 1 and body mass index, systolic blood pressure.

Model 3: adjusted for variables included in Model 2 and triglycerides, total cholesterol, creatinine, and fasting plasma glucose.

ABSI, a body shape index; AAC, abdominal aortic calcification; OR, odds ratio; CI, confidence interval.

2The OR was examined by per 1-unit increase of ABSL.

The OR was examined regarding lower ABSI as reference (stratified by the optimal cutoff point of ABSI determined by ROC curve analysis).
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Variables AUC 95% ClI P value Z value P for comparison
Univariate model

ABSI 0.625 0.608-0.642 < 0.001 Reference Reference
Height 0.532 0.514-0.549 0.005 5.710 < 0.001
Weight 0.562 0.545-0.580 < 0.001 4.217 < 0.001
BMI 0.548 0.530-0.565 < 0.001 5.385 < 0.001
wC 0.505 0.487-0.523 0.652 6.841 < 0.001
WHItR 0.512 0.494-0.529 0.284 8.687 < 0.001
Combined variable model

Baseline risk model® without ABSI 0.726 0.710-0.741 < 0.001 Reference Reference
Baseline risk model® with ABSI 0.728 0.712-0.744 < 0.001 1.657 0.098

ABS]I, a body shape index; BMI, body mass index; WC, waist circumference; WHIR, waist-to-height ratio; AUC, area under the curve; CI, confidence interval. *The baseline risk model

included age, smoking history, diabetes, hypertension, osteoporosis, systolic blood pressure, triglycerides, total cholesterol, fasting plasma glucose, hemoglobin Alc, creatinine, uric acid,

alkaline phosphatase, total calcium, and 25-OH-VitD3.





OPS/images/fpubh-11-1107158/crossmark.jpg
(®) Check for updates






OPS/images/fcvm-09-1091390/fcvm-09-1091390-g003.jpg
AAC Score

3—1

T
ABSI < 0.84

ABSI| = 0.84






OPS/images/fcvm-09-1091390/fcvm-09-1091390-g004.jpg
Subgroups

Sex (Male)

Sex (Female)
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Age > 65 years
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Smoking history +
Hypertension -
Hypertension +
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Diabetes +
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Sleep disorder -
Sleep disorder +
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BMI = 23 kgm*2

SBP < 140 mmHg
SBP = 140 mmHg

DBP < 90 mmHg
DBP = 90 mmHg

FPG < 126 mg/dL
FPG = 126 mg/dL

HbA1c < 6.5%
HbA1c = 6.5%

LDL-C < 130 mg/dL
LDL-C > 130 mg/dL

OR (95%Cl)

2213 (1.773-2.761)
2.050 (1.645-2.5595)

1.632 (1.318-2.022)
1.503 (1.158-1.951)

2.231(1.783-2.792)
1.877 (1.510-2.334)

1.881 (1.485-2.383)
2.038 (1.649-2.519)

2.135 (1.786-2.552)
1.793 (1.294-2.484)

2.157 (1.829-2.542)
1.504 (0.920-2.459)

2.133 (1.809-2.514)
2.204 (1.356-3.582)

3.410 (2.093-5.557)
2.019 (1.714-2.379)

2.033 (1.697-2.436)
2.033 (1.488-2.778)

2.080 (1.775-2.437)
4.184 (1.883-9.298)

2.133 (1.797-2.531)
1.720 (1.177-2.5195)

2.251 (1.898-2.669)
1.297 (0.881-1.910)

2.608 (1.995-3.411)
1.981 (1.315-2.986)

P value

< 0.001
< 0.001

<0.001
0.002

<0.001
<0.001

< 0.001
<0.001

<0.001
<0.001

<0.001
0.103

<0.001
0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

< 0.001
0.005

<0.001
0.188

<0.001
0.001

P for interaction

0.675

0.632

0.278

0.621

0.357

<0.001

0.165

0.215

0.999

0.09

0.439

0.011

0.272
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Variables

Total population

(n = 3,140)

Lower ABSI (< 0.84;
n = 1,876)

Higher ABSI (> 0.84;

n = 1,264)

P value

Age, years 58.0 (48.0, 68.0) 53.0 (46.0, 63.0) 64.0 (56.0, 73.0) < 0.001
Sex, male, n (%) 1518 (48.3) 821 (43.8) 697 (55.1) < 0.001
Race, n (%) < 0.001

Non-Hispanic white 1375 (43.8) 724 (38.6) 651 (51.5)

Non-Hispanic black 620 (19.7) 439 (23.4) 181 (14.3)

Mexican-American 412 (13.1) 253 (13.5) 159 (12.6)

Other Hispanic 298 (9.5) 187 (10.0) 111 (8.8)

Others 435 (13.9) 273 (14.6) 162 (12.8)
Smoking history, n (%) 1452 (46.2) 765 (40.8) 687 (54.4) < 0.001
Diabetes, n (%) 648 (20.6) 290 (15.5) 358 (28.3) < 0.001
Hypertension, n (%) 1486 (47.3) 782 (41.7) 704 (55.7) < 0.001
Osteoporosis, n (%) 258 (8.2) 127 (6.8) 131(10.4) < 0.001
Sleep disorder, n (%) 336 (10.7) 166 (8.8) 170 (13.4) < 0.001
Body mass index, kg/m? 284456 28.8+5.8 28.0+5.1 < 0.001
Waist circumference, cm 99.34+13.6 96.2 +13.0 103.9 4+ 13.0 < 0.001
WHtR 0.6 £0.1 0.6 +0.1 0.6£0.1 < 0.001
SBP, mmHg 127.24+ 183 125.1 £17.1 1304+ 194 < 0.001
DBP, mmHg 71.3£10.8 72.0 +£10.2 70.3 £ 11.5 0.221
Laboratory results
Triglycerides, mg/dL 1320 (86.0, 192.8) 121.0 (80.0, 176.0) 144.0 (97.0,211.8) <0.001
Total cholesterol, mg/dL 196.0 + 42.7 198.0 £41.9 193:24:43.7 0.002
LDL-C, mg/dL 114.8 & 36.0 117.0 £35.2 1114+ 371 0.004
HDL-C, mg/dL 54.1 £ 16.5 55.6 +16.9 51.8 £ 15.6 < 0.001
Blood urea nitrogen, mg/dL 143+6.2 136 =53 153 7:1 < 0.001
Creatinine, mg/dL 0.9 (0.7, 1.0) 0.9 (0.7, 1.0) 0.9 (0.8, 1.1) < 0.001
Uric acid, mg/dL 55+ 14 53+13 56+14 < 0.001
FPG, mg/dL 98.0 (90.0, 110.0) 96.0 (89.0, 109.0) 102.0 (91.0, 119.0) < 0.001
Hemoglobin Alc, % 5.7 (5.4,6.0) 5.6 (5.3,5.9) 5.8(5.4,6.2) < 0.001
Total bilirubin, mg/dL 0.6+03 0.6+0.3 0.6+03 0.663
GGT, U/L 21.0 (15.0, 30.0) 20.0 (14.0, 30.0) 21.0 (15.0, 31.0) 0.002
Alkaline phosphatase, IU/L 65.0 (53.0, 77.0) 64.0 (53.0, 75.0) 67.0 (54.0, 80.0) < 0.001
Total calcium, mg/dL 9.5+ 04 9.4+04 9.5+03 0.226
Phosphorus, mg/dL 3.8+ 0.6 3.8+0.6 3.8+ 0.6 0.164
25-OH-VitD3, nmol/L 63.8 (45.9, 81.0) 63.3 (46.2, 79.6) 64.9 (45.7,83.1) 0.065
AAC, n (%) 947 (30.2) 444 (23.7) 503 (39.8) < 0.001

ABSI, a body shape index; WHtR, waist-to-height ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; FPG, fasting plasma glucose; GGT, y-glutamyl transpeptidase; AAC, abdominal aortic calcification.
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Variables

Age (years)
Male (%)
Race (%)
Non-hispanic white
Non-hispanic black
Mexican American
Other hispanic
Others
Current drinking (%)
Current smoking (%)
PIR
Height (cm)
Weight (kg)
BMI (kg/m?)
WC (cm)
SBP (mmHg)
DBP (mmHg)
FPG (mmol/L)
TC (mmol/L)
HDL-c (mmol/L)
Scr (mol/L)
Anti-hypertension therapy (%)
Anti-diabetic therapy (%)
Lipid-lowering therapy (%)
Hypertension (%)
Diabetes (%)
CHD history (%)
WWI (cm/4/kg)

