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Editorial on the Research Topic 


Diabetes and mental health: from understanding biomedical and social determinants, to promoting wellness in diabetes


Diabetes and mental health disorders are health priorities worldwide, with mounting evidence demonstrating their intertwined connection. In particular, the association between diabetes and depression is frequently reported. Both conditions are highly prevalent, have been on the rise globally, and are main causes of morbidity and mortality (1, 2). Data from clinical and community studies consistently report a complex co-morbidity between diabetes and depression; people with depression have higher rates of type 2 diabetes (3), and conversely, people with diabetes are found to be twice more likely to have depression (4).

The 13 articles included in this Research Topic highlight novel and different facets of the emergence, progression, and outcomes of the diabetes-mental health connection. The articles span investigations of both hypothesized temporal relationships of this co-morbidity, its consequences on management, complications, and well-being, as well as its intersection with other disorders and risk factors.

The work of Sanchez-Carro et al., Huang et al., and Mishra et al., examines the potential role of depression and psychosocial factors in influencing the risk for diabetes and dysglycemia. Investigating metabolic disease development in a prospective Greek cohort (n=755), Sanchez-Carro et al. found that participants with both depression and anxiety had more pronounced inflammation profiles at baseline, and that participants with depression had a higher risk for developing diabetes over the next ten years. Mishra et al. reported that participants with more severe depressive symptoms had higher glycemic variability in a single-center pilot study involving flash glucose monitoring in individuals with depression and without diabetes. Huang et al., examined diabetes trends in the US from 2005 to 2018 and the contribution of 31 modifiable and non-modifiable risk factors using data from the National Health and Nutrition Examination Survey. Their findings showed increases in diabetes prevalence from 12.2% in 2005-2006 to 17.1% in 2017-2018 and that changes in biological, demographic, anthropometric, psychosocial, and genetic domains accounted for these increasing trends by 46.2%, 41.5%, 35.3%, 21.3%, and 17.3%, respectively. These findings from diverse populations and settings suggest that adverse mental health experiences are associated with higher risk for diabetes and glycemic variability; they also underline that this association spans multiple mental health conditions, psychosocial factors, and health indicators.

In parallel, five studies published in this Research Topic are in support of the hypothesis that diabetes is related to the occurrence of mental health conditions. The cross-sectional study by Yadav et al. on 1125 emerging adults with diabetes, as part of the National Health and Nutrition Examination Survey, found that a major depressive episode was more likely to occur among ethnic minorities and among women. Depression and anxiety were also more common in certain specific settings such as the post-partum period, as demonstrated by Zeng et al. in a sample of 406 women with or without gestational diabetes (GDM). The women with GDM reported higher anxiety 42 days after delivery in a self-reported questionnaire. Similar associations were reported in a meta-analysis by Jin et al., which included 10 studies on women with GDM. Depression was more common among women with GDM as compared to those without GDM across multiple countries and in prospective and retrospective study designs. Furthermore, it was more common in low- and middle-income countries, as compared with high income countries. Together, these findings highlight that depression and anxiety are more prevalent with diabetes among minorities, women, lower socioeconomic status, and specific settings, and underscore that common determinants between both conditions can be psychosocial and socioeconomic/environmental in nature. Other articles suggest that physiologic processes may also play a role. Chamseddine et al., found different associations between mental health and fasting blood glucose (FBG) and hemoglobin A1c (HbA1c) levels depending on the range examined, with only increases in levels in the range consistent with diabetes (≥126 mg/dl and ≥6.5%, respectively) showing patterns of associations with higher depression and anxiety symptoms. This suggests a differential shift in mental health risk in the clinical spectrum of glycemic indicators. In a systematic review and meta-analysis by Shea et al., pooling 31 studies of 2.1 million adults with nonalcoholic fatty liver disease (NAFLD), the presence of depression and anxiety was 26.3% and 37.2% more likely to occur, respectively. NAFLD is a silent clinical condition closely associated with type 2 diabetes and shares its common risk factors such as inflammation, insulin resistance, and genetic predisposition. These findings highlight the importance of early detection and better characterization of processes underlying the transition towards diabetes development and its implications for mental health. Further investigating the co-occurrence of mental health symptoms in the context of diabetes, Zhang et al., present cross-sectional networks of depressive and anxiety symptoms among 1,685 older adults with diabetes (unspecified type) from the 2017–2018 wave of the Chinese Longitudinal Healthy Longevity Survey (CLHLS). They found that “Feeling blue/depressed”, “Nervousness or anxiety”, “Uncontrollable worry”, “Trouble relaxing”, and “Worry too much” were the most central symptoms and might therefore contribute most to the development and maintenance of depression and anxiety, and that symptoms related to “Nervousness or anxiety” and “Everything was an effort” were the strongest nodes to bridge together symptoms of anxiety with symptoms of depression.

In addition to improving our understanding of their emergence and temporal link, data on the progression and implications of diabetes and mental health co-morbidities are critical to guide informed treatment and management strategies. The studies by Yeung et al. and Schmitz et al. investigate downstream complications of this co-morbidity. Using 6-year prospective data from the Hong Kong Diabetes Register (2013–2019), Yeung et al., found that elevated depressive symptoms were associated with incident cardiovascular disease, ischemic heart disease, and all-cause mortality in 4525 Chinese patients with diabetes, accounting for health-related quality of life and self-care factors. The study by Schmitz et al., reported an interaction between depression and high ultra-processed food consumptions in a prospective cohort of middle-aged adults with type 2 diabetes, wherein participants with a combination of elevated depressive symptoms or antidepressant use and high ultra-processed food consumption were at higher risk of new-onset diabetes-related microvascular and macrovascular complications. Both studies document associations of high magnitude (over double the risk of complications), underlining the potentially severe and important sequela of depression-diabetes co-morbidity and its interplay with daily health-related behaviors and other disease processes.

This Research Topic also includes work that examines instruments for assessing psychological barriers to treatment and the impact of newer diabetes management technologies. Improving tools assessing psychological barriers to treatment and diabetes-related distress, depression, and other mental health conditions, and adapting them to different populations and settings, is instrumental for better patient care. The development and psychometric assessment of the Chinese Barriers to Insulin Treatment Questionnaire (BIT-C) by Ma et al. is a good example of the importance of such efforts. The associations between progress in diabetes technology and improvements in mental health and wellbeing was demonstrated by Cyranka et al. who reported improvements in the quality of life and wellbeing of 18 adults with type 1 diabetes approximately one year following a switch from multiple daily injections and self-monitoring of blood glucose to the advanced hybrid closed-loop system. Participants were previously naïve to modern diabetes technologies and improvements included increases in life satisfaction, self-esteem, and well-being, and self-efficacy, and decreases in anxiety.

In conclusion, the articles included in this Research Topic are a collection of efforts from around the world to better understand the diabetes-mental health connection, its underlying causal pathways, manifestations, and implications for health and treatment outcomes. Together, the articles put forward future research opportunities and directions emphasizing the value of investigating each of these conditions’ building blocks and trajectories, with more diversified and at-risk populations, and their interplay with sociodemographic, biological, and health-related factors.




Author contributions

ME: Writing – original draft, Writing – review & editing. SD: Writing – original draft, Writing – review & editing. HA: Writing – review & editing. MN: Writing – original draft, Writing – review & editing.





Conflict of interest

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





References

1. Malhi, GS, and Mann, JJ. Depression. Lancet. (2018) 392:2299–312. doi: 10.1016/S0140-6736(18)31948-2

2. World Health Organization. World Health Statistics 2024 (2024). Available online at: https://iris.who.int/bitstream/handle/10665/376869/9789240094703-eng.pdf?sequence=1. (accessed October 15, 2024).

3. Graham, EA, Deschênes, SS, Khalil, MN, Danna, S, Filion, KB, and Schmitz, N. Measures of depression and risk of type 2 diabetes: A systematic review and meta-analysis. J Affect Disord. (2020) 265:224–32. doi: 10.1016/j.jad.2020.01.053

4. Farooqi, A, Gillies, C, Sathanapally, H, Abner, S, Seidu, S, Davies, MJ, et al. A systematic review and meta-analysis to compare the prevalence of depression between people with and without Type 1 and Type 2 diabetes. Prim Care Diabetes. (2022) 16:1–10. doi: 10.1016/j.pcd.2021.11.001




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

Copyright © 2024 Elbejjani, Deschênes, Ahmadieh and Nasrallah. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.











	
	TYPE Original Research
PUBLISHED 04 May 2023
DOI 10.3389/fpubh.2023.1174632






Quantifying the contribution of 31 risk factors to the increasing prevalence of diabetes among US adults, 2005–2018

Yue Huang, Yaqing Xu, Yongxia Qiao, Hui Wang* and Victor W. Zhong*

School of Public Health, Shanghai Jiao Tong University School of Medicine, Shanghai, China

[image: image2]

OPEN ACCESS

EDITED BY
Wenzhen Li, Huazhong University of Science and Technology, China

REVIEWED BY
Xiao Zhang, Tsinghua University, China
 Shunming Zhang, Xi'an Jiaotong University Health Science Center, China

*CORRESPONDENCE
 Victor W. Zhong, wenze.zhong@shsmu.edu.cn
 Hui Wang, huiwang@shsmu.edu.cn

RECEIVED 26 February 2023
 ACCEPTED 31 March 2023
 PUBLISHED 04 May 2023

CITATION
 Huang Y, Xu Y, Qiao Y, Wang H and Zhong VW (2023) Quantifying the contribution of 31 risk factors to the increasing prevalence of diabetes among US adults, 2005–2018. Front. Public Health 11:1174632. doi: 10.3389/fpubh.2023.1174632

COPYRIGHT
 © 2023 Huang, Xu, Qiao, Wang and Zhong. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Introduction: No study has comprehensively quantified the individual and collective contributions of various risk factors to the growing burden of diabetes in the United States.

Methods: This study aimed to determine the extent to which an increase in the prevalence of diabetes was related to concurrent changes in the distribution of diabetes-related risk factors among US adults (aged 20 years or above and not pregnant). Seven cycles of series of cross-sectional National Health and Nutrition Examination Survey data between 2005–2006 and 2017–2018 were included. The exposures were survey cycles and seven domains of risk factors, including genetic, demographic, social determinants of health, lifestyle, obesity, biological, and psychosocial domains. Using Poisson regressions, percent reduction in the β coefficient (the logarithm used to calculate the prevalence ratio for prevalence of diabetes in 2017–2018 vs. 2005–2006) was computed to assess the individual and collective contribution of the 31 prespecified risk factors and seven domains to the growing burden of diabetes.

Results: Of the 16,091 participants included, the unadjusted prevalence of diabetes increased from 12.2% in 2005–2006 to 17.1% in 2017–2018 [prevalence ratio: 1.40 (95% CI, 1.14–1.72)]. Individually, genetic domain [17.3% (95% CI, 5.4%−40.8%)], demographic domain [41.5% (95% CI, 24.4%−76.8%)], obesity domain [35.3% (95% CI, 15.8%−70.2%)], biological domain [46.2% (95% CI, 21.6%−79.1%)], and psychosocial domain [21.3% (95% CI, 9.5%−40.1%)] were significantly associated with a different percent reduction in β. After adjusting for all seven domains, the percent reduction in β was 97.3% (95% CI, 62.7%−164.8%).

Conclusion: The concurrently changing risk factors accounted for the increasing diabetes prevalence. However, the contribution of each risk factor domain varied. Findings may inform planning cost-effective and targeted public health programs for diabetes prevention.

KEYWORDS
trends, prevalence, diabetes, risk factors, contribution


Introduction

Diabetes is a growing health concern as a leading cause of mortality and disability (1). Among US adults, the estimated prevalence of diabetes has increased dramatically in recent decades, reaching 14.7% in 2019 (2). Diabetes posed a colossal economic burden, including $237 billion in direct medical costs and $90 billion in lost productivity in 2017 in the United States (3). Hence, understanding factors contributing to the increasing prevalence of diabetes is critical for devising public health interventions for the prevention of diabetes.