Total (25,509)

46.77 (46.18-47.26)
48.84 (48.28-49.39)

73.60 (71.16-75.90)
8.50 (7.54-9.55)
9.54 (8.28-10.96)
6.74 (5.52-8.22)
1.63 (1.35-1.95)

26.73 (25.41-28.10)

17.36 (16.48-18.28)
3.02 (2.94-3.09)

168.98 (168.78-169.18)

82.36 (81.89-82.82)

28.76 (28.59-28.93)

98.76 (98.33-99.19)

121.97 (121.59-122.35)

70.43 (70.02-70.83)
547 (5.44-5.51)
5.07 (5.04-5.09)
1.40 (1.38-1.41)

78.78 (78.31-79.26)

2559 (24.61-26.61)
6.92 (6.53-7.34)

16.04 (15.31-16.80)

32.73 (31.68-33.79)

10.91 (10.39-11.45)
328 (2.97-3.63)

10.94 (10.91-10.96)

Reported HF (n = 754)

65.66 (64.41-66.90)
54.82 (50.18-59.38)

78.90 (75.59-81.87)
6.54 (4.47-9.46)
9.90 (7.78-12.52)
3.30 (2.01-5.35)
1.36 (0.52-3.54)
32.79 (29.28-36.50)
18.46 (15.23-22.21)
2.29 (2.13-2.45)
167.33 (166.41-168.25)
89.40 (86.87-91.94)
31.81(30.92-92.71)
109.51 (107.56-111.45)
129.08 (127.33-130.84)
66.53 (65.33-67.74)
6.58 (6.32-6.84)
4,65 (4.51-4.78)
1.26 (1.22-1.29)
105.33 (99.83-110.82)
72.06 (67.84-75.91)
29.81 (25.79-34.16)
53.35 (48.32-58.31)
77.85 (73.70-81.50)
36.92 (32.30-41.80)
40.74 (36.11-45.53)
11.66 (11.58-11.75)

Without reported HF (n = 24755)

46.34 (45.85-46.83)
48.70 (48.13-49.28)

73.48 (71.02-75.80)
8.54(7.58-9.61)
9.53 (8.27-10.96)
6.82 (5.58-8.31)
1.63 (1.36-1.96)
26.60 (25.26-27.97)
17.34 (16.43-18.29)
3.03 (2.96-3.10)
169.02 (168.81-169.22)
82.20 (81.74-82.65)
28.69 (28.53-28.85)
98.51 (98.09-98.93)
121.80 (121.43-122.18)
70.51 (70.11-70.92)
5.45 (5.42-5.48)
5.07 (5.05-5.10)
1.40 (1.39-1.41)
78.18 (77.73-78.64)
24.54 (23.59-25.53)
6.41 (6.03-6.80)
15.20 (14.47-15.96)
31.71 (30.68-81.50)
10.32 (9.82-10.84)
244 (2.17-2.73)
10.92 (10.90-10.94)

Data were summarized as mean (95% confidence intervals) or numbers (95% confidence intervals) according to their data type.

P-value

<0.001
0.006
0.013

<0.001

0.548
<0.001

0.119
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

HE heart failure; PIR, poverty-to-income ratio; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose;

TG, total cholesterol; HDL-c, high density lipoprotein cholesterol; Scr, serum creatinine; CHD, coronary heart disease; WWI, weight-adjusted waist circumference.
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Variables Odds ratio (95% CI)

Crude P-value Model 1 P-value Model 2 P-value

WWI (Per SD increase) 2.484 (2.265-2.725) <0.001 1.669 (1.472-1.893) <0.001 1.195 (1.036-1.379) 0.015
Quartiles of WWI

Quartile 1 Reference Reference Reference

Quartile 2 3.222 (2.153-4.821) <0.001 1.883 (1.255-2.825) 0.003 1.361 (0.877-2.111) 0.167

Quartile 3 7.171 (5.197-9.896) <0.001 2.763 (1.942-3.931) <0.001 1.545 (1.027-2.323) 0.037

Quartile 4 15.231 (10.873-21.335) <0.001 4.039 (2.781-5.865) <0.001 1.670 (1.059-2.634) 0.028

P for trend <0.001 <0.001 0.040

Crude: no adjustment; Model 1: age, sex, race, current smoking, current drinking, PIR; Model 2: model 1 + BMI, WG, Scr, FPG, TC, HDL-c, SBP, anti-hypertensive therapy, anti-diabetic
therapy, lipid-lowering therapy, and coronary heart disease history.
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Model AUC (95% CI)

WWI 0.709 (0.704-0.715)
BMI 0.598 (0.592-0.604)
wC 0.659 (0.653-0.665)
Clinical risk factors* 0.890 (0.886-0.893)

Clinical risk factors + WWI  0.894 (0.890-0.897)

P-value

<0.001
<0.001
<0.001
<0.001
<0.001

P for comparison

<0.001
<0.001

0.002

NRI (continuous)

0.225 (0.152-0.297)

P-value

<0.001

IDI

0.004 (0.002-0.007)

P-value

0.002

*Clinical risk factors: age, sex, race, current smoking, current drinking, PIR, BMI, WG, Scr, FPG, TC, HDL, SBP, anti-hypertensive therapy, anti-diabetic therapy, lipid-lowering therapy,

and coronary heart disease history.
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Weight change All Weight  Moderate-to- Small Small Moderate-
participants stable large weight weight weight gain to-large

(n=1867) (n=505) loss (n=259) loss (n=260) weight gain

(n=190) (n=653)

Age (years), mean (SD) 6747535 67.98+5.38 68222529 6856552 6672£523 66764524 <0.001

Sex, n (%) <0.001

Male 1081 (57.90%) 334 (66.14%) 150 (57.92%) 129(67.89%) 169 (65.00%) 299 (45.79%)

Female 786(4210%) 171 (33.86%) 109 (42.08%) 61(32.11%)  91(35.00%) 354 (54.21%)

Race/ethnicity, n (%) 0.002

Mexican American 287 (15.37%) 73 (14.46%) 49(18.92%) 38(20.00%)  40(15.38%) 87(13.32%)

Other Hispanic 153 (8.19%) 35 (6.93%) 23 (8.88%) 16/(8.42%) 16 (6.15%) 63 (9.65%)

Non-Hispanic white 814(43.60%) 242 (47.92%) 95 (36.68%) 63(33.16%) | 131(50.38%) 283 (43.34%)

Non-Hispanic Black 529(2833%)  125(2475%) 83 (32.05%) 61(32.11%)  68(26.15%) 192 (29.40%)

Other race 84 (4.50%) 30 (5.94%) 9 (3.47%) 12(632%) 5(1.92%) 28 (4.29%)

BMI (kg/m?), mean +SD 30234621 28424521 27324560 27604551 30694485 33374640 <0.001

Income poverty ratio, mean +SD 2524157 2704161 1984138 2504154 2894160 245£1.56 <0.001

Educational level, n (%) <0.001

Lower 624(33.46%) 157 (3L09%) 129 (50.00%) 64(33.68%) 63 (24.23%) 211 (32.36%)

Intermediate 926(49.65%) 251 (49.70%) 9 (38.37%) 99(5211%) 147 (56.54%) 330 (50.61%)

Higher 315 (16.89%) 97 (19.21%) 30 (11.63%) 27 (14.21%) 50 (19.23%) 111(17.02%)

Marital status, n (%) 0.006

Married/partnered 1143 (61.65%) 333 (66.60%) 144 (56.03%) 108 (57.14%) 173 (66.80%) 385 (59.32%)

Single/no partner 7I(E835%) 167 (33.40%) 113 (43.97%) 81(4286%)  86(33.20%) 264 (40.68%)

Physical activity, n (%) 0.017

Vigorous activity 204 (10.93%) 75 (14.85%) 25 (9.65%) 19.(10.00%) 27(10.38%) 58 (8.88%)

Moderate activity 553(2962%) 158 (31.29%) 64(24.71%) 56(2047%) | 84(3231%) 191 (29.25%)

No 1110 (5945%) 272 (53.86%) 170 (65.64%) 115(60.53%) 149 (57.31%) 404 (61.87%)