Diabetes is a complex multifactorial disease. The growing prevalence of diabetes likely results from temporal changes in both genetic and more substantially non-genetic factors. The increasing prevalence of diabetes coincides with the changing prevalence of certain risk factors for diabetes among US adults. The prevalence of general and abdominal obesity has continued to increase since 1999 (4–7). Accumulating evidence links psychosocial factors, such as depression, long work hours, and sleep disturbance, with diabetes (8, 9). US adults with psychosocial distress have been a growing population (10, 11). Changes in demographic composition due to birth, death, and migration are in part responsible for the rising prevalence of diabetes (12). Social determinants of health (SDOH) are strong predictors of diabetes, and specific dimensions of SDOH, such as health insurance coverage and food security, levels have changed since 1999 (13, 14). Furthermore, many risk factors of diabetes commonly co-occur within an individual (15). However, no study has comprehensively quantified the individual and collective contribution of various risk factors to the growing burden of diabetes in the United States. The lack of quantitative understanding of major contributing risk factors presents significant challenges for devising cost-effective and targeted public health interventions to reverse the trends in the prevalence of diabetes.

Using data from the National Health and Nutrition Examination Survey (NHANES), the primary objective of this study was to determine the extent to which the increase in the prevalence of diabetes between 2005–2006 and 2017–2018 was related to concurrent changes in the distribution of a wide range of risk factors individually and collectively among US adults.



Materials and methods


Data collection

NHANES, as a multistage, nationally representative survey of the US non-institutionalized civilian population, has been conducted in 2-year cycles since 1999–2000 (16). Data were collected during in-home interviews and study visits at mobile examination centers. Seven cycles between 2005–2006 and 2017–2018 were included because important risk factors reflecting mental health, sleep habits, and disorders were not collected until 2005–2006. Participants aged 20 years or above were included except pregnant women. Written informed consent was obtained from each participant. This study was approved by the Shanghai Jiao Tong University School of Medicine Public Health and Nursing Research Ethics Review Committee.



Definition of diabetes

Consistent with the previous NHANES studies, diabetes was defined as having a self-reported diabetes diagnosis, a fasting plasma glucose level of 126 mg/dl or more, or a hemoglobin A1c level of 6.5% or more (17).



Domains of risk factors for diabetes

Based on the literature review and data accessibility, a range of risk factors were included and categorized into seven domains: genetic, demographic, SDOH, lifestyle, obesity, biological, and psychosocial domains.


Genetic domain

As a proxy for genetic predisposition, family history of diabetes (yes/no) was self-reported through the question “Including living and deceased, were any of your blood relatives, including father, mother, sisters, or brothers, ever told by a health professional that they had diabetes?”



Demographic domain

Demographic variables included age in years, sex (male/female), and race/ethnicity. Race and ethnicity were self-reported based on fix-category questions and categorized as non-Hispanic White, non-Hispanic Black, Hispanic, and other.



SDOH domain

SDOH included marital status, education, income, employment status, country of birth, health insurance type, healthcare access, food security, and number of people living in the household. Marital status was grouped into married, widowed, divorced, separated, never married, and living with a partner. Education level was categorized as less than high school, high school graduate, some college, and college graduate or above. The ratio of family income to poverty was calculated by dividing self-reported family income by the Department of Health and Human Services' poverty guidelines, specific to the family size, appropriate year, and state. Employment status included working at a job or business, with a job or business but not at work, looking for work, and not working at a job or business. Country of birth was recorded as born in the US or elsewhere. Health insurance type was defined as private (including any private health insurance, Medi-Gap, or single service plan), public only (including Medicare, Medicaid, State Children's Health Insurance Program, military healthcare, Indian Health Service, state-sponsored health plan, or other government insurance), and no insurance. Routine place to go for healthcare (yes/no) was used as a surrogate for healthcare access. Food security status was grouped into four categories: full food security, marginal food security, low food security, and very low food security (18). The total number of people in the household was self-reported and used as a continuous variable.



Lifestyle domain

Lifestyle variables included diet quality, physical activity, smoking status and amount, alcohol drinking status and amount, and sleep hours. The Healthy Eating Index 2015 (HEI-2015) was a measure of diet quality according to the 2015–2020 Dietary Guidelines for Americans (19). For physical activity, work-related physical activity was not collected before 2007. This study only included leisure-time physical activity. The minutes spent on the vigorous-intensity physical activity was multiplied by 2 and added to the minutes spent on the moderate-intensity physical activity in a typical week to create weekly minutes of moderate-intensity equivalent physical activity (20). Cigarette smoking status and alcohol consumption status were categorized as never, former, and current (21, 22). Daily cigarettes smoked were calculated using the number of smoking days during the past 30 days and the average number of cigarettes smoked on the smoking days. Daily drinks consumed was calculated using the number of drinking days during the past 12 months and the average number of alcoholic drinks consumed on the drinking days. Sleep hours at night on weekdays or workdays was self-reported and used as a continuous variable.



Obesity domain

Obesity variables included body mass index (BMI) and waist circumference. BMI was computed as weight in kilograms divided by height in meters squared.



Biological domain

Biological variables included systolic blood pressure, serum cholesterol, use of four antihypertensive medications associated with developing diabetes (23), and statin use. Systolic blood pressure was calculated by taking the mean of all available measurements. Total cholesterol and high-density lipoprotein cholesterol levels were measured using standard protocols based on the Centers for Disease Control and Prevention's Lipid Standardization Program. Currently taking prescribed angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, β blockers, thiazides, and statins were determined by trained interviewers who documented the product name from the medication containers. Other biological risk factors, including diastolic blood pressure, uric acid, and estimated glomerular filtration rate, were further contained in the alternative biological domain and evaluated separately in a sensitivity analysis because there is evidence that these factors could be bidirectionally associated with diabetes.



Psychosocial domain

Psychosocial variables included working hours, trouble sleeping, and depression symptoms. Hours worked last week was self-reported. Having trouble sleeping (yes/no) was assessed by the response to “Have you ever told a doctor or other health professional that you have trouble sleeping?” The Patient Health Questionnaire-9 was administered to assess the severity of depressive symptoms over the past 2 weeks. It had nine items with four response levels (not at all, several days, more than half the days, nearly every day) scoring from 0 to 3 for each, resulting in a total score of 0 (low depressive symptomatology) to 27 (high depressive symptomatology).




Statistical analysis

Proportions or means were estimated to describe the characteristics of participants, as appropriate for all risk factors. Logistic regressions for categorical risk factors and linear regressions for continuous risk factors were used to compute crude P-value for trend from 2005–2006 to 2017–2018 (24).

The previous study revealed a linear trend in prevalence of diabetes between 1999–2000 and 2017–2018 (17). The linear trend between 2005–2006 and 2017–2018 was confirmed in this study. Poisson regressions were used to estimate the prevalence ratio (PR) for prevalence of diabetes comparing 2017–2018 with 2005–2006 (25). The extent to which the increase in prevalence of diabetes between 2005–2006 and 2017–2018 was related to the pre-specified risk factors or risk factor domains was estimated by calculating percent reduction in the β coefficient for the survey cycle (2017–2018 vs. 2005–2006) on the log-scale. Percent reduction in the β coefficient was obtained by contrasting the two models under comparison: (βref−βadj)/βref×100%. βref was from the base model. βadj was from the model including one or more risk factors or risk factor domains compared with the base model. The 95% confidence intervals (95% CIs) were estimated by performing bootstrap resampling (n = 200) (26).

Modeling strategies were described as follows. First, to assess the contribution of individual risk factor domains, the model with adding each of the 31 risk factors was compared with the base model without including any risk factors. Second, to assess the contribution of individual risk factor domains, the model with adding each of the seven risk factor domains was compared with the aforementioned base model. Third, to assess the collective contribution of two or more risk factor domains, each of the seven risk factor domains was sequentially added to the previous model, until all seven domains were included simultaneously. According to the modifiability and etiological proximity of risk factors in regard to diabetes, genetic, demographic, SDOH, lifestyle, obesity, biological, and psychosocial domains were added sequentially. Fourth, to assess the remaining contribution of each risk factor domain, the model excluding one of the seven risk factor domains was compared with the base model. Fifth, to assess the respective contribution of non-modifiable and modifiable risk factors, the model adjusting for non-modifiable risk factor domains (genetic and demographic domains) and modifiable risk factor domains (all other five domains) was compared with the base model. To conservatively account for possible non-linear associations between risk factors and diabetes, a quadratic term was added for all risk factors in continuous form.

Missing data were imputed with multiple imputation by chained equations (27). Considering the convergence issues of logistic regression models, multi-categorical risk factors were converted to binary ones and treated as continuous variables. Instead of the linear regression approach, predictive mean matching was chosen for the estimation, given its advantage of better preserving the original distribution of data (28). The number of nearest donors in the matching pool was set to be 10 (29). According to the recommendations that the number of imputations should at least equal the highest percentage of the fraction of missing information (FMI), the number of imputed datasets was set to be 10 because the highest FMI percentage of an individual variable was < 10% (27). Each model was executed within each of the 10 imputed datasets to obtain 10 sets of estimates, which were then meta-analyzed to produce one pooled estimate. A sensitivity analysis was conducted by performing a complete case analysis to assess the robustness of primary results.

Based on the least-common denominator rule, reconstructed weights incorporating weights from the dietary 2-day sample and fasting subsample were used to ensure the representativeness of the estimates. Design variables were further adjusted to obtain unbiased estimates and standard errors. All analyses were implemented with SAS version 9.4 and STATA version 17.0. A two-tailed P-value of < 0.05 denoted statistical significance.




Results

Among the 16,091 participants included, 3,505 (21.8%) participants had missing information on the outcome or risk factors of interest (Figure 1). After multiple imputation, the weighted mean age was 48.3 years, 47.8% were men, and 68.5% were non-Hispanic White.


[image: Figure 1]
FIGURE 1
 Flow chart for sample size. Based on the least-common denominator rule, reconstructed weights incorporating weights from the dietary 2-day sample and fasting subsample were used to ensure the representativeness of the estimates.


The estimated crude prevalence of diabetes increased significantly from 12.2% (95% CI, 10.1%−14.3%) in 2005–2006 to 17.1% (95% CI, 15.2%−18.9%) in 2017–2018 [crude prevalence ratio (PR): 1.40 (95% CI, 1.14–1.72)].


Crude trends in risk factors

The estimated proportions of participants having a family history of diabetes, having multi-racial backgrounds, looking for work, with marginal, low or very low food security, having public insurance only, never smoking, drinking currently, taking β blockers, taking statins, and having trouble sleeping increased significantly between 2005–2006 and 2017–2018 (all P for trend < 0.05). The estimated proportions of participants having non-Hispanic White background, with an education level of less than high school, with full food security, having private insurance, having no insurance, having routine place to go for healthcare, and smoking currently decreased significantly between 2005–2006 and 2017–2018 (all P for trend < 0.05). The estimated means of participants' age, sleep hours, BMI, waist circumference, systolic blood pressure, and depression score increased significantly from 2005–2006 to 2017–2018 (all P for trend < 0.05). The estimated means of participants' leisure-time physical activity level, daily cigarettes smoked, total cholesterol level, and hours worked during the last week decreased significantly from 2005–2006 to 2017–2018 (all P for trend < 0.05; Table 1).


TABLE 1 Participant characteristics, 2005–2018a.
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Contribution of risk factors to the growing prevalence of diabetes

Individually, adjusting for family history of diabetes [17.3% (95% CI, 5.4%−40.8%)], age [25.1% (95% CI, 8.4%−49.5%)], race and ethnicity [5.9% (95% CI, 1.8%−12.6%)], education level [−12.7% (95% CI, −27.3% to −5.8%)], food security [8.7% (95% CI, 3.3%−21.0%)], health insurance type [25.7% (95% CI, 15.6%−47.9%)], routine place to go for healthcare [−8.5% (95% CI, −20.7% to −1.5%)], HEI-2015 [−2.0% (95% CI, −6.3% to −0.1%)], leisure-time physical activity [16.4% (95% CI, 7.4%−34.0%)], BMI [20.4% (95% CI, 5.6%−44.0%)], waist circumference [33.6% (95% CI, 14.7%−66.8%)], taking β blockers [18.5% (95% CI, 4.7%−37.1%)], total cholesterol [15.9% (95% CI, 8.3%−31.7%)], high-density lipoprotein cholesterol [12.9% (95% CI, 1.6%−28.1%)], statins use [34.6% (95% CI, 17.6%−61.7%)], depression score [9.1% (95% CI, 4.7%−18.9%)], or having trouble sleeping [12.4% (95% CI, 6.8%−22.2%)] was associated with a significant percent reduction in the β coefficient when comparing prevalence of diabetes between 2017–2018 and 2005–2006 (Table 2).


TABLE 2 Prevalence ratios for contrasting diabetes prevalence in 2017–2018 vs. 2005–2006 and percent reduction in β estimates according to individual risk factors.
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Contribution of risk factor domains to the growing prevalence of diabetes

Individually, adjusting for biological domain [46.2% (95% CI, 21.6%−79.1%)], demographic domain [41.5% (95% CI, 24.4%−76.8%)], obesity domain [35.3% (95% CI, 15.8%−70.2%)], psychosocial domain [21.3% (95% CI, 9.5%−40.1%)], or genetic domain [17.3% (95% CI, 5.4%−40.8%)] was associated with significant percent reduction in the β coefficient when comparing prevalence of diabetes between 2017–2018 and 2005–2006 (Table 3).


TABLE 3 Prevalence ratios for contrasting diabetes prevalence in 2017–2018 vs. 2005–2006 and percent reduction in β estimates according to individual domains.
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Sequentially, after adjusting for genetic and demographic domains, the percent reduction in the β coefficient was 59.0% (95% CI, 36.2%−112.4%), and the PR for comparing prevalence of diabetes in 2017–2018 with 2005–2006 was no longer significant [PR: 1.15 (95% CI, 0.97–1.36)]. After adjusting for all seven domains of risk factors, the percent reduction in the β coefficient was 97.3% (95% CI, 62.7%−164.8%; Table 3).

When adjusting for all domains but omitting one, the exclusion of demographic domain was associated with the least attenuation in the β coefficient [73.4% (95% CI, 42.5%−124.5%); Table 3]. Percent reduction in the β coefficient was 64.7% (95% CI, 40.1%−110.0%) when adjusting for modifiable domains and 59.0% (95% CI, 36.2%−112.4%) for non-modifiable domains.



Sensitivity analysis

The percent reduction in the β coefficient when adjusting for the alternative biological domain was 36.8% (95% CI, 11.6–68.7%; Supplementary Table S1). Of the 12,586 participants with complete information, the unadjusted prevalence of diabetes increased significantly from 2005–2006 (11.1%) to 2017–2018 [16.1%; PR: 1.46 (95% CI, 1.12–1.90)]. The contribution of a single risk factor was quantified (Supplementary Table S2). Individually, genetic, demographic, obesity, biological, or psychosocial domain was associated with a significant reduction in the β coefficient (Supplementary Table S3). These results were materially similar to the results of primary analysis using imputed data sets.




Discussion

Among US adults, the estimated prevalence of diabetes increased significantly in parallel with concurrent changes in the distribution of a comprehensive set of non-modifiable and modifiable risk factors for diabetes from 2005–2006 to 2017–2018. Ranked by the magnitude of contribution, the increasing prevalence of diabetes was significantly related to biological, demographic, obesity, psychosocial, and genetic domains (ranging from 46% to 17%). After taking into account all seven risk factor domains, the increasing trend in prevalence of diabetes was no longer observed. These findings provide concrete, informative, and targeted data for guiding future public health efforts for the prevention of diabetes.

The demographic domain had a major contribution to the increasing prevalence of diabetes, which primarily resulted from aging and increasing proportion of racial and ethnic minorities. These trends in the demographic composition of the US population likely continue and further contribute to the growing burden of diabetes (12). As this study found that ~40% of the increase in the diabetes prevalence was related to changing demographic factors, further interventions targeting the aging population and ethnic minorities should be emphasized to effectively address the growing burden of diabetes among US adults.

Family history of diabetes is a well-established strong risk factor for diabetes (30, 31). As a proxy for genetic predisposition, its prevalence was speculated to be relatively stable in short periods. However, an increasing trend in the family history of diabetes was observed in this study, which may in part be driven by aging. Furthermore, the increase in genetically susceptible individuals in the gene pool could be caused by the increase in racial and ethnic minorities (32). The demographic and genetic factors are considered non-modifiable but contributed to a substantial proportion of the growing diabetes burden.

The biological domain accounted for the greatest proportion of the increasing prevalence of diabetes. Biological factors are most proximal to diabetes onset, and risk factors from other domains may directly and indirectly influence biological factors. The prevalence of statin use, the strongest contributor to the rising prevalence of diabetes within the biological domain, increased significantly. Statins are associated with accelerated progression to diabetes via the mechanisms of insulin secretion, insulin resistance, and cellular metabolisms of glucose (33, 34). In addition, the prevalence of taking β blockers, a cardioprotective drug that could worsen glycemic control by increasing insulin resistance and decreasing insulin release (35), also increased significantly, which contributed to the increasing prevalence of diabetes.

Approximately one-third of the increasing prevalence of diabetes was related to elevating BMI and waist circumference; the latter made a greater contribution. BMI and waist circumference increased parallel with a prevalence of diabetes (7, 17). Studies have implied that waist circumference was a stronger predictor for diabetes, especially among persons of low or normal weight compared with BMI (36, 37). Obesity appears to be a mediating factor connecting upstream genetic and lifestyle risk factors and downstream biological risk factors. Therefore, obesity can be a pivotal intervention target from the public health perspective for diabetes prevention (38).

Psychological distress, depression, and sleep disturbance are risk factors for diabetes, especially among the subpopulation with prediabetes and other risk factors (39, 40), but their contribution to diabetes burden has not been well-quantified. The mean depression score and prevalence of trouble sleeping increased significantly among the study population, and both had a significant contribution to the rising prevalence of diabetes. Previous evidence has indicated an increasing prevalence of psychological distress among US adults, especially among young adults (10, 11), of whom the diabetes burden also increased dramatically (17, 41).

SDOH and lifestyle factors are known risk factors for diabetes. The insignificant results for SDOH and lifestyle domains did not translate into that these factors were not important. First, many of these factors, such as diet quality and income, did not change significantly during the study period. Second, the opposite trends in specific risk factors were observed within each domain that contributed negatively to diabetes burden. For example, for the SDOH domain, the contribution by decreased food security level and proportion of the uninsured (i.e., leading to better screening and detection of diabetes) may have been largely counterbalanced by improved education and decreased proportion of people having routine place to go for healthcare.

Non-modifiable factors played an important role in the growing prevalence of diabetes, but modifiable factors from the five domains together accounted for 65% of the increased diabetes prevalence from 2005–2006 to 2017–2018. Through the control of modifiable risk factors, the increasing trend of diabetes can be slowed or even reversed. This analysis precisely identified domains and risk factors of priority for diabetes prevention, which may shed light on the design of effective targeted public health interventions.


Limitations

This study has several limitations. First, causal inference cannot be made with cross-sectional observational data. Findings of this study provide only suggestive evidence on possible contributors for the increasing burden of diabetes. Second, relying on self-reported data may have led to misclassification of diabetes and risk factors. Third, genetic susceptibility was represented by a convenient proxy family history of diabetes, instead of genetic data. Fourth, some risk factors, such as sedentary activity, low birthweight, C-reactive protein, and urinary cadmium, were not considered because they were not available or collected in subsamples or specific cycles only, or had bidirectional or controversial associations with diabetes. Fifth, the grouping method for risk factor domains was somewhat arbitrary. Sixth, this study focused on quantifying the overall contributions of risk factors to the increasing burden of diabetes. Therefore, subgroup analyses by demographic factors were not conducted because changes in these stratification factors themselves were important contributors.




Conclusion

Based on the NHANES data, the increasing trend in prevalence of diabetes among US adults between 2005–2006 and 2017–2018 was related to concurrent changes in the distribution of diabetes-related risk factors. Ranked by the magnitude of contribution, biological, demographic, obesity, psychosocial, and genetic domains of risk factors significantly but differentially accounted for the growing prevalence of diabetes.
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Aim

To evaluate the effect of a one-year use of an advanced hybrid closed-loop (AHCL) system on the quality of life, level of anxiety, and level of self-efficacy in adults with type 1 diabetes (T1D) previously treated with multiple daily injections (MDI) and naïve to advanced diabetes technology





Methods

A total of 18 participants of a previously published 3-month randomized trial (10 men, 8 women; age 40.9 ± 7.6 years) who were switched directly from MDI/BMG to AHCL completed 12 months of MiniMed 780G™system use (a 3-month randomized trial followed by a 9-month follow-up phase). At month 6 of the study, patients were switched from the sensor GS3 (Continuous Glucose Monitoring) system, powered by Guardian™ Sensor 3) to GS4. Quality of life was assessed using the Polish validated version of the ‘QoL-Q Diabetes’ questionnaire. The level of anxiety was evaluated with the use of the State-Trait Anxiety Inventory (STAI). Self-efficacy was assessed with the General Self-Efficacy Scale (GSES). Results were obtained at baseline and at the end of the study.





Results

Significant increase in QoL was reported in the global score (p=0.02, Cohen d=0.61) and in as many as 11 out of 23 analyzed areas of life: being physically active (p=0.02, Cohen d = 0.71); feeling well (p<.01, Cohen d = 0.73); feeling in control of my body (p<.01, Cohen d = 0.72); looking good (p<.01, Cohen d = 1.07); working (p<.01, Cohen d = 1.12); sleeping (p=0.01, Cohen d = 0.66); eating as I would like (p<.01, Cohen d = 0.79); looking after or being useful to others (p= 0.02, Cohen d = 0.65); being active with pets/animals (p<.01, Cohen d = 0.95); being spontaneous (p=0.02, Cohen d = 0.67); and doing “normal” things (p=0.02, Cohen d = 0.67). Both state (p=0.04, Cohen d = 0.56) and trait (p=0.02, Cohen d = 0.60) anxiety decreased while the general self-efficacy increased (p=0.03, Cohen d = 0.76). No participant stopped the use of the pump.





Conclusion

Adult patients with T1D previously treated with MDI and naïve to modern technologies experienced significant improvement in their psychological well-being after transitioning to the AHCL system after 12 months of treatment.
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Introduction

Quality of life (QoL) is a crucial concept in the assessment of individual functioning, general health, and well-being (1). Health-related quality of life (HRQoL) indicates the impact of chronic disease on the health status of the patient (2, 3). HRQoL assessment allows identifying those aspects of patient functioning that require intervention (4). Evaluation of QoL should be a standard procedure in the assessment of the effectiveness of any newly applied treatment, especially in diabetes - a disease that requires a lot of engagement of the patients in all aspects of their life (5). The use of Continuous Subcutaneous Insulin Infusion (CSII) and Continuous Glucose Monitoring (CGM) used separately are associated with an improvement in glycemic control. Modern technological advances have integrated CSII with CGM systems, where insulin delivery can now be automated by sensor glucose-driven algorithms (6–9).