Smoker, n (%) <0.001

Yes 482(2582%) 104 (20.59%) 107 (41.31%) 59 (31.05%) 50 (19.23%) 162 (24.81%)

No 1385 (74.18%) 401 (79.41%) 152 (58.69%) 131(68.95%) 210 (80.77%) 491 (75.19%)

Diabetes, n (%) <0.001

Yes 517(27.69%)  118(23.37%) 103 (39.77%) 65(3421%)  69(26.54%) 162 (24.81%)

No 1350 (7231%) 387 (76.63%) 156 (60.23%) 125(6579%) 191 (73.46%) 491 (75.19%)

“Treatment for hypertension, n 0051

(%)

Yes 1710 (9159%) 457 (90.50%) 247 (9537%) 173(91.05%) 230 (88.46%) 603 (92.34%)

No 157 (8.41%) 48 (9.50%) 12 (4.63%) 17 (8.95%) 30 (11.54%) 50 (7.66%)

SBP (mmHg), mean £ SD 136191955 135.66+19.23 136.1321.90 13906£2031  13468£18.19 136.38£19.08 0.193

DBP (mmHg), mean £ SD 705341228 | 70381203 68.43£12.05 717541293 7073£1183 710541246 0.029

TC (mg/dL), mean +SD 1961153668 | 1969943587 190.37436.16 1950243789 1970243621 197.67437.22 0087

HDL (mg/dL), mean +SD 6747535 530421572 551541570 53161581 SLI5£14.48 513341436 0.005

‘The 10-year ASCVD ris 232141315 232241316 265941417 278441344 206941207 211341246 <0.001

mean+SD

Boldface indicates statistical sig
cholesterol; ASCVD, atherosclerotic cardiovascular di

fcance (p<0.05). BMI, body mass index; SBY, systlic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; HDL-C, high-density ipoprotein
ase; SD, standard deviation.
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Weight stable

Moderate-to-large
weight loss

Small weig
loss

Small weight
gain

Moderate-to-large
weight gain

60-64 Ref
65-69 Ref
70-74 Ref
7579 Ref
Sex

Male Ref
Female Ref
Race/Ethnicity

Mexican American Ref
Other Hispanic Ref
Non-Hispanic white ~ Ref
Non-Hispanic Black | Ref
Other race Ref
BMI

<250 Ref
250-2909 Ref
300-349 Ref
2350 Ref

Physical activity

Vigorous activity Ref
Moderate activity Ref
No Ref

Intention to lose weight

Yes Ref
No Ref
Diabetes

Yes Ref
No Ref

Treatment for hypertension

Yes Ref
No Ref
Smoker

Yes Ref
No Ref

2.55 (0,29, 4.80)
4.45 (1.70,7.20)
126 (~2.04,4.55)

0.57 (~4.86, 6.00)

243 (0.41,4.44)

299 (0.58, 5.40)

251 (~0.72,5.75)
624(1.2,11.29)
2,08 (0,05, 4.21)
282(~0.57,622)
242(-561,1045)

3.53 (0.11,6.95)
153 (~0.82,3.88)
146 (~1.82,4.75)

243 (-247,734)

3.95(~0.20,8.10)
0.46 (~237,3.30)

3.31(1.25,537)

138 (-0.96,3.72)
3.07 (1.03,5.11)

~1.34 (-4.29, 1.61)

1.57 (0.26,2.87)

227 (0.67,3.88)

1.41(=343,6.24)

120 (~1.76,4.16)

1.73 (0.06, 3.40)

1.61(=0.95,4.17)
4.12(1.15,7.10)
5.50 (1.89,9.11)

=1.21(=69,4.47)

176 (~0.35,3.87)

5.81(2.93,8.68)

240 (~1.06, 5.86)
912 (3.61,14.62)
171(=0.77, 4.18)
3.31(~0.37,7.00)

(~8.36,5.70)

1.23 (~2.48,4.94)
3.56 (1.03,6.09)
436 (0.67, 8.05)

1.54(-4.07,7.15)

5.22(0.69,9.75)
1.60 (~1.34,4.54)

3.46 (1.15,5.78)

139 (~1.39,4.18)

3.51(135,5.67)

125 (~2.06,4.56)

1.83 (0.44,3.23)

2.90 (1.11,4.69)

5.01 (0.88,9.13)

3.5 (0.07,7.04)
1.92/(0.18, 3.66)

—0.84(~2.86,1.17)
~0.59(3.35,2.17)
040 (-2.99,3.79)

3.30(=3.06,9.66)

0.29(~1.65,2.22)
—0.07 (~2.58,2.44)

131(-2.1,4.72)
1.68 (~3.97,7.33)
0.23(-1.69,2.14)
0.00(-3.58,3.58)
~3.68 (~14.19,6.83)

186 (~3.71,7.42)
0.67 (1.6, 3.00)
—1.07(-3.72,158)

1.72(-23,5.75)

0.77(=3.23,4.77)
=2.14(=4.73,045)

149 (~0.64,3.61)

—0.34(~2.45,1.77)

0.69(~1.5,2.88)

~0.88 (~4.14,239)

0.63(-0.58, 1.83)

0.25(~1.38,1.88)

048 (~2.93,3.88)

112(<255,4.78)

0.26(~1.23,1.74)

—0.69 (=2.40, 1.03)
0.52(=1.77,281)
2,07 (<0.70, 4.84)

1.95 (~2.84,6.73)

—0.17 (~1.85, 1.51)

147 (~0.44, 3.38)

~0.58 (~3.44, 2.28)
2.11(-216,6.39)
046 (~1.19, 2.11)
1.65(~1.23,452)

~3.99 (=978, 1.80)

~0.45 (538, 4.47)
~0.53 (<245, 1.40)
~0.13(-247,221)

2.54(-049,5.57)

~0.23(-357,3.12)
—2.70 (~4.97,-0.43)

1.98(0.28,3.69)

0.29(~1.43,2.02)

0.58 (<124, 24)

1.28 (~1.52,4.09)

1.57 (0.59,2.55)

0.50 (~0.83, 1.82)

0.46 (~2.62,3.55)

0.18 (~2.70, 3.06)

—0.11 (=135, 1.13)

Values are ) (95% confidence interval). Adjusted for sex, race/ethnicity, BMI, income-poverty ratio, education level, marital status, and physical activity. The model is not adjusted for the
ificance (p<0.05). BMI, body mass index; ASCVD, atherosclerotic cardiovascular disease.

stratification variable itself. Boldface indicates statistical si
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1.714 (0.991-2.961)
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RERI (95% CI)

1458 (0.646-2.269)

0758 (0.101-1.415)

AP (95% CI)

0285 (0.156-0.414)

0.199 (0.046-0.352)
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1,548 (1.217-1969)

1371 (1.041-1.807)
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Additive Number of people Single factor analysis Multivariate analysis
interaction

OR value (95% Cl) OR value (95% Cl)

2334 (1.872-2.910) 1.996 (1.590-2.507)
1337 (1.157-1.546) 1115 (0.957-1.300)
3.860 (2.983-4.995) 2907 (2218-3.808)

3.187 (2.662-3.815) 2769 (2300-3.334)
1.470 (1.180-1.831) 1269 (1.012-1592)
5.115 (4.181-6.258) 3798 (3.055-4.722)

2.983 (2.572-3.460) 2923 (2503-3.414)
2318 (1.596-3.365) 1987 (1.359-2.907)
5.502 (4.469-6.773) 4.828(3.892-5.990)
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Multiplicative Number of Single factor analysis Multivariate analysis P value
interaction people

OR value (95% Cl) OR value (95% Cl)

2.564 (2.166-3.035) 1704 (1.422-2.042)
1406 (1.234-1.600) X . 1305 (1.129-1509)
3221 (2508-4.137) 2073 (1591-2.702)

3190 (2.783-3.655) 2856 (2.468-3.304)
1.406 (1.234-1.600) X . 1,305 (1.129-1509)
2.735 (2.341-3.194) 2.080 (1.759-2.459)

3.190 (2.783-3.655) 2.856 (2.468-3.304)
2.564 (2.166-3.035) X 1704 (1.422-2.042)
3.054 (2.535-3.679) X 2606 (2.150-3.158)
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Variable Men Variable Women

Predicted body composition index | Adjusted HR (95% | P: Predicted body composition index | Adjusted HR (95% | P-
(kg/m?) [d)) value (@)