The move from patient/healthcare provider-based control of glycemia to algorithm (device) driven therapy is associated with major psychosocial changes. A study with patients from the United Kingdom observed that Hybrid Close Loop (HCL) systems at three months improved glucose control, diabetes management, and quality of life measures such as fear and worry of hypoglycemia in young patients with type 1 diabetes (T1D) and their carers (10). Similar observations concern the improvement of metabolic control and quality of life after introducing MiniMed 780G™in an Australian population of children and adolescents (11, 12). On the other hand, the results of studies on the impact of the MiniMed 780G™Advanced Hybrid Close Loop (AHCL) system on the quality of sleep in a population of adolescents were inconsistent (13, 14). There are also some observations indicating that the MiniMed 780G™ system may be helpful in patients with T1D and comorbid mental health issues, but this field requires further thorough investigation (15).

Recently we published a randomized control study in which we indicated that a population of patients with T1D previously naïve to advanced technology, who decided to undergo transition from multiple daily injections (MDI) and self-monitoring of blood glucose (SMBG) directly to the MiniMed 780G™ AHCL, experienced a significant improvement in selected aspects of quality of life: feeling well, working, eating as I would like, and doing normal things in as short time as 3 months after the transition. In addition, the patients from the AHCL group experienced lower levels of stress, fewer feelings of guilt, and could more easily be in contact with their emotions in stressful situations (16, 17). It was the first such study investigating psychological parameters in a population that has undergone the most extreme transformation from naïve to technology to advanced hybrid closed-loop therapy.

In the current study, we aimed to examine whether the improvement in quality of life in the same group of patients changed or was sustained after 1 year of MiniMed 780G™use and if there were any other significant changes in the psychological parameters of the examined population.





Methods

This was a 9-month observational continuation of the previous 3-month randomized controlled trials (RCT) project, in which we compared the results from the beginning of the study (month 0 with those obtained after 12 months altogether) (8). After the first 3 months of the RCT phase, patients from the AHCL arm continued the follow-up for additional 9 months. The only change in treatment concerned the sensor use – at month 6 the patients were switched from Guardian™ Sensor 3 (GS3) to Guardian™ 4 Sensor (GS4) (calibration-free sensor). The glucose control outcomes were reported by us in a separate research paper (6, 17).

The studied population consisted of 20 T1D technology naïve individuals. After the first 3 months, two male participants withdrew from the study: one due to difficulties in following the protocol and the second due to adhesive issues of infusion sets and sensors during work in high-temperature conditions. A total of 18 patients (10 men, 8 women; age 40.9 ± 7.6 years) completed a 9-month follow-up on a MiniMed 780G™ pump.

The patients filled out a set of questionnaires at the beginning, after 3 months (16), and after 12 months of the study. After the 3 months stage, the control group ended, and the patients from the studied group continued for an observational period of 9 months. The patients had one visit every 3 months during the 9-month follow-up and one more additional visit to change the type of the sensor from Guardian GS3 to GS4. They did not have additional contact with the clinical team but they were able to get technical support from the company helpline when needed.

For these analyses, we compared the results from the beginning of the study with those observed after a year of study continuation. The following tests were used and considered in the analysis:

State-trait anxiety inventory: this is a tool that allows us to assess anxiety defined as a situational state (State Anxiety X1) of the patient and anxiety measured as a relatively stable personality trait (Trait Anxiety X2). The state anxiety scale assesses the current state of anxiety, nervousness, worry, and tension in a given moment of activation of the autonomic nervous system. The trait anxiety scale assesses the tendency of the patient to react with apprehension and worry in general, and anxiety measured here is understood as a trait of personality. Each subscale consists of 20 items (16, 18). Response for X1 assesses the intensity of current feelings evaluated by answering 1) not at all, 2) somewhat, 3) moderately so, and 4) very much so. Responses for X2 evaluate the frequency of feelings in general: 1) almost never, 2) sometimes, 3) often, and 4) almost always (18)

Generalized self-efficacy scale: a self-report scale measuring self-efficacy. It reflects patients’ confidence in the ability to exert control over their own motivation, behavior, and social environment. The construct of perceived self-efficacy reflects the belief that one can perform novel or difficult tasks in various domains of functioning. The scale is a self-administered 10-item tool that requires 4 minutes response time on average. Responses are made on a 4-point scale: 1 = Not at all true, 2 = Hardly true, 3 = Moderately true, and 4 = Exactly true. The results are added to a composite score from 10 to 40. Each item refers to efficient and successful coping from the internal perspective (16, 19).

Quality of life in diabetes questionnaire (20): a tool that assesses the QoL of adults with T1DM. Validation of the Polish version, based on the Mapi Research Trust license, included forward translation by a health professional in clinical psychology and psychiatry, an expert panel analysis of the translation, back translation by a native speaker, and a pilot study on a sample of patients with T1DM. The questionnaire is a self-assessment scale composed of two parts. The first part measures the QoL with diabetes in one out of 23 life areas. In the second part, the patient assesses the importance of each of the 23 aspects of life. The mean value of the global QoL is 138 points and the maximum test result is 345 points. The mean value for a given area is 6, while the maximum for a given area is 15. The higher the result, the better the patient’s QoL (16, 21).

To compare two dependent groups, a paired t-test or a non-parametric alternative when appropriate was used. To compare three or more paired groups, an ANOVA or Friedman test was used. Cohen’s d-effect size (ES) was used to assess the magnitude of the experimental effect. All statistical analyses were performed with R, version 4.2.2.




Ethical considerations

The study was approved by the bioethics committee (no. 1072.61201.8.2020, dated May 28, 2020, trial registry no. NCT04616391). All patients provided written informed consent to participate in this study. The collected data were stored anonymously on an encrypted disc in the hospital according to recommendations from the bioethics committee. The participants did not receive any financial compensation for participation in the study.






Results

The baseline characteristics of the examined population are presented in Table 1.


Table 1 | Characteristics of the studied population at baseline (N=18; 10 men, 18 women).



The metabolic outcomes of the patients are available in the research paper by Matejko et al. (17) and are presented below in Table 2.


Table 2 | Metabolic outcomes, 12 months of follow-up.



The results obtained after 3 months are presented in Table 3, while a thorough analysis of the results is presented in separate studies (6, 16).


Table 3 | Psychological results after a 3-month randomized clinical trial.



The results obtained with the use of psychological tests are presented in Table 4.


Table 4 | Outcomes of anxiety, self-efficacy, and quality of life – comparison of results at the beginning and at the end of the study, 12-month follow-up.



As indicated in Table 4, a statistically significant increase in QoL was reported in the global score (p=0.02) and in as many as 11 out of 23 analyzed areas of life: being physically active (p=0.02), feeling well (p<.01), feeling in control of my body (p<.01), looking good (p<.01), working (p<.01), sleeping (p<.01), eating as I would like (p<01), looking after or being useful to others (p= 0.02), being active with pets/animals (p<01), being spontaneous (p=0.02), and doing “normal” things (p=0.02). Both state (p=0.04) and trait (p=0.02) anxiety decreased while general self-efficacy significantly increased (p=0.03).

There were no domains where a reduction in quality of life was apparent.





Discussion

To the best of our knowledge (17), this is the first long-term follow-up study investigating the psychological well-being of adult people with T1D previously naïve to diabetes technology (treated with MDI and SMBG) who experience a direct switch to the AHCL system with novel calibration-free sensors, and the sustainability of the obtained changes in their quality of life. The aim was to evaluate the effect of a one-year use of an advanced hybrid closed-loop system on the quality of life, level of anxiety, and level of self-efficacy in adults previously treated with multiple daily injections and naïve to advanced diabetes technology. The main focus was the adjustment to the new technology not to the glucose levels, although it was also an important factor connected with the new technology use.

Evaluation of patients’ QoL is a well-grounded indicator of the effectiveness of provided healthcare and may be helpful for health professionals and healthcare policymakers in their efforts to improve the well-being of patients (22). In the research paper presenting results after 3 months of transition (16), we reported that the patients experienced a significant increase in four aspects of QoL: feeling well, working, eating as I would like, and doing normal things. This was a substantial change that could be directly associated with a greater level of freedom and safety connected with the change in treatment. However, it became crucial to investigate if changes were not only the result of the initial excitement of the patients, and if the changes could be sustained over time and expanded into other, more specific, aspects of the life of the examined patients. Thus, the 9-month follow-up observation was carried out.

We found that after a year of the study not only were the previously indicated four life areas sustained as much more satisfactory than before the study, but the patients evaluated their quality of life as significantly better in another seven areas: being physically active, feeling in control of my body, looking good, sleeping, looking after or being useful to others, being active with pets/animals, and being spontaneous. An in-depth exploration of those aspects shows that, with time, the patients adjusted to the MiniMed 780G™ pump and more willingly started to experience various life activities, including social relations.

Although there were no radical changes in the food choices of the examined patients, they experienced a greater feeling of freedom in terms of eating. The higher level of freedom in physical activity could be explained by the fact that patients on a hybrid closed loop achieve better glycemic control during their everyday activities (23) and thus they are more willing to undertake various spontaneous activities, such as playing with pets. Patients claimed to feel much more spontaneous than during previous treatment methods. Also worthy of note is that, although the patients started to wear a tethered personal insulin pump (with connecting tubes) and sensors on their body, their subjective assessment of their attractiveness also increased, which can be connected with their general better functioning (24). It is worth mentioning in this respect that even issues of intimacy assessed by asking QoL with regard to enjoying sexual activity showed positive trends (p=0.08).

The observed improvement in sleep quality is consistent with a study on children and young adults with T1D (and their parents) on 780G, but this observation was from a shorter period of time (25, 26). The possible factors contributing to the improvement in the quality of sleep could be fewer hypoglycemia episodes, lower glucose variability, and no need for calibration since the G4S introduction in the course of our follow-up study.

The improvement in the quality of life of the patients undergoing the transition increased not only in the 11 subscales measured but also in the global score of the QoL. This suggests that the patients were not only able to obtain better functioning in selected aspects of their life with diabetes but also that after the 12 months of the study, they achieved generally better life satisfaction, self-esteem, well-being, and meaning of life (2). The improvement in the global indicator of QoL observed in our study can be associated with many component factors found also in other studies (11, 12), such as less exhaustion, more energy, less stress while on AHCL, less thinking about the disease, and better diabetes management, and improved diabetes treatment satisfaction may be a possible consequence of reduced worry and increased trust in AHCL (11). These factors might also result in a decrease in diabetes-related emotional distress and, thus, improvement of QoL (12).

When analyzing the possible sources of such essential change, attention should be paid to the issue of anxiety. Patients with diabetes often struggle with the fear of hypoglycemia (20, 27). One of the ways patients with diabetes deal with this fear is to sustain glucose at slightly elevated levels. This may evoke a fear of complications, potentially creating a cycle of anxiety (28). Our patients undergoing the transition in treatment after the year of follow-up experienced a significant decrease in both state and trait anxiety. We suggest that, to a high extent, this could be associated with much lower glucose variability, lower time spent below range (<70 mg/dL and 54 mg/dl), and a greater general metabolic safety of the patients. This, in turn, could potentially be one of the major factors resulting in the increase in QoL.

There was a significant increase in the self-efficacy of the patients. Self‐efficacy is described as a cognitive process where, through environmental and social influence, individuals learn new behaviors that affect their ability to improve future events (29). Enhancing self‐efficacy can improve the clinical outcomes and quality of life for patients living with chronic diseases (29). Self-efficacy is an important factor in the management of self-care among young adults with T1D; which, in turn, can be an important mechanism by which self-efficacy influences HbA1c levels (30). In our analyses, after 12 months of 780 G use, our patients displayed much better self-efficacy. It could be assumed that their better metabolic control gave them a sustained feeling of being able to “grab the disease in required limits” as stated by one of the patients. One can speculate that the treatment diverted cognitive potential from managing glucose and fear of hypoglycemia to expanding patients’ capabilities and potentials. 

During the study, a new calibration-free GS4 sensor during follow-up was introduced which could be one of the additional factors that contributed to the QoL increase (6), especially in terms of quality of sleep. The patients were not woken up by the need for night calibrations, as it was with S3G, and also they did not have to wake up during the night to check their blood glucose with glucometers, as they did before the 780 G pump usage.

The study has some limitations. One of them is the number of participants and we consider it essential to carry out similar investigations on a greater population. Additionally, the patients had the possibility to discuss their psychological well-being with a clinical psychologist throughout the whole period of the study. Throughout the whole study, only three of the patients asked for such a consultation and they were minor ones, not connected directly with the MiniMed 780G™ pump, but the very fact that the patients felt safe because of such a possibility could have some moderating effect on the quality of life. Another limitation is the lack of continuation of the control group; we observed them only during the 3 months of the initial stage as agreed in the protocol, and later on, the observation included only the studied group on the 780G pump. One of the reasons was the ethical aspect – we did not want to block the patients from the control group from their use of modern technologies for as long as 9 additional months.

Some limitations may also arise from the fact that we did not evaluate the quality of life after the switch from sensor S3G to S4G. However, we could not predict at which moment the impact of the switch could be the isolated factor having an impact on the very complex psychological parameters. We assumed that this was rather an additional factor playing a role in the observed improvement, important especially in terms of the quality of sleep, which we touched upon in the discussion. To assume that this one specific factor was so essential for the whole adaptation to the system could be misleading.

In addition, we did not perform individual profile analyses - in some QoL areas the results may be not uniform over patients, and patients’ experiences may diverge over time. However, in this study, we wanted only to show a general trend of change for the whole study group.

Nevertheless, the obtained results show that the transition directly from MDI and SMBG to the MiniMed 780G™ system resulted in substantial growth in quality of life, sustained over time, much better self-efficacy, and a lower level of anxiety. This, combined with the great improvement in metabolic control, can be considered comprehensive progress in the treatment of patients with type one diabetes.
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Aim

The objective of this study was to translate the Barriers to Insulin Treatment Questionnaire (BIT) into Chinese and test its psychometric properties in middle-aged and elderly type 2 diabetes mellitus (T2D) patients using insulin in the Han people of urban China.





Methods

We established the Barriers to Insulin Treatment Questionnaire in Chinese (BIT-C). We selected 296 patients with T2D for testing BIT-C's the reliability and validity, of which 120 patients were retested four weeks later. Another 200 patients with T2D were selected to perform the confirmatory factor analysis (CFA).





Results

The final BIT-C consisted of 11 items (BIT-C-11) and four factors. The explained variances of the BIT-C-11 and its four factors were 90.153%, 51.308%, 18.810%, 10.863%, and 9.173%. CFA validated that the four-factor model fit with the data of the BIT-C-11. Standardized factor loadings ranged between 0.77 and 0.90. The Cronbach’s α coefficients of the BIT-C-11 and its four factors were 0.903, 0.952, 0.927, 0.938, and 0.917. Correlation analysis was performed between the BIT-C-11 and General Adherence Scale in Chinese (GAS-C) to calculate the criterion-related validity (r = 0.598, p < 0.001). The correlation coefficient r of the BIT-C-11’s test–retest reliability was 0.810 (p < 0.001).





Conclusion

The BIT-C-11 has good reliability and validity. It can be used for psychological resistance to insulin therapy studies of middle-aged and elderly patients with T2D using insulin in the Han people of Chinese cities.





Keywords: type 2 diabetes mellitus, barriers to insulin treatment, psychological resistance to insulin therapy, adherence, scale revision, reliability, validity




1 Introduction

If non-insulin medication has failed, type 2 diabetes mellitus (T2D) patients may need insulin injections to control hyperglycemia to recommended levels (1, 2). However, studies in recent years have found poor adherence in patients with T2D who use insulin to treat their diabetes (3, 4).

A 2017 study found that the insulin adherence and persistence of patients with T2D in China are generally poor. Only 53% of patients with T2D persisted with insulin therapy until 12 months. After 1 year of insulin injections, only 30.9% of patients with T2D had a medication possession rate (MPR) ≥0.8 (5). Psychological factors such as negative beliefs about insulin therapy are the most common reasons for these patients’ poor adherence to insulin therapy (6, 7). Psychological insulin resistance (PIR) is a barrier for providers and patients in starting and maintaining insulin therapy (8). The patient’s psychological resistance to insulin therapy can result in poor glycemic control, damaging their health and burdening their families and society (9, 10). China has many patients with T2D, and many need insulin to control their blood sugar (11, 12). Improving the adherence of these patients with T2D who require long-term insulin therapy is an urgent challenge for the prevention and control of T2D in China. Regarding population health, it may be more effective to focus efforts on those who are least likely to adhere or those with poorly controlled diseases (13). Therefore, there is an urgent need to investigate psychological resistance to insulin therapy in patients with T2D in China. However, no standardized research tools can quantitatively assess psychological resistance to insulin therapy in patients with T2D in China. The Barriers to Insulin Treatment Questionnaire (BIT) is a valuable tool for studying psychological resistance to insulin therapy in patients with T2D, which Petrak et al. (6) developed. This scale has been widely used (14, 15). So, we decided to revise the Barriers to Insulin Treatment Questionnaire in Chinese (BIT-C) and select middle-aged and elderly Chinese patients with T2D who were on insulin therapy as the research objects to evaluate the reliability and validity of the BIT-C.




2 Materials and methods



2.1 Participants

This study has two parts:

	Study I: translating the BIT into Chinese and conducting an exploratory factor analysis (EFA) on it;

	Study II: confirmatory factor analysis (CFA) of the Chinese version of the BIT.



This study was conducted following the Declaration of Helsinki and was approved by the Shanghai Pudong New Area Mental Health Center (approval number: 2017009). It was conducted from May 2018 to December 2020 in the diabetes wards of several general hospitals in Haicheng City in northeast China.

The inclusion criteria of the study subjects were as follows:

	Patients who meet the WHO diagnostic criteria for T2D,

	currently on insulin therapy,

	aged 45–74 years,

	Han Chinese who had been continuously residing at the survey site for at least 5 years at the time of the survey,

	voluntary participation.



Subjects will not be included in our study if they match the following exclusion criteria:

	those who were seriously ill and unable to complete the study,

	those who had a disturbance of consciousness,

	those suffering from various severe mental illnesses who cannot complete the study.






2.2 Instruments



2.2.1 General information questionnaire

Demographic and medical data (glycosylated hemoglobin level, insulin use, diabetes duration) were collected by self-report.




2.2.2 BIT

Petrak et al. (6) developed the BIT, which measures psychological resistance to insulin treatment in patients with T2D. The BIT includes 14 items, a total sum score, and the following five factors: Factor 1: fear of injection and self-testing (items 1–3); Factor 2: expectations regarding positive insulin-related outcomes (items 4–6; they were reverse coded); Factor 3: expected hardship from insulin treatment (items 7–9); Factor 4: stigmatization by insulin injections (items 10–12); Factor 5: fear of hypoglycemia (items 13 and 14) (Table 1). The response format of the BIT is a 10-point Likert scale, ranging from “totally disagree” [1] to “totally agree” [10]. The BIT’s Cronbach’s α for the five subscales ranged from 0.62 to 0.85, and the BIT’s α for the total sum score was 0.78 (6). It will be revised in Chinese in this study.


Table 1 | Summary of item analysis of the BIT-C-14.






2.2.3 GAS-C

The General Adherence Scale (GAS) was developed by DiMatteo and Hays and is used to assess the general tendency of patients with chronic diseases to adhere to their physicians’ recommendations during the past 4 weeks (16, 17). Shi revised the General Adherence Scale in Chinese (GAS-C), which can be applied to the general adherence study of middle-aged and elderly patients with T2D in China. Consistent with the GAS, the GAS-C has five items and is one-dimensional. The Cronbach’s α reliability coefficient of the GAS-C was 0.942 (18). In this study, the GAS-C was used to assess the criterion-related validity of the BIT-C.





2.3 Translation and adaptation of the scale

After obtaining the developer’s permission, we integrated the cross-cultural approach to translate and adapt the BIT into Chinese (19, 20). The translation and adaptation stages of the BIT are as follows:



2.3.1 Forward translation

Two bilingual translators translated the BIT into Chinese separately. One translator is a teacher in the Department of English, and the other is a research group member.




2.3.2 Synthesis of the translations

Team members and two translators analyzed and compared the two drafts resulting from StageI, producing one common translation draft of the BIT.




2.3.3 Back translation

Two other translators with no medical background translated the Chinese BIT draft into English separately to produce two back-translation English BIT scales.




2.3.4 Expert committee review

The expert committees involved two linguists, one epidemiologist, four translators (forward and back translators), and research team members. They analyzed and compared the BIT, two forward translation versions, one common translation draft, and two back-translation BIT to finalize the initial Chinese version of the BIT. After discussion, the expert committee concluded that this initial Chinese version of the BIT is equivalent to the original version of the BIT in terms of semantics, idiomatic expression, experience, and concepts.




2.3.5 Pretesting and cognitive interviews

Fifteen patients with T2D who met the research criteria were asked to fill in the initial Chinese version of the BIT. Patients all filled out the questionnaire without any problems. Next, we conducted a cognitive interview with these patients to examine the comprehensibility of the questionnaire (21). All patients reported that they could understand each questionnaire item without ambiguity.




2.3.6 Establishment of the final Chinese version of the BIT (BIT-C-14)

After discussion, we decided to use the 14-item initial Chinese version of the BIT as the final Chinese version of the BIT (BIT-C-14).





2.4 Data collection

Data were collected the day before the study subjects were discharged from the hospital. Patients who met the subject criteria and agreed to participate in this study were included. Before filling out the questionnaire, subjects were asked to sign an informed consent form. If the subjects have poor eyesight or cannot read or write, the investigator will read the questionnaire aloud and fill out the items according to their true feelings. After the subjects completed the questionnaire, investigators asked if they would like to participate in the retest. We randomly selected 120 subjects who agreed to be retested. They would be investigated again when they returned to the outpatient clinic for physician follow-up at week 4 after discharge.




2.5 Statistical analysis

We conducted the statistical analysis using SPSS 23.0. The sociodemographic information of the subjects was described by mean and standard deviation, frequency, and percentage. Continuous variables were expressed by mean ± standard deviation (SD). Counts and percentages are used to indicate categorical variables. p < 0.05 means a statistically significant difference. AMOS 23.0 was used in the CFA.



2.5.1 Item analysis

Using the homogeneity test to analyze items, those items with a low correlation with the total score on the BIT-C-14 were removed. The removal criteria are the value of the Pearson correlation coefficient r < 0.4 or the significant difference test p ≥ 0.05 (22). If deleting an item may significantly increase the Cronbach’s α value of the scale, it means that the item is not homogeneous with the rest of the items, and the item will be removed from the scale (21). For the EFA, those items with communalities <0.2 would be removed (23).




2.5.2 Validity analysis

We analyzed the scale’s content validity, construct validity, and criterion-related validity.

Six diabetologists evaluated the scale’s content validity based on the item analysis results. They rated the degree of correlation between the content of each item and the evaluation purpose for that item. Content validity was judged by the item-level content validity index (I-CVI) and content validity index (S-CVI/Ave). We would retain those items with I-CVI ≥0.78; if the S-CVI/Ave ≥0.9, the scale-level content validity is acceptable (24, 25). Otherwise, the unqualified items should be deleted or modified and reevaluated until they meet the criteria.

We performed the EFA to test the scale’s construct validity. If the Kaiser-Meyer-Olkin measure of sampling adequacy (KMO) ≥0.70 and the difference of the Bartlett’s test had statistical significance (p < 0.05), the scale was suitable for factor analysis. If an item’s measure of sampling adequacy (MSA) is <0.5, the item is unsuitable for factor analysis and will be deleted (26, 27). We chose principal component analysis (PCA) combined with the Varimax orthogonal rotation method to analyze the data. The following criteria were used to determine the number of factors. 1) Kaiser’s principle of eigenvalues >1 to extract factors (28). 2) The factor contains at least two items with loadings >0.4 (29). 3) Items with cross-loading >0.75 were deleted (29). The scree test will assist us in judging the results of the PCA. Ultimately, the EFA’s results and the original BIT’s theoretical structure will guide us in determining the final version of the scale (28). We used the following criteria to assess the goodness of the CFA model: the ratio of chi-square to degrees of freedom (CMIN/df) <5; standardized root mean square residual (SRMR) <0.05; root mean square error of approximation (RMSEA) <0.08; comparative fit index (CFI), the goodness of fit index (GFI), and Tucker–Lewis index (TLI) value >0.9 (30, 31).