PASMMI PASMMI
First quintile (3.97-7.64) 1 (Reference) | First quintile (3.56-5.78) 1 (Reference)
Second quintile (7.64-8.05) 0968 (0.924-1014) | 0172 | Second quintile (5.78-6.06) 0973 (0.919-1032) | 0289
‘Third quintile (8.05-8.42) 0936 (0.88-0989) | 0019 | Third quintile (6.06-6.33) | 0930 (0902-0962) | 0007
Fourth quintile (8.42-8.71) 0884 (0.827-0944) | 0003 | Fourth quintile (6.33-6.69) 0.889 (0.831-0943) | 0.006
Fifth quintile (8.71-21.56) 0501 0731-0877) | <001 | Fifth quintile (6.69-1485) 0894 (0542-0946) | 0.003
PBEMI PBEMI
First quintile (24.21) 1 (Reference) | First quintile (>5.99) 1 (Reference)
Second quintile (421-5.00) 1067 (L009-1127) | 0022 | Second quintile (5.99-6.98) 1019 (0918-1123) | 0624
Third quintile (5.00-5.68) 1125 (1056-1199) | 0003 | Third quintile (6.98-7.93) 1049 (0969-1136) | 0237
Fourth quintile (5.68-6.50) 1226 (L138-1320) | <001 | Fourth quintile (7.93-9.15) 1106 (1012-1208) | 0026
Fifth quintile (6.50) 1362 (1234-1503) | <001 | Fifth quintile (915 <) L1l4 (L001-1223) | 0021
PpLBMI PLBMI
First quintile (9.07-17.26) 1 (Reference) First quintile (9.48-14.22) 1 (Reference)
Second quinlile (17.26-18.16) 1.206 (1.082-1.323) <001 Second quintile (14.22-14.93) 1.122 (1.097-1.149) <001
Third quintile (18.16-18.95) 1.322 (1.252-1.393) <.001 Third quintile (14.93-15.60) 1.241 (1.193-1.293) <001
Fourth quintile (18.95-1993) 1594 (1174-2013) | <001 | Fourth quintile (15.60-16.47) 1258 (1234-1284) | <001
Fifth quintile (19.93-48.50) 2.121 (1.723-2.523) <001 | Fifth quintile (16.47-35.91) 1.306 (1.288-1.327) <001

A multivariable model is used to determine the association of predicted body composition index with the development of atrial fibrilation adjusted for body mass index,
household income, hypertension, diabetes mellitus, dyslipidemia, cancer, renal disease, chronic obstructive pulmonary disease, obstructive sleep apnea syndrome,
peripheral arterial disease, heart failure, and liver disease. HR, hazard ratio; C, confidence interval; pASMMI, predicted appendicular skeletal muscle mass index; pBFMI,
Sradiced Body fat fiess index: pLEMI: kredictad teain body mass indss.
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Variable Men Women

HR (95% CI) | P-value | HR (95% Cl) | P-value
Body mass index (kg/m?)

<18.50
PASMMI | 0.804 (0.577-1.121) 0.198 0.880 (0.465-1.662) 0.692
PBEMI | 0.899 (0743-1088)| 0273 | 002 (0811-1239) | 0.982
PLBMI | 0.897 (0767-1050) | 0176 | 0.944 (0726-1226) | 0.663
18.5024.99 ) i ) )
PASMMI | 0.863 (0760-0.965) | 0014 | 0.915 (0816-1015) | 0.095
PBEMI | L118 (1092-1145) | <001 | 1084 (1058-1111) | <001
pLBMI 1.034 (1.013-1.056) 0.002 1.097 (1.060-1.135) <.001
25-29.99
PASMMI | 0.955 (0914-0993) | 0030 | 0.915 (0849-0986) | 0.019
PBEMI | 1166 (L128-1205) | <001 | 1.087 (1050-1126) | <001
PLBMI | 1015 (1005-1025) | 0018 | 1.085 (L034-1138) | 0.001
30
PASMMI | 0.857 (0.756-0.954) 0.034 0.894 (0.814-0.976) <.001
PBEMI | 1215 (L145-1289) | <001 | 1.083 (1036-1132) | 0.004
PLBMI | 1034 (L022-1046) | 0025 | 1075 (LO12-1141) | 0.019

A multivariable model is used to determine the association of predicted body
composition index with the development of atrial fibrillation adjusted for body
mass index, household income, hypertension, diabetes melitus, dyslipidemia
cancer, renal disease, chronic obstructive pulmonary disease, obstructive sleep
apnea syndrome, peripheral arterial disease, heart failure, and liver disease. HR
hazard ratio; Cl, confidence interval; pASMMI, predicted appendicular skeleta
muscle mass index; pBFMI, predicted body fat mass index; pLBMI, predicted lean
body: s inde
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A

PASMMI
Body mass index (kg/m2)
<18.50 RS 0.80 (0.57, 1.12)
18.5-24.99 —— 0.86 (0.76, 0.96)
25-29.99 - 0.95 (0.91, 0.99)
230 —= 0.85 (0.75, 0.95)
PBFMI
Body mass index (kg/m?)
<18.50 — 0.89 (0.74, 1.08)
18.5-24.99 * 1.11(1.09, 1.14)
25-29.99 <> 1.16 (1.12, 1.20)
>30 - 1.21(1.14, 1.28)
pLBMI
Body mass index (kg/m2)
<18.50 = 0.89 (0.76, 1.05)
18.5-24.99 * 1.03 (1.01, 1.05)
25-29.99 d 1.01 (1.00, 1.02)
230 id 1.03 (1.02, 1.04)
o os 1 15
B
PASMMI
Body mass index (kg/m2)
<18.50 e 0.88 (0.46, 1.66)
18.5-24.99 ] 0.91 (0.81, 1.01)
25-29.99 ——| 0.91 (0.84, 0.98)
230 == 0.89 (0.81, 0.97)
PBEMI
Body mass index (kg/m?)
<1850 — 1.00 (0.81, 1.24)
18.5-24.99 > 1.08 (1.05, 1.11)
25-29.99 - 1.08 (1.05, 1.12)
>30 - 1.08 (1.03, 1.13)
pLBMI
Body mass index (kg/m2)
<18.50 T — 0.94 (0.72,1.22)
18.5-24.99 - 1.09 (1.06, 1.13)
25-29.99 o 1.08 (1.03, 1.13)
230 —— 1.07 (1.01, 1.14)
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Variable Women P-value

Number of participants 2,673,108 1,375,179 1,297,929

Age, years 4858 1405 47.47+1374 4976 +14.28

Body mass index (kg/m’) 2374+327 2424309 23224336

Household income <001
First quartile, lowest 502,975 (18.82) 203,592 (14.80) 299,383 (23.07)
Second quartile 575,250 (21.52) 281,507 (20.47) 293,743 (2263)
Third quartile 722,093 (27.01) 399,920 (29.08) 322,173 (2482)
Fourth quartile, highest 872,790 (32.65) 490,160 (35.64) 382,630 (29.48)

Smoking status <001
Never 1,646,321 (61.59) 418,419 (30.43) 1,227,902 (94.60)
Former 392,042 (14.67) 368,402 (26.79) 23,640 (1.82)
Current 634,745 (23.75) 588,358 (42.78) 46,387 (3.57)

Alcohol consumption (drinks/week) <001
None 1,426,626 (53.37) 453,292 (32.96) 973,334 (74.99)
Moderate 711,582 (26.62) 490,812 (35.69) 220,770 (17.01)
Heavy 534,900 (20.01) 431,075 (31.35) 103,825 (8.00)

Physical activity (min/week) <001
Low 1,606,512 (60.10) 779,725 (56.70) 826,787 (63.70)
Moderate 1,066,596 (39.90) 595,454 (43.30) 471,142 (36.30)

ps P
Hypertension 723,813 (27.08) 380,805 (27.69) 343,008 (26.43) <001
Diabetes mellitus 356,894 (13.35) 199,744 (14.52) 157,150 (12.11) <001
Dyslipidemia 739,038 (27.65) 355,543 (25.85) 383,495 (29.55) <001
Cancer 68,694 (2.57) 31,074 (226) 37,620 (2.90) <001
Renal disease 240,220 (8.99) 107,009 (7.78) 133211 (1026) <001
COPD 45,053 (1.69) 27,048 (1.97) 18,005 (139) <001
0sas 909 (0.03) 763 (0.06) 146 (0.01) <001
Peripheral arterial disease 58,460 (2.19) 26,592 (1.93) 31,868 (2.46) <001
Heart Failure 27,679 (1.04) 12,049 (0.88) 15,630 (1.20) <001
Liver disease 405,972 (15.19) 216,630 (15.75) 189,342 (14.59) <001