We used the GAS-C as a validity criterion to analyze the scale’s criterion-related validity. The criterion-related validity is acceptable if the Pearson correlation coefficient r ≥ 0.4 and is statistically significant (32).




2.5.3 Reliability analysis

We evaluated the scale’s reliability. Its internal consistency reliability is appropriate if Cronbach’s α ≥ 0.70 (21). The intraclass correlation coefficient (ICC) between 0.6 and 0.74 is good, and ≥0.75 is excellent (33). We assessed the test–retest reliability also. The Pearson correlation coefficient r of test–retest reliability ≥0.7 is acceptable (34).




2.5.4 Ceiling effect and floor effect

We evaluated the ceiling and floor effects of the data. A ceiling or floor effect exists if more than 15% of respondents achieve an item’s maximum or minimum score, meaning a response bias occurred in the data (35).






3 Results

Data from 496 patients with T2D were collected, from whom 296 patients with T2D were randomly selected as subjects for the item analysis, reliability analysis, and validity analysis of the BIT-C-14—the remaining 200 patients with T2D as subjects for the CFA. There were no missing data. Descriptive statistics for participants’ socioeconomic, medical, and psychological variables in Study I and Study II are provided in Table 2.


Table 2 | General characteristics of the participants in samples A and B.





3.1 Item analysis

The Pearson correlation coefficients for the BIT-C-14’s items 4–6 with the BIT-C-14’s total score were all <0.4. The poor correlation means that these three items are not homogeneous with the remaining 11 items of the BIT-C-14 (22). So, we deleted them and obtained a BIT-C scale with the remaining 11 items (BIT-C-11) (Table 1). No items with communalities were <0.2 (21, 23) (Table 3). Removing an item from the BIT-C-11 would not increase its Cronbach’s α value (Table 4). All 11 items in the BIT-C-11 were retained.


Table 3 | Summary of the BIT-C-11’s exploratory factor analysis.




Table 4 | Reliability of the BIT-C-11.






3.2 Validity analysis



3.2.1 Content validity

Six diabetologists rated the BIT-C-11’s content validity. The I-CVI for all 11 items was 1.0, all higher than 0.78. The S-CVI/Ave was 1.0 higher than 0.9. They all meet the criterion of content validity (24, 25). The BIT-C-11 has good content validity.




3.2.2 Construct validity

We conducted the EFA on the BIT-C-11 using the PCA combined with the Varimax orthogonal rotation method. The KMO value was equal to 0.830 ≥ 0.7. The difference in the Bartlett’s test was statistically significant (p < 0.01). The chi-square value was equal to 3,131.231. The results demonstrated that the BIT-C-11 was suitable for factor analysis (24, 36).

Three items in Factor 1 are consistent with the BIT’s “fear of injection and self-testing” factor. We named Factor 1 “fear of injection and self-testing” as well. The three items in Factor 2 are consistent with those in the “expected hardship from insulin treatment” factor of the BIT, so we named Factor 2 “expected hardship from insulin treatment.” Factor 3 contains the BIT’s three items of the “stigmatization by insulin injections” factor. Therefore, we also named Factor 3 “stigmatization by insulin injections.” Factor 4 has two items corresponding to the two items in the BIT’s “fear of hypoglycemia” factor. We named Factor 4 “fear of hypoglycemia” (Table 3). The scree test also supported extracting four factors (Figure 1).




Figure 1 | Scree plot.



Results of the first-order CFA confirmed the structure of the BIT-C-11 with a good model fit with CMIN/DF = 1.311 < 5; GFI = 0.954, CFI = 0.961, TLI = 0.944, their values all >0.9; the SRMR = 0.032 < 0.05, and the RMSEA = 0.040 < 0.05. Standardized factor loadings ranged between 0.77 and 0.90 (Figure 2). The second-order CFA of the BIT-C-11 confirmed a good model fit with CMIN/DF = 1.104 < 5; GFI = 0.960, CFI = 0.982, TLI = 0.975; the SRMR = 0.033 < 0.05, and the RMSEA = 0.039 < 0.05. Standardized factor loadings ranged between 0.77 and 0.90 (Figure 3), so creating a total score of the BIT-C-11 is appropriate.




Figure 2 | Path diagram for BIT-C-11’s first-order CFA. BIT-C-11, Chinese version of the BIT questionnaire with 11 items; CFA, confirmatory factor analysis; Factor 1, fear of injection and self-testing factor; Factor 2, expected hardship from insulin treatment factor; Factor 3, stigmatization by insulin injections factor; Factor 4, fear of hypoglycemia factor.






Figure 3 | Path diagram for BIT-C-11’s second-order CFA. BIT-C-11, Chinese version of the BIT questionnaire with 11 items; CFA, confirmatory factor analysis; Factor 1, fear of injection and self-testing factor; Factor 2, expected hardship from insulin treatment factor; Factor 3, stigmatization by insulin injections factor; Factor 4, fear of hypoglycemia factor.






3.2.3 Criterion-related validity

A negative correlation exists between the BIT-C-11 total score and the GAS-C total score, with a Pearson correlation coefficient of 0.598, p < 0.001. The criterion-related validity of the BIT-C-11 is acceptable (32).





3.3 Reliability analysis

The Cronbach’s α coefficients of the BIT-C-11 and its four factors were 0.903, 0.952, 0.927, 0.938, and 0.917. They are all >0.7 (p < 0.001). The Cronbach’s α values of the BIT-C-11 and its four factors are appropriate (16). The BIT-C-11’s ICC was 0.899 (95% CI 0.881–0.916). The ICC values for Factor 1, Factor 2, Factor 3, and Factor 4 were 0.951 (95% CI 0.940–0.960), 0.921 (95% CI 0.897–0.938), 0.937 (95% CI 0.923–0.949), and 0.915 (95% CI 0.893–0.933), respectively. All of which were >0.75 and met Cicchetti’s criteria for good (28). The correlation coefficient r of the test–retest reliability of the BIT-C-11, Factor 1, Factor 2, Factor 3, and Factor 4 was 0.810, 0.794, 0.756, 0.778, and 0.757, respectively. They are all >0.4. The test–retest reliability of BIT-C-11 and its four factors is acceptable (34) (Tables 4, 5).


Table 5 | Reliability of the BIT-C-11’s factors.






3.4 Ceiling effect and floor effect

There were no subjects who achieved the maximum total score of 110. Two subjects achieved the lowest total score of 11, 0.7% of all people. They were all below the criteria of 15% for both the ceiling and floor effects. No subject response bias was observed in the current study (35).





4 Discussion

Chinese patients with T2D generally have poor insulin adherence (5). It is urgent to assess the psychological resistance to insulin therapy in Chinese patients with T2D using a standardized scale. Our revised BIT-C-11 has relatively good psychometric characteristics and can be used to assess the psychological resistance to insulin therapy in middle-aged and elderly Chinese patients with T2D.

It is interesting to note that unlike Petrak’s original BIT, which contains five factors, the BIT-C-11 does not include the three reverse score items in the expectations regarding positive insulin-related outcomes factor of the original BIT. The reason for such differences may be due to differences in sample selection.

Petrak et al. (6) selected insulin-naive patients to develop the original BIT, who had no experience of improved health due to using insulin before.

In this study, we selected patients with T2D who were already using insulin as the study subjects. There may be differences in the content of psychological resistance to insulin therapy between patients with T2D treated with insulin and those with T2D not using insulin. Suppose we conduct an in-depth study of patients with T2D psychological resistance to insulin treatment in the future; it might be necessary to classify the study subjects in order to draw more scientific and accurate conclusions.

Another possible explanation is cultural differences. Several studies have suggested cultural differences in psychological insulin resistance, such as, for example, some studies showing ethnic differences in the causes of psychological insulin resistance (37, 38). Among Asian patients with diabetes, especially in China, there is a greater fear of injections and more incredible difficulties in using insulin than Western patients (39, 40). A 2015 study showed that psychosocial factors (rather than the presence of comorbidities) play a more critical role in determining PIR in the Chinese population (41). These studies suggest the influence of cultural differences, but the exact mechanisms are unclear, and more research needs to be done to elucidate them.

Petrak found that patients who opt for oral medications report significantly higher barriers to insulin therapy than those willing to use subcutaneous insulin. The original BIT has an apparent predictive validity for patients’ psychological resistance to insulin therapy (6). However, our subjects were patients who already used insulin injections, so we analyzed the BIT-C-11’s concurrent validity instead of its predictive validity. The GAS is a commonly used scale to assess general adherence in patients with chronic diseases (17). We found a negative correlation between the BIT-C-11 and the GAS in this study. A correlation coefficient of 0.582 > 0.4 means that the criterion-related validity of the BIT-C-11 is acceptable (32). It implies that the better the T2D patient’s general adherence to his or her physician’s recommendations, the lower is his or her psychological resistance to insulin treatment may be. General adherence encompasses many aspects of prevention, treatment, and patient health care. Adherence to insulin treatment is only a part of general adherence, which may explain why the GAS and the BIT-C-11 are related, but the correlation is not too high.

The Cronbach’s α value for the BIT-C-11 was 0.903, and the Cronbach’s α value in the original BIT was 0.78 (6). Both the original BIT and the BIT-C-11 and their subscales have relatively good internal consistency reliability. Since the subjects of these two studies differed, there was little comparability between their α values.

Petrak et al. (6) did not report the test–retest reliability of the original BIT. The correlation coefficient r of the BIT-C-11’s test–retest reliability was 0.810 after 4 weeks, which indicates that the stability of the BIT-C-11 is acceptable (34). Since patients with T2D need to use insulin for a long time, it is possible that some patients’ psychological resistance to insulin therapy decreases over time and become more receptive to insulin therapy. However, due to certain specific events, some patients already on insulin therapy may temporarily increase psychological resistance to insulin therapy and may become reluctant to receive insulin therapy for some time. Therefore, unlike personality traits that remain stable over time (42), we speculate that psychological resistance to insulin treatment is a psychological state subject to change by various factors. This changeability might be the basis for our intervention for psychological resistance to insulin treatment in patients with T2D. Further research is needed to identify the factors influencing psychological resistance to insulin therapy and develop specific and effective interventions to address these influences. However, this opinion needs to be supported by more research data in the future.




5 Strengths

The BIT is a valuable research tool to assess patients with T2D’s psychological resistance to insulin treatment, but to our knowledge, the BIT-C-11 is the first revised Chinese version of the BIT. The number of subjects in this study met the sample size requirements for a revised scale study. The study’s objectives and the inclusion and exclusion criteria of the subjects were clear in this study. There were no missing data in the survey due to the efforts of the investigators. The BIT-C-11 has relatively good reliability and validity, and the CFA verified its structure. All of the above are the strengths of this study.




6 Limitations

Although we have successfully revised the Chinese version of the BIT, the age and ethnic group of the subjects in this study lacked sufficient representation. On the one hand, worldwide, the trend of T2D in the younger population has surpassed that of the middle-aged and older population in recent years. We only selected patients with T2D aged 45–74 years for the study; further validation is needed if the BIT-C-11 is to be used in other age groups. We will further expand the subject’s age range to improve these shortcomings in the future.

Due to the study’s funding, considering that the BIT contains only 14 items, which is not a large number, we empirically selected 15 patients with T2D who met the study criteria for the pretest and cognitive interviews. Our judgment was not well grounded in theory. It should be noted that sample sizes >30 may be more scientific in pretesting and cognitive interviewing (43).

Another problem is that Factor 4 contains only two items. According to the theory of scale development, each factor should be composed of at least three variables; otherwise, the factor should be discarded or ignored (44). However, considering that “fear of hypoglycemia” is an essential aspect of psychological resistance to insulin therapy, Factor 4 of the BIT-C-11 already has good validity and reliability. We felt that the structure of the Chinese version of the BIT should be consistent with the original BIT, and the “fear of hypoglycemia” factor of the original BIT only has these two items, so we retained Factor 4.




7 Conclusion

We revised the Chinese version of the BIT, which has relatively good reliability and validity. The revised BIT-C-11 is four-dimensional and has a total of 11 items, which can be used to assess the psychological resistance to insulin therapy of middle-aged and elderly urban Han people with T2D who use insulin in China.





Data availability statement

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





Author contributions

MM: conceptualization, methodology, formal analysis, and writing–original draft. XM: methodology, data curation, and writing–original draft. JC: methodology and writing–original draft. FY: methodology and data curation. SM: writing–review and editing. YZ: writing–review and editing. ZS: conceptualization, methodology, writing–original draft, supervision, and funding acquisition. All authors contributed to the article and approved the submitted version.





Funding

This study was funded by a project grant from The Pudong New District Health Commission (PW2017A-29) with additional support from the Medical Discipline Construction Project of Pudong Health Committee of Shanghai (Grant No.: PWYgy2021-02).




Acknowledgments

We want to thank Ms. Hongyan Chen and the doctors from the diabetes department of the Haicheng Central Hospital, Haicheng Hospital of TCM, and Haicheng Second People’s Hospital for their help during this study and pay tribute to them.





Conflict of interest

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





References

1. International, Diabetes, Federation. IDF diabetes atlas. 10th ed. Brussels, Belgium: International Diabetes Federation (2021).

2. Valadi, H, Ekstrom, K, Bossios, A, Sjostrand, M, JJ, L, and Lotvall, JO. Exosome-mediated transfer of mRNAs and microRNAs is a novel mechanism of genetic exchange between cells. Nat Cell Biol (2007) 9(6):654–9. doi: 10.1038/ncb1596

3. Cramer, JA. A systematic review of adherence with medications for diabetes. Diabetes Care (2004) 27(5):1218–24. doi: 10.2337/diacare.27.5.1218

4. Schaper, NC, Nikolajsen, A, Sandberg, A, Buchs, S, and Bogelund, M. Timing of insulin injections, adherence, and glycemic control in a multinational sample of people with type 2 diabetes: A cross-sectional analysis. Diabetes Ther (2017) 8(6):1319–29. doi: 10.1007/s13300-017-0317-9

5. He, X, Chen, L, Wang, K, Wu, H, and Wu, J. Insulin adherence and persistence among Chinese patients with type 2 diabetes: a retrospective database analysis. Patient Prefer Adherence (2017) 11:237–45. doi: 10.2147/PPA.S123389

6. Petrak, F, Stridde, E, Leverkus, F, Crispin, AA, Forst, T, and Pfutzner, A. Development and validation of a new measure to evaluate psychological resistance to insulin treatment. Diabetes Care (2007) 30(9):2199–204. doi: 10.2337/dc06-2042

7. Yavuz, DG, Ozcan, S, and Deyneli, O. Adherence to insulin treatment in insulin-naive type 2 diabetic patients initiated on different insulin regimens. Patient Prefer Adherence (2015) 9:1225–31. doi: 10.2147/PPA.S87935

8. Leslie, CA. Psychological insulin resistance: a missed diagnosis? Diabetes Spect (1994) 7:52–7.

9. Doggrell, SA, and Chan, VJ. Adherence to insulin treatment in diabetes: can it be improved? Diabetes (2015) 7(3):315–21. doi: 10.1111/1753-0407.12212

10. Idris, I, Gulati, K, Perez-Nieves, M, Hadjiyianni, I, Cao, D, Tahbaz, A, et al. Associated factors that influenced persistence with basal analog insulin therapy among people with type 2 diabetes: an exploratory analysis from a UK real-world sample. Prim Care Diabetes (2019) 13:106–12. doi: 10.1016/j.pcd.2018.09.002

11. Wang, L, Gao, P, Zhang, M, Huang, Z, Zhang, D, Deng, Q, et al. Prevalence and ethnic pattern of diabetes and prediabetes in China in 2013. JAMA (2017) 317(24):2515–23. doi: 10.1001/jama.2017.7596

12. Xu, Y, Wang, L, He, J, Bi, Y, Li, M, Wang, T, et al. Prevalence and control of diabetes in Chinese adults. JAMA (2013) 310(9):948–59. doi: 10.1001/jama.2013.168118

13. Lauffenburger, JC, Lewey, J, Jan, S, Makanji, S, Ferro, CA, Krumme, AA, et al. Effectiveness of targeted insulin-adherence interventions for glycemic control using predictive analytics among patients with type 2 diabetes: A randomized clinical trial. JAMA Netw Open (2019) 2(3):e190657. doi: 10.1001/jamanetworkopen.2019.0657

14. Nam, S, Chesla, C, Stotts, NA, Kroon, L, and Janson, SL. Factors associated with psychological insulin resistance in individuals with type 2 diabetes. Diabetes Care (2010) 33(8):1747–9. doi: 10.2337/dc10-0099

15. Bahrmann, A, Abel, A, Zeyfang, A, Petrak, F, Kubiak, T, Hummel, J, et al. Psychological insulin resistance in geriatric patients with diabetes mellitus. Patient Educ Couns (2014) 94(3):417–22. doi: 10.1016/j.pec.2013.11.010

16. Hays, RD. The medical outcomes study (mos) measures of patient adherence. Available from: https://www.rand.org/content/dam/rand/www/external/health/surveys_tools/mos/mos_adherence_survey.pdf. Accessed May 7, 2019.

17. Sherbourne, CD, Hays, RD, Ordway, L, DiMatteo, MR, and Kravitz, RL. Antecedents of adherence to medical recommendations: results from the Medical Outcomes Study. J Behav Med (1992) 15(5):447–68. doi: 10.1007/BF00844941

18. Shi, Z, Chang, J, Ma, X, Yin, F, Ma, M, Li, W, et al. The psychometric properties of general adherence scale in Chinese (GAS-C) in patients with type 2 diabetes using insulin. Diabetes Metab Syndr Obes (2021) 14:801–11. doi: 10.2147/DMSO.S286153

19. Beaton, DE, Bombardier, C, Guillemin, F, and Ferraz, MB. Guidelines for the process of cross-cultural adaptation of self-report measures. Spine (Phila Pa 1976) (2000) 25(24):3186–91. doi: 10.1097/00007632-200012150-00014

20. Guillemin, F, Bombardier, C, and Beaton, D. Cross-cultural adaptation of health-related quality of life measures: literature review and proposed guidelines. J Clin Epidemiol (1993) 46(12):1417–32. doi: 10.1016/0895-4356(93)90142-n

21. DeVellis, RF. Scale development: Theory and applications. In: Thousand oaks, 3rd ed. California: Sage publications (2016).

22. Nunnally, JC, and Bernstein, IH. Psychometric theory. 3rd ed. McGraw-Hill, New York (1994).

23. Minglong, W. Questionnaire statistical analysis practice—SPSS operation and application. 1st ed. Chongqing: Chongqing University Press (2010).

24. Lynn, MR. Determination and quantification of content validity. Nurs Res (1986) 35(6):382–5. doi: 10.1097/00006199-198611000-00017

25. Polit, DF, Beck, CT, and Owen, SV. Is the CVI an acceptable indicator of content validity? Appraisal and recommendations. Res Nurs Health (2007) 30(4):459–67. doi: 10.1002/nur.20199

26. Bartlett, MS. A further note on tests of significance in factor analysis. Br J Stat Psychol (1951) 4(1):1–2. doi: 10.1111/j.2044-8317.1951.tb00299.x

27. Kaiser, HF, and Rice, J. Little Jiffy, Mark Iv. Educ Psychol Meas (1974) 34(1):111–7. doi: 10.1177/001316447403400115

28. Kaiser, HF. The application of electronic computers to factor analysis. Educ Psychol Meas (1960) 20(1):141–51. doi: 10.1177/001316446002000116

29. Samuels, P. Advice on exploratory factor analysis. Rep Birmingham (2017).

30. Bentler, PM. Comparative fit indexes in structural models. Psychological bulletin. (1990) 107(2):238. doi: 10.1037/0033-2909.107.2.238

31. Hoyle, RH. Structural equation modeling concepts, issues, and applications. Thousand Oaks: SAGE Publications, Inc (1995).

32. Oluwatayo, JA. Validity and reliability issues in educational research. J Educ Soc Res (2012) 2(2):391–400.

33. Cicchetti, DV, and Sparrow, SA. Developing criteria for establishing interrater reliability of specific items: Applications to assessment of adaptive behavior. Am J Ment Deficiency (1981) 86(2):127–37.

34. Vilagut, G. Test-retest reliability. In:  AC Michalos, editor. Encyclopedia of quality of life and well-being research. Dordrecht: Springer Netherlands (2014). p. 6622–5.

35. Everitt, BS, and Skrondal, A. The cambridge dictionary of statistics. In: The Edinburgh building, Cambridge CB2 8RU, 4th ed. UK: Cambridge University Press (2010).

36. Bartlett, MS. Tests of significance in factor analysis. Br J Stat Psychol (1950) 3(2):77–85. doi: 10.1111/j.2044-8317.1950.tb00285.x

37. Polonsky, WH, Fisher, L, Guzman, S, Villa-Caballero, L, and Edelman, SV. Psychological insulin resistance in patients with type 2 diabetes: the scope of the problem. Diabetes Care (2005) 28(10):2543–5. doi: 10.2337/diacare.28.10.2543

38. Nam, S, Chesla, C, Stotts, NA, Kroon, L, and Janson, SL. Factors associated with psychological insulin resistance in individuals with type 2 diabetes. Diabetes care (2010) 33(8):1747–9. doi: 10.2337/dc10-0099

39. Fitzgerald, JT, Gruppen, LD, Anderson, RM, Funnell, MM, Jacober, SJ, Grunberger, G, et al. The influence of treatment modality and ethnicity on attitudes in type 2 diabetes. Diabetes Care (2000) 23:313–8. doi: 10.2337/diacare.23.3.313

40. Nam, S, Chesla, C, Stotts, NA, Kroon, L, and Janson, SL. Factors associated with psychological insulin resistance in individuals with type 2 diabetes. Diabetes Care (2010) 33:1747–9. doi: 10.2337/dc10-0099

41. Lee, KP. Psycholosocial factors associated with psychological insulin resistance in primary care patients in Hong Kong. J Clin Transl ndocrinol (2015) 2(4):157–62. doi: 10.1016/j.jcte.2015.10.001

42. Conley, JJ. Longitudinal stability of personality traits: A multitrait–multimethod–multioccasion analysis. J Pers Soc Psychol (1985) 49(5):1266. doi: 10.1037/0022-3514.49.5.1266

43. Perneger, TV, Courvoisier, DS, Hudelson, PM, and Gayet-Ageron, A. Sample size for pre-tests of questionnaires. Qual Life Res (2015) 24:147–51. doi: 10.1007/s11136-014-0752-2

44. Streiner, DL. Figuring out factors: the use and misuse of factor analysis. Can J Psychiatry (1994) 39(3):135–40. doi: 10.1177/070674379403900303




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

Copyright © 2023 Ma, Ma, Chang, Yin, Ma, Zhang and Shi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.