Predicted body composition index
PASMMI (kg/m’) 7.30%122 828+078 626+057 <001
PBEMI (kg/m®) 649204 539+ 143 764%194 <001
PLBMI (kg/m”) 1707224 1864 % 1.68 1540139 <001

p-values are obtained using Student’s t-test and Chi-square test. Data are expressed as the mean + standard deviation or n (%). COPD, chronic obstructive pulmonary
disease; OSAS, obstructive sleep apnea syndrome; pASMMI, predicted appendicular skeletal muscle mass index; pBFMI, predicted body fat mass index; pLBMI
orediciad lessr body mass indéx:
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Variable Men Variable Women

Predicted body composition | Adjusted HR | P-value | Predicted body composition index (kg/m?) | Adjusted HR | P-value

index (kg/m?) (95% Cly (95% Cly
PASMMI PASMMI
First quintile (3.97-7.64) 1 (Reference) First quintile (3.56-5.78) 1 (Reference)
Second quintile (7.64-8.05) 0.939 (0.895-0.985) 0.009 Second quintile (5.78-6.06) 0.906 (0.846-0.971) 0.005
Third quintile (8.05-8.42) 0.914 (0.863-0.968) 0.002 Third quintile (6.06-6.33) 0.904 (0.840-0.973) 0.007
Fourth quintile (8.42-8.71) 0.878 (0.819-0.941) 0.003 Fourth quintile (6.33-6.69) 0.928 (0.854-0.098) 0.003
Fifth quintile (8.71-21.86) 0.829 (0.753-0.912) 0.001 Fifth quintile (6.69-14.85) 0.888 (0.792-0.995) 0.041
PBEMI PBEMI
First quintile (>4.21) 1 (Reference) First quintile (>5.99) 1 (Reference)
Second quintile (4.21-5.00) 1.035 (0.979-1.093) 0.223 Second quintile (5.99-6.98) 1.151 (1.076-1.231) <.001
Third quintile (5.00-5.68) 1.086 (1.020-1.156) 0.009 Third quintile (6.98-7.93) 1.253 (1.131-1.397) <.001
Fourth quintile (5.68-6.50) 1.187 (1.103-1.266) <.001 Fourth quintile (7.93-9.15) 1.384 (1.267-1.503) <.001
Fifth quintile (6.50<) 1.345 (1.221-1.483) <.001 Fifth quintile (9.15<) 1.420 (1.274-1.591) <.001
pLBMI pLBMI
First quintile (9.07-17.26) 1 (Reference) First quintile (9.48-14.22) 1 (Reference)
Second quintile (17.26-18.16) 1.247 (1.124-1.371) <.001 Second quintile (14.22-14.93) 1.156 (1.081-1.227) <.001
Third quintile (18.16-18.95) 1.452 (1.381-1.521) <.001 Third quintile (14.93-15.60) 1.253 (1.167-1.305) <.001
Fourth quintile (18.95-19.93) 1.697 (1.277-2.106) <.001 Fourth quintile (15.60-16.47) 1.335 (1.234-1.433) <.001
Fifth quintile (19.93-48.50) 2.241 (2.182-2.303) <.001 Fifth quintile (16.47-35.91) 1.516 (1.368-1.667) <.001

A multivariable model is used to determine the association of predicted body composition index with the development of atrial fibrilation adjusted for body mass index,
household income, hypertension, diabetes mellitus, dyslipideria, cancer, renal disease, chronic obstructive pulmonary disease, obstructive sleep apnea syndrome,
peripheral arterial disease, heart failure, and liver disease. HR, hazard ratio; C, confidence interval; pASMM, predicted appendicular skeletal muscle mass index; pBFM,
oredictad Body:fat mass index: pLEM] predictad lesn Body mass index.
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N B (95% CI) 4
Weight change pattern
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Variables Odds Ratio (95% Cl)
Model 1 P value P value
FLI (Per 1 SD increase) 1542 (1463, 1.627) 1455 (1369, 1.546) 1270 (1.106, 1.458)
Quartiles of FLI
Quartile 1 Reference Reference Reference
Quartile 2 2225 (1.809, 2.735) <0.001 1387 (1124, 1.711) 0.003 1232 (0988, 1.538) 0.064
Quartile 3 2.865 (2399, 3.421) <0.001 1727 (1.448, 2.059) <0.001 1370 (1094, 1.716) 0.007
Quartile 4 3,555 (2955, 4.278) <0.001 2611 (2174, 3.135) <0.001 1684 (1228, 2.310) 0.001
P for trend <0.001 <0.001 0.002

Model 1 age, sex, race. Model 2: Model 1+ current smoking, current drinking, PIR, BMI, WC, TC, TG, GGT, Scr, FPG, SBP, anti-hypertensive therapy, anti-diabetic therapy,
and lipid-lowering therapy. FLI, fatty liver index; IHD, ischemic heart disease; CI, confidence interval; SD, standard deviation; PIR, poverty-income ratio; BMI, body mass
G, Scr, serum creatine; FPG, fasting plasma glucose; SBP, systolic blood

index; WC, waist circumference; TC, total

oressure.

GT. 7
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P value IDI P value

AUC (95% Cl) P value | P for comparison | NRI (continuous)

0633 (0593, 0.673)

0,603 (0598, 0609) | <0.001

Clinical risk factors’ | 0823 (0818, 0827) | <0001 | <0001 | = = =

Clinical risk factors + FLI | 0859 (0855, 0.862) | <0001 [ <0001 | 0034 (0031,0038) | <0001

“Clinical isk factors: age, sex, race, current smoking, current drinking, PIR, BMI, WC, TC, TG, GGT, Scr, FPG, SBP, anti-hypertensive therapy, anti

lowering therapy. FLI, fatty iver index; IHD, ischemic heart disease; AUC, area under the curve; NRI, net reclassification index; IDI, integrated discrimination index; PIR,
: TC, total cholesterol; TG, Ser, serum creatine; FPG,

iabetic therapy, and lipid-

poverty-income ratio; BMI, body mass index; WC, waist
fmsting plasmia dlucose: SBE. sysiolic bload pressure.
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Age (years)

<50 —_——-—
250 ——

Sex

Male ——

Female ——
Race

Black —_—
Whiter or others ——

BMI (kg/m*2)

<30 ——

230 —
Hypertension

No ——

Yes ——

Diabetes

No ——

Yes ———

0.71 1.0 1.41 2.0

OR

1.199
1.118

1.100
1.293

1.256
1.119

1.290
1128

1.204
1.136

1.133
1.383

95% CI

(0.918, 1.565)
(0.980, 1.276)

(0.957, 1.264)
(1100, 1.519)

(0.895,1.761)
(0.995, 1.258)

(1.114,1.493)
(0.871,1.460)

(0.971, 1.493)
(0.997, 1.295)

(0.989, 1.297)
(1.140, 1.679)

P for interaction
0.646

0.105

0.520

0.333

0.645

0.075
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Variables

Total (n=32,938)

IHD (n =2,370)

non-IHD (n = 30,568)

Age (years) 46.48 (46.07, 46.89) 64.57 (6387, 65.27) 4537 (44.97, 45.76) <0001
Male (%) 48.79 (4831, 49.28) 59.87 (57.02, 62.66) 48.11 (47.58, 48.65) <0001
Race (%) <0.001

Mexican American 895 (791, 10.12) 595 (495, 7.14) 9.14 (8.08, 10.32)

Other Hispanic 674 (557, 8.12) 359 (254, 5.04) 693 (5.75, 8.33)

Non-Hispanic White 37.46 (3492, 40.07) 42.72 (3855, 46.99) 37.13 (3463, 39.71)

Non-Hispanic Black 873 (7.85, 9.70) 7.09 (5.87, 8.55) 8.83 (793, 9.83)

Others. 3812 (35.28, 41.05) 40.65 (3673, 44.70) 37.97 (35.10, 40.92)
PIR 302 (2.95, 3.08) 2,68 (257, 2.78) 3.04 (297, 3.10) <0001
Current smoking (%) 18.07 (1726, 18.92) 19.83 (17.74, 22.10) 17.97 (17.13, 18.83) 0094
Current drinking (%) 56.64 (55.00, 58.27) 53.90 (5070, 57.06) 56.81 (55.15, 58.45) 0052
Height (cm) 168.99 (168.82, 169.16) 168.35 (167.77, 168.92) 169.03 (168.86, 169.20) 0982
Weight (kg) 8183 (81.44, 82.23) 85.15 (84.03, 86.27) 8163 (81.23, 82.03) <0001
BMI (kg/m®) 2857 (2843, 28.71) 2991 (2957, 3025) 28.49 (28.35, 28.63) <0001
WC (cm) 98.08 (97.71, 98.44) 105.12 (104,30, 105.95) 97.64 (97.28, 98.01) <0001
SBP (mmHg) 122,19 (121.82, 122.56) 129.82 (128,68, 130.96) 121.72 (121,37, 122.08) <0.001
DBP (mmHg) 7085 (70.50, 71.21) 67.23 (6650, 67.96) 71.08 (7073, 71.43) <0001
FPG (mmol/L) 542 (539, 5.45) 624 (6.11, 6.36) 5.36 (534, 5.39) <0001
TC (mmol/L) 5.11 (5.09, 5.13) 483 (476, 491) 512 (5.10, 5.15) <0001
TG (mmol/L) 170 (1.67, 1.72) 195 (1.87, 203) 1.68 (1.65, 1.71) <0001
GGT (U/L) 28.08 (27.54, 28.63) 32.25 (3072, 33.77) 27.83 (27.25, 28.41) <0001
Ser (umol/L) 77.60 (77.14, 78.06) 92.55 (9024, 94.87) 76.69 (76.23, 77.15) <0.001
Anti-hypertensive therapy (%) 2420 (2335, 25.07) 64.57 (6196, 67.09) 21.72 (2095, 22.52) <0001
Anti-diabetic therapy (%) 646 (6.12, 681) 21.38 (1932, 23.60) 5.54 (523, 5.87) <0001
Lipid-lowering therapy (%) 14.40 (1378, 15.04) 5402 (5110, 56.92) 11.97 (11.42, 12.54) <0001
Hypertension (%) 31.94 (30.98, 32.91) 7056 (67.97, 73.03) 29.57 (28.65, 30.59) <0001
Diabees (%) 996 (953, 10.40) 28.15 (2599, 3042) 8.84 (8.44,9.27) <0001
FLI 51.35 (50.64, 52.06) 64.36 (6284, 65.88) 50.55 (49.82, 51.27) <0001

Data were summarized as mean (95% confidence intervals) or numbers (95% confidence intervals) according to their data type. IHD, ischemic heart disease; PIR, poverty-
income ratio; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; TC, total
cholestencl TG, trigivoerides: CIT. p~ghstarrliransierase: Sor: serum cresting: FLI. Tty losr: inideo
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Variables All patients Weight loss Weight stability Weight gain

(N =1,758) (n=434) (n=933) (n=391)
Age, years 63.71 (9.39) 63.69 (9.52) 64.05 (9.32) 62.90 (9.40) 0.123
Sex
Male 768 (43.7%) 183 (42.2%) 415 (44.5%) 170 (43.5%) 0721
Female 990 (56.3%) 251 (57.8%) 518 (55.5%) 221 (56.5%)

Education level
No formal education 575 (32.7%) 171 (39.4%) 288 (30.9%) 116 (29.7%) 0.003
Primary school and above 1,183 (67.3%) 263 (60.6%) 645 (69.1%) 275 (70.3%)

Place of residence
Rural 1,142 (65.0%) 294 (67.7%) 574 (61.5%) 274 (70.1%) 0.004

Urban 616 (35.0%) 140 (32.3%) 359 (38.5%) 117 (29.9%)

7 Marital status

Married 1,441 (82.0%) 357 (82.3%) 764 (81.9%) 320 (81.8%) 0.984
Others 317 (18.0%) 77 (17.7%) 169 (18.1%) 71 (18.2%)

Living relationships
Living alone 220 (12.5%) 41 (9.4%) 127 (13.6%) 52 (13.3%) 0.083
Living with a partner 1,538 (87.5%) 393 (90.6%) 806 (86.4%) 339 (86.7%)

Smoking status
Current smoking 300 (17.1%) 78 (18.0%) 152 (16.3%) 70 (17.9%) 0.657
Others 1,458 (82.9%) 356 (82.0%) 781 (83.7%) 321 (82.1%)

Alcohol drinking
Regular drinking 193 (11.0%) 37 (8.5%) 115 (12.3%) 41 (10.5%) 0.105
Others 1,565 (89.0%) 397 (91.5%) 818 (87.7%) 350 (89.5%)

Household income, CNY

<3,000 per month 1,293 (73.8%) 332 (76.9%) 672 (72.1%) 289 (74.3%) 0173
23,000 per month 460 (26.2%) 100 (23.1%) 260 (27.9%) 100 (25.7%)
Baseline BMI, kg/m* 24.36 (3.36) 24.63 (3.29) 24.64 (3.41) 23.39 (3.16) <0.001

BML body mass index. Weight gain was defined as an increase of 23% in body weight, and weight loss was defined as a decrease of 3% in body weight. Weight stability was defined as having a
weight change of <3% in body weight during the study period.
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Data are presented, median (interquartile range), or number (percentage). BMI, body mass index; WC, waist circumference; BRI, body roundness index.
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Model 1 Model 2 Model 3

95%Cl 95%Cl = 95%Cl

All-cause mortality

Q1(2.03-2549) 1(Ref) 1(Ref) 1(Ref)

Q2282-3.11) 0.7 083,092 <0.001 097 092,102 0214 0.96 092,101 0.158
Q3(3.36-3.67) 079 075,084 <0001 091 0.86,0.96 <0.001 091 0.86,0.96 <0.001
Qa(4.09-4.91) 087 083,092 <0.001 095 090,0.99 0036 095 089,099 0,039
Poent <0001 0.008 0010
Low-stable 1(Ref) 1(Ref) 1(Ref)

Moderate-stable 117 112,123 <0.001 118 113,123 <0.001 118 113,124 <0001
High-stable 209 199,219 <0.001 174 16,182 <0001 174 166,182 <0.001
CVD mortality

QI(2.03-254) 1(Ref) 1(Ref) 1(Ref)

Q282-3.11) 083 077,089 <0.001 092 0.86,099 0.027 092 0.86,098 0018
Q3(3.36-3.67) 081 076,087 <0001 093 087,101 0.056 093 087,099 0.043
Q4(4.09-491) 091 084,097 0.006 0.98 091,105 0.597 098 091,105 0532
Port 0.009 0675 0617
Low-stable 1(Ref) 1(Ref) 1(Ref)

Moderate-stable 109 103,116 0.004 L1 105, 118 <0.001 112 105,118 <0001
High-stable 194 182,207 <0.001 164 153,175 <0.001 164 153,175 <0.001

Data were showed by HR, 95% Cl and Pvalue. Model 1: Unadjusted. Model 2: Adjusted for age and gender. Model 3: Adjusted for age, gender, smoking, alcohol consumption, and physical
activity. QI: Ist Quartiles; Q2: 2nd Quartiles; Q3: 3rd Quartiles; Q4: 4th Quartiles. Q1 to Q4 are the quartiles of BRI at baseline,
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Mean + SD

T1 (n = 66) T2 (n = 65) T3 (n = 66)
Energy intake (kcal/d) 2,406.0 +753.3 2,785.5+731.8 27155+ 658.3 0.041 -
Macronutrients
Protein (g/d) 80.6+34.8 92.8427.2 97.8+22.6 0.028 0.189
Carbohydrate (g/d) 309.9£93.6 393.0 £ 107.6 4224 £1220 <0.001 <0.001
Total fat (g/d) 100.0 £ 35.6 103.1 £ 354 80.8 +20.4 0.006 <0.001
Micronutrients
Cholesterol (mg/d) 258.3 % 144.8 261.0 & 104.9 2209 +64.9 0233 0.006
SFA (g/d) 315+ 151 280£9.7 23.1£56 0.006 <0.001
MUEA (g/d) 350133 3324115 264470 0.003 <0.001
Linoleic acid (g/d) 18.5+8.6 190 £89 151 £54 0.079 0.007
Linolenic acid (g/d) 1205 12406 1106 0.684 0.170
Fe (mg/d) 156 +49 200457 215458 <0.001 <0.001
Calcium (mg/d) 1,011.7 4 399.8 1,192.1  398.2 1,295.8 = 365.4 0.006 0.039
Mg (mg/d) 386.5 % 134.4 479.5 % 126.0 5317 + 1416 <0.001 <0.001
Zn (mg/d) 11.4£43 13.6+£42 144 £40 0.006 0.025
Selenium (mg/d) 1022314 129.7 422 1350 £ 539 0.001 0.029
Vitamin A (RAE/d) 713.0 £ 460.7 837.2 £ 365.9 838.6 £343.7 0.262 0.889
B carotene 4,591.3 £ 3,540.6 54165+ 2,478.6 6,361.9 £ 3,234.0 0.048 0.195
Vitamin D (ng) 15£12 23+ 16 2217 0.049 0.226
Vitamin E (mg) 1824 107 19.1£96 156 £6.0 0248 0.126
Thiamin (mg) 1.8£05 2.1£05 23£07 0.001 <0.001
Vitamin B (mg) 19407 22£06 23£05 0.009 0.074
Folate (ng/d) 522.3 4 147.7 614.4 % 168.4 713241837 <0.001 <0.001
Vitamin By, (g/d) 42%19 48429 41%15 0294 0302
Total fiber (g/d) 34.7£150 465+ 159 55.1£174 <0.001 <0.001
Food groups
Refined grain (g/d) 352.8 & 1489 456.9 4 234.7 494.0 2763 0.015 0.068
Whole grain (g/d) 42£48 6.1£9.1 124151 0.002 0.009
Fruits (g/d) 359542152 585.7 & 312.9 590.1 % 337.9 <0.001 0.009
Vegetables (g/d) 343242303 486.7 +234.2 549.8 4 267.2 0.001 0.011
Nuts (g/d) 137+17.6 154%17.1 1734187 0.677 0.621
Dairy (g/d) 319.0 £ 205.7 404.3 £ 225.5 432.3 +227.6 0.059 0.213
Legumes (g/d) 46.1£27.1 45.6£35.3 77.4£56.6 0.001 0.002

MUEFA, monounsaturated fatty acid; SFA, saturated fatty acid.

Values are mean = standard deviation (SD) for continuous variables. Using one-way ANOVA for continuous variables and Chi-square test for categorical variables.
*Adjusted for energy intake.

Bold values indicate P-value < 0.05 significant.
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T1 (n = 66) T2 (n = 65) T3 (n = 66)

95% Cl 95% Cl
BMI (kg/m?)
Crude model Ref —0.059 (~1.621,1.504) 0.941 0.137 (~1.492, 1.766) 0.869 0.876
Model 1 0.127 (~1.504, 1.758) 0.879 0543 (~1.303, 2.389) 0.564 0575
Model 2 0297 (~1.305, 1.898) 0716 0.140 (—1.684, 1.964) 0.880 0.854
BEM
Crude model Ref 0346 (—2.854,3.546) 0.832 0.036 (~3.300,3.372) 0.983 0.973
Model 1 0.760 (~2.582,4.102) 0.656 1.290 (~2.494,5.073) 0.504 0.498
Model 2 1.049 (—2.209,4.306) 0.528 0510 (3201, 4.220) 0.788 0744
WHR
Crude model Ref —0.001 (=0.022,0.021) 0.956 —0.008 (~0.031,0.014) 0.476 0.488
Model 1 0.001 (=0.021,0.023) 0.955 —0.007 (~0.032,0.018) 0.580 0.605
Model 2 0.000 (~0.022,0.022) 0982 —0.014 (—0.039,0.011) 0.073 0.047
WC (em)
Crude model Ref 0407 (—3.446,4.259) 0.836 —0.233 (—4.250,3.783) 0.909 0.922
Model 1 0546 (3452, 4.544) 0.789 0.873 (~3.653, 5.399) 0.705 0.700
Model 2 0585 (3381, 4.550) 0773 —0.424 (~4.940, 4.093) 0.854 0.890
FBS (mmol/L)
Crude model Ref -2532 (~6.753,1.689) 0240 —2.673 (~6.968, 1.623) 0.223 0.206
Model 1 ~2.536 (=7.001,1.929) 0.266 —1.793 (~6.674, 3.088) 0.471 0.421
Model 2 -3.024 (~7.688, —1.641) 0.034 —1.358 (~6.517, 3.802) 0.606 0.508
Cholesterol (mmol/L)
Crude model Ref -3721 (~17.970,0.528) 0.609 0.852 (~13.647, 15.350) 0.908 0.945
Model 1 4974 (=9.151, 19.098) 0.490 6303 (=9.138, 21.743) 0.424 0.405
Model 2 1375 (—12.885, 15.635) 0.850 2.802 (~12.972, 18.576) 0.728 0.726
TG (mmol/L)
Crude model Ref —10.899 (—38.885, 17.086) 0.445 0.792 (~27.950,29.533) 0.957 0.986
Model 1 —1810 (—30.306, 26.687) 0.901 —1.063 (—32.386,30.261) 0.947 0938
Model 2 —2.012 (-31.141,27.117) 0.892 —6.222 (—38.58,9 26.144) 0.706 0712
HDL (mmol/L)
Crude model Ref 1.294 (2967, 5.555) 0.552 —0.326 (—4.662, 4.010) 0.883 0.925
Model 1 2453 (~1.995,6.901) 0.180 2.429 (~2.433,7.292) 0.328 0.196
Model 2 3306 (0.004,7.707) 0.161 3513 (~0.354,8.381) 0.157 0.147
LDL (mmol/L)
Crude model Ref —4.381 (—14.187, 5.425) 0.381 —2452 (~12.431,7.526) 0.630 0595
Model 1 1.039 (—8.633,10.711) 0.833 2247 (—8.326, 12.820) 0.677 0.677
Model 2 0.809 (—8.462, 10.080) 0.864 —1.485 (=11.739, 1.770) 0.077 0.812
SBP
Crude model Ref —0.387 (~6.131,5.357) 0.895 0.902 (~5.089, 6.892) 0.768 0.783
Model 1 0.036 (~6.050,6.123) 0.991 0.237 (~6.664,7.137) 0.946 0.948
Model 2 0941 (~5321,7.208) 0.768 —0.080 (~7.208, 7.048) 0.982 0.989
DBP
Crude model Ref —2.138 (~6.123,1.847) 0.293 —1.103 (~5.259, 3.053) 0.603 0.567
Model 1 -1277 (—5.453,2.898) 0.549 —0.983 (~5.717,3.751) 0.684 0.655
Model 2 —0.634 (=5.009, 3.742) 0.777 —1.036 (~6.016,3.944) 0.684 0.677
ABSI
Crude model Ref 3237 (=0.001,0.001) 0.960 —0.001 (~0.002, 0.001) 0.370 0.383
Model 1 —8239 (=0.001,0.001) 0.901 —0.001 (~0.002, 0.001) 0.487 0.503
Model 2 0.000 (~0.002,0.001) 0731 —0.001 (~0.002, 0.001) 0.325 0335
AIP
Crude model Ref —0.063 (=0.170, 0.000) 0.050 —0.005 (~0.115,0.105) 0.933 0.855
Model 1 —0.045 (~0.156, 0.065) 0.423 —0.051 (=0.172,0.071) 0.414 0.388
Model 2 —0.049 (~0.158, 0.060) 0.378 —0.086 (=0.207, —0.006) 0.126 0.027
CRI_I
Crude model Ref —0.169 (—0.583,0.244) 0.422 0.113 (—0.308, 0.533) 0.599 0.661
Model 1 —0.063 (~0.496,0.370) 0.175 0.026 (~0.447, 0.499) 0714 0.945
Model 2 —0.197 (~0.609, 0.015) 0.119 0.122 (~0.578,0.334) 0.600 0533
CRI_II
Crude model Ref —0.150 (~0.432,0.131) 0296 —0.007 (~0.293,0.280) 0.964 0.900
Model 1 —0.073 (~0.363,0.217) 0.120 —0.008 (~0.325,0.309) 0.961 0918
Model 2 —0.104 (~0.378,0.101) 0.059 —-0.123 (~0.427, 0.180) 0.426 0.397
CHOLIndex
Crude model Ref —5.675 (—15.784,0.034) 0.091 —2.127 (~12.412, 8.159) 0.685 0.634
Model 1 —1414 (—11.637,0.809) 0.066 —0.182 (—11.358, 10.994) 0.975 0.951
Model 2 —2.497 (—12.080, 7.085) 0.610 —4.998 (~15.597,0.000) 0.055 0.031
TyG
Crude model Ref —0.140 (~0.367,0.007) 0.066 —0.048 (—0.281,0.185) 0.684 0.620
Model 1 —0.079 (0307, 0.048) 0.074 —0.086 (~0.336,0.164) 0.501 0475
Model 2 —0.077 (~0.306,0.152) 0510 —0.144 (~0.398, 0.110) 0.077 0.260
TyG-BMI
Crude model Ref —5245 (~22.555, —1.065) 0.043 —1.668 (~19.441, 16.104) 0.854 0.821
Model 1 1.739 (—15.546, 19.024) 0.844 2.032 (~16.963,21.026) 0.834 0.825
Model 2 3617 (—13.388,20.622) 0.677 —4.186 (~23.128, 1.757) 0.085 0.736
TyG-WC
Crude model Ref —31.464 (~91.980, —9.052) 0.038 —13.835 (—68.512, 40.842) 0.620 0.564
Model 1 —10.284 (~71.397,0.030) 0.052 —1.135 (~62.779, 60.510) 0.971 0.136
Model 2 ~25579 (—80.893,29.735) 0.365 —54.768 (~110.920, 1.384) 0.056 0.054
LAP
Crude model Ref —8.149 (—25.671,9.374) 0.362 4717 (~12.962, 22.396) 0.601 0.669
Model 1 0915 (~15.986, 17.816) 0916 8.107 (~10.333, 26.547) 0.389 0413
Model 2 1.724 (—15.822, 19.269) 0.847 2747 (~16.554, 22.048) 0.780 0773
AC
Crude model Ref —0.169 (—0.583,0.244) 0.422 0.113 (—0.308,0.533) 0.599 0.66
Model 1 —0.063 (—0.496,0.370) 0775 0.026 (—0.447,0.499) 0914 0.945
Model 2 —0.197 (—0.609, 0.215) 0349 —0.122 (~0.578,0.334) 0.600 0533

ABSI, a body shape index; AC, atherogenic coefficient; AIP, atherogenic index of plasma; BEM, body fat mass; BMI, body mass index; CI, confidence interval; CRI-I, Castelli risk index 1; FBS, fasting blood sugar; HDL, high-density lipoprotein; LAP, lipid accumulation
product; LDL; low-density lipoprotein; TG, triglyceride; TyG, Triglyceride-glucose index; WC, waist circumference; WHR, waist-hip ratio.

Binary logistic regression was used.

Model I: adjusted for age, physical activity, energy intake, and BMI Note: BMI as a colinear variable was not adjusted for BMI, BEM, WHR, WC, TyG-BMI, Tyg-WC, LAP, and ABSI.

Model 2: adjusted for model 1 further with education, socioeconomic status, and supplement use.

Bold values indicate P-value < 0.05 significant.
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Baseline nges during 2020-2021 Correlation with weight change

Mean + SD N Mean (95%Cl)
Weight, kg 1,758 59.79 £ 10.44 1,758 -0.02 (-0.15, 0.11)
HbAlc, % 1,658 7.98 £2.39 1,503 -0.95 (-1.07, -0.84)1 0.0961
LDL cholesterol, mmol/L 1,659 224 +078 1,505 0.26 (0.22, 0.30)F 0.070*
HDL cholesterol, mmol/L 1,662 141 £ 0.65 1,508 -0.07 (-0.11, -0.03)1 -0.023
Triglycerides, mmol/L 1,662 219 +1.78 1,507 -0.09 (-0.17, -0.004)* 0.1331
Total cholesterol, mmol/L 1,662 528 £1.39 1,505 0.04 (-0.02, 0.11) 0.070*
Systolic BP, mmHg 1,752 14146 + 19.24 1,745 0.76 (-0.14, 1.66) 0.1361
Diastolic BP, mmHg 1,752 84.14 £ 11.18 1,743 -0.12 (-0.69, 0.45) 0.0831

* p<0.05, T p<0.001.
HbAIc, haemoglobin Alc; LDL, low-density lipoprotein; HDL, high-density lipoprotein; BP, blood pressure.
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Variables Mean SD

ABSI 0.078 0.002
AIP 0.348 0235
TYG 8.376 0.498
CHOLINDEX 50.240 22.166

ABSI, a body shape index; AIP, Atherogenic index of plasma; TyG, triglyceride glucose index.

All data are presented as mean and SD.
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65) T3 (n = 66)
Age (year) 352495 33.9476 37.8+74 0.118 0.011
Physical activity (MET/h/w) 7332+ 620.4 808.2 + 676.4 1,551.6 & 1,618.7 0.002 <0.001
Anthropometric measurements
Weight (kg) 775£10.7 80.0£ 115 788 £11.1 0.587 0.503
Height (cm) 159.4+£49 161.8 £ 6.0 160.2 £ 6.3 0.166 0.245
WC (cm) 110.8 £7.2 111.4£7.0 1125+ 78 0.707 0.650
Socioeconomic status 0.556 0.692
Poor 14(21.2) 11 (16.9) 13 (19.6)
Moderate 21(31.8) 32(49.2) 28 (42.4)
Good 31(46.9) 22(33.8) 25(37.8)
Occupation status 0.415 0.560
Unemployed 3(4.5) 0(0.0) 0(0.0)
Employed 63(95.4) 65 (100.0) 66 (100.0)
Marital status 0.583 0.176
Single 17 (25.7) 11 (16.9) 14(21.2)
Married 49 (74.2) 54 (83.0) 52(78.7)
Education status 0.793 0.710
Under diploma 6(9.0) 5(7.6) 3(4.5)
Diploma 19(28.7) 22(33.8) 18(27.2)
Bachelor and higher 41 (62.1) 38(58.4) 45 (68.1)
Supplement use® 0.870 0.670
Yes 45 (68.1) 47 (72.3) 43 (65.1)
No 21(31.8) 19(29.2) 23(34.8)

DQI, diet quality index; WC, waist circumference.
Values are mean = standard deviation (SD) for continuous variables and number and percentage for dichotomous variables. Using one-way ANOVA for continuous variables and Chi-square
test for categorical variables.

*P-value: adjusted for age, energy intake, BMI, and physical activity.

The categorical variables were reported in n (%).

$Multivitamins and minerals supplements were considered.

Bold values indicate P-value < 0.05 significant.
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Variables All patients Weight loss Weight stability Weight gain

(N =1,758) (n=434) (n=933) (n=391)

Duration of T2DM
<10 years 1,288 (73.3%) 319 (73.5%) 680 (72.9%) 289 (74.1%) 0.896
210 years 469 (26.7%) 115 (26.5%) 253 (27.1%) 101 (25.9%)

Presence of hypertension

Yes 725 (41.2%) 192 (44.2%) 397 (42.6%) 136 (34.8%) 0011

No 1,033 (58.8%) 242 (55.8%) 536 (57.4%) 255 (65.2%)

Presence of CV disease
Yes 244 (13.9%) 61 (14.1%) 125 (13.4%) 58 (14.8%) 0.783
No 1,514 (86.1%) 373 (85.9%) 808 (86.6%) 333 (85.2%)

Use of antihypertensive drugs

Yes 618 (35.2%) 163 (37.6%) 339 (36.3%) 116 (29.7%) 0.033
No 1,140 (64.8%) 271 (62.4%) 594 (63.7%) 275 (70.3%)

Use of oral hypoglycaemic drugs
Yes 1,304 (74.2%) 329 (75.8%) 692 (74.2%) 283 (72.4%) 0.532
No 454 (25.8%) 105 (24.2%) 241 (25.8%) 108 (27.6%)

Use of insulin

Yes 179 (10.2%) 34 (7.8%) 107 (11.5%) 38 (9.7%) 0111

No 1,579 (89.8%) 400 (92.2%) 826 (88.5%) 353 (90.3%)

T2DM, type 2 diabetes mellitus; CV, cardiovascular. Weight gain was defined as an increase of 3% in body weight, and weight loss was defined as a decrease of 3% in body weight. Weight
stability was defined as having a weight change of <3% in body weight during the study period.