 


	
	
TYPE Original Research
PUBLISHED 15 September 2023
DOI 10.3389/fpsyt.2023.1196866






Exploring the risk of glycemic variability in non-diabetic depressive individuals: a cross-sectional GlyDep pilot study

Shivang Mishra1*, Anurag Kumar Singh1*, Sumit Rajotiya1, Pratima Singh2, Preeti Raj1, Hemant Bareth1, Mahaveer Singh3*, Tushar Jagawat4, Deepak Nathiya1,5,6* and Balvir Singh Tomar5,6,7


1Department of Pharmacy Practice, Institute of Pharmacy, Nims University Rajasthan, Jaipur, India

2School of Public Health, University of Alberta, Edmonton, AB, Canada

3Department of Endocrinology, National Institute of Medical Sciences, Nims University Rajasthan, Jaipur, India

4Department of Psychiatry, National Institute of Medical Sciences, Nims University Rajasthan, Jaipur, India

5Department of Clinical Studies, Fourth Hospital of Yulin (Xingyuan), Yulin, Shaanxi, China

6Department of Clinical Sciences, Shenmu Hospital, Shenmu, Shaanxi, China

7Institute of Pediatric Gastroenterology and Hepatology, Nims University Rajasthan, Jaipur, India

[image: image2]

OPEN ACCESS

EDITED BY
 Chi-Shin Wu, National Health Research Institutes (Taiwan), Taiwan

REVIEWED BY
 Yang-Pei Chang, Kaohsiung Medical University, Taiwan
 Chen-Cheng Yang, Kaohsiung Municipal Siaogang Hospital, Taiwan

*CORRESPONDENCE
 Shivang Mishra, shivang.mishra23@gmail.com 
 Anurag Kumar Singh, anuragkrsingh06@gmail.com
 Mahaveer Singh, drms.mamcmed@gmail.com
 Deepak Nathiya, dnathiya@nimsuniversity.org

RECEIVED 30 March 2023
 ACCEPTED 29 August 2023
 PUBLISHED 15 September 2023

CITATION
 Mishra S, Singh AK, Rajotiya S, Singh P, Raj P, Bareth H, Singh M, Jagawat T, Nathiya D and Tomar BS (2023) Exploring the risk of glycemic variability in non-diabetic depressive individuals: a cross-sectional GlyDep pilot study. Front. Psychiatry 14:1196866. doi: 10.3389/fpsyt.2023.1196866

COPYRIGHT
 © 2023 Mishra, Singh, Rajotiya, Singh, Raj, Bareth, Singh, Jagawat, Nathiya and Tomar. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
 

Background: Data on the correlation between glycemic variability and depression in nondiabetic patients remain limited. Considering the link between increased glycemic variability and cardiovascular risks, this relationship could be significant in depressed patients.

Methods: In this single-center pilot study, we utilized Flash Glucose Monitoring (Abbott Libre Pro) to study glycemic variability. The CES-D (Center for Epidemiological Studies– Depression) scale was employed to measure depression levels. Based on CES-D scores, patients were classified into two groups: those with scores ≥ 33 and those with scores < 33. We analyzed various glycemic variability indices, including HBGI, CONGA, ADDR, MAGE, MAG, LI, and J-Index, employing the EasyGV version 9.0 software. SPSS (version 28) facilitated the data analysis.

Results: We screened patients with depression visiting the department of psychiatry, FGM was inserted in eligible patients of both the groups which yielded a data of 196 patient-days (98 patient-days for CES-D ≥ 33 and 98 patient-days for CES-D < 33). The glycemic variability indices CONGA (mg/dl), (76.48 ± 11.9 vs. 65.08 ± 7.12) (p = 0.048), MAGE (mg/dl) (262.50 ± 25.65 vs. 227.54 ± 17.72) (p = 0.012), MODD (mg/dl) (18.59 ± 2.77 vs. 13.14 ± 2.39) (p = 0.002), MAG(mg/dl) (92.07 ± 6.24vs. 63.86 ± 9.38) (p = <0.001) were found to be significantly higher in the CES-D ≥ 33 group.

Conclusion: Patients with more severe depressive symptoms, as suggested by CES-D ≥ 33, had higher glycemic variability.

KEYWORDS
 depression, glycemic variability, risk of diabetes, FGM, CES-D, glycemic variability indices


1. Introduction

Diabetes mellitus, a global health issue, stands as one of the prevalent non-communicable diseases impacting millions worldwide. Beyond the well-researched complications of neuropathy, nephropathy, retinopathy, and cardiovascular sequelae, there emerges a significant shadow of psychological morbidity, most profoundly depression. This complex relationship is substantiated by recent meta-analyses, such as those conducted by Mezuk et al. (1) and Chireh et al. (2), which indicate that diabetes increases the risk of developing depression by approximately 25% (1, 2). The relationship between diabetes and depression is bidirectional. Diabetes can elevate the risk of developing depression, and similarly, depression can predispose one to diabetes. When they coexist in an individual, it’s not just a simple overlap. This confluence exacerbates the progression and complicates the outcomes of both disorders.

Depression, characterized by pervasive mood disturbances, underpins profound implications for metabolic health, particularly glycemic control. A confluence of pathophysiological mechanisms including inflammation, neuroendocrine dysfunction, and alterations in insulin dynamics have been implicated in mediating this association (3). Longitudinal studies further emphasize the chronic impact of depression on glycemic variability (GV), a parameter depicting fluctuations in blood glucose levels that has been linked to microvascular complications and oxidative stress (4).

However, the majority of these studies are conducted in diabetic populations and rely on traditional glucose monitoring systems, which may not accurately capture the day to day spectrum of GV. Recent innovations like the FreeStyle Libre flash glucose monitoring system offer a more nuanced window into these fluctuations, yet there is a paucity of research exploring the depression-GV nexus in non-diabetic individuals using this technology. Observational studies have highlighted the potential connections, but more targeted research is needed (5).

The objective of this research is to fill this research gap through a pilot study examining the relationship between depression severity and GV in non-diabetic individuals, employing the advanced FreeStyle Libre system. This cross-sectional GlyDep Pilot Study seeks to extend the current understanding of this complex interplay by focusing on a population often overlooked in conventional research. By shedding light on the mechanisms at play in non-diabetic individuals, the findings may pave the way for early interventions and personalized therapeutic strategies that account for both mental and metabolic health. By engaging with cutting-edge technology and a novel demographic, this study endeavors to contribute a fresh perspective to the ongoing discourse surrounding depression, GV, and their broader implications for public health (6).



2. Methodology

The present study was conducted in compliance with the ethical principles of the Declaration of Helsinki, and approval for the study was obtained from the Institutional Review Board (approval number: NIMSUR/IEC/2022/211). All study subjects provided informed consent for this observational analysis.


2.1. Design and participants

The present study, called GlyDep, is a primary quantitative exploratory research project aimed at analyzing glycemic variability (GV) in individuals with depressive disorder. Recruitment of participants, aged 18 years and older, diagnosed with depression (ICD-10) was conducted at the Department of Psychiatry, National Institute of Medical Science and Research in Jaipur, India, from April 2022 to November 2022. Diagnosis of incident depression was based on ICD-10 codes F32 (all mild to severe depressive episodes) or F33 (all recurrent depressive disorders) with cognitive behavioral therapy for management of diabetes (7). The study utilized a set of inclusion and exclusion criteria. Inclusion criteria consisted of a proven diagnosis of depression, glycated hemoglobin indices A1c (HbA1c) levels <5.6%, and willingness to give consent for the study. Patients were excluded if they did not meet the clinical diagnosis according to ICD-10, had unstable severe medical conditions such as active malignant diseases, heart failure, or chronic liver diseases, were below 18 years of age, or had HbA1c levels above 5.6%.



2.2. Data collection and recruitment of the study population


2.2.1. Demographic factors

Customized data collection forms were designed and used to collect the study data. Participants’ age, gender, marital status, smoking habits, and educational status were documented in the data collection forms. Weight and height were measured as per protocol and the body mass index (BMI) was calculated. The criteria established by the World Health Organization for overweight (23.0 kg/m2) and obesity (25.0 kg/m2) were used to determine BMI status (8). Body composition was assessed with waist and hip measurements, which was obtained from standard measuring tape. Waist-to-hip ratio (WHR) was calculated by dividing the waist circumference by the hip circumference (9).



2.2.2. Laboratory parameters

The participants lipid profile was assessed, including Low-Density Lipoprotein (LDL), High-Density Lipoprotein (HDL), and Triglycerides (TG), following the guidelines of the American Heart Association (AHA) (10). Additionally, Blood Urea Nitrogen (BUN), Serum Creatinine (SCr), Aspartate Aminotransferase (AST), and Alanine Transaminase (ALT) levels were measured. These particular measurements are integral for monitoring kidney function and liver health, ensuring a comprehensive evaluation of the participants’ overall metabolic health.



2.2.3. Glucose assessment


2.2.3.1. HbA1c measurement

HbA1c serves as a sensitive indicator of long-term glycemic control, reflecting average blood glucose levels over a period of approximately 2 to 3 months. In this study, HbA1c levels were measured via high-performance liquid chromatography (HPLC) of hemolysates from whole blood (<5.6%) which is a reliable and gold standard technique for HbA1C determination. Glucose levels in fasting serum samples were assessed using glucose oxidase peroxidase and a Siemens Dimension EXL 200 analyzer.



2.2.3.2. Flash glucose monitoring (Freestyle libre Pro)

In this study, the ambulatory glucose profile was calculated using interstitial sensor glucose data obtained from the Freestyle Libre Pro system (Abbott Diabetes Care, Oxon, UK). The system comprised a sensor worn by patients for 2 weeks, which tested interstitial glucose levels at 15-min intervals (11). All study participants were instructed to wear the sensor for the entire two-week period, resulting in a total of 196 patient-days.

Glycemic variability indices, such as mean sensor glucose and its standard deviation (SD), absolute means of daily differences (MODD), continuous overall net glycemic action (CONGA), mean amplitude of glycemic excursion (MAGE), high blood glucose index (HBGI), mean absolute glucose (MAG), liability index (LI), average daily risk ratio (ADRR), and J-Index were among the glycemic variability indices. EasyGV version 9.0 software (University of Oxford, OX2 6GG, United Kingdom) was utilized to compute the above indices using the data collected for 196 patient-days (Review Supplementary Table 1) (12–17).




2.2.4. Measures for depressive symptoms (CES-D)

The Center for Epidemiological Research Depression Scale (CES-D) was devised by the National Institute of Mental Health in the 1970s. Its primary intent was to assess depressive symptomatology in the general population, bridging the gap between clinical diagnosis and population-based assessment. Over the years, it has been adapted for various subpopulations and has become one of the widely accepted tools for screening depression symptoms in epidemiological studies.

Compared to other depression scales, CES-D uniquely incorporates a range of symptoms, capturing diverse domains such as mood, somatic complaints, and interpersonal interactions. This holistic approach ensures a comprehensive understanding of an individual’s depressive state. The Center for Epidemiological Research Depression Scale (CES-D) was employed to screen for depression symptoms under the guidance of a designated psychiatrist (18) The CES-D contains 20 items commonly used in screening for depression and depressive symptoms. The CES-D response options were based on recent symptoms and a 4-point Likert scale ranging from “rarely or none of the time” to “most or all of the time.” The scale goes from 0 to 60, with a higher score indicating more significant depressive symptoms (19).

Cronbach’s alpha was 0.85 in reliability testing (20). Furthermore, significant correlations with other depression measurement scales were observed, supporting the convergent validity of the CES-D, and construct validity was established by differences between psychiatric inpatients and the general population (19).




2.3. Statistical analysis

We used IBM SPSS version 28.0 from Chicago, IL, United States for our statistical analysis. We summarized continuous variables with mean and standard deviation, while categorical variables were presented as frequency and percentage. To compare differences between groups, we used t-tests for continuous variables and Fisher’s exact test for categorical variables. Acknowledging our cautious approach toward our small sample’s uniqueness and potential data non-normality, we found non-parametric statistical methods to be necessary. Since finding non-diabetic participants posed challenges, we explored alternative methods. Non-parametric tests, known for their reliability with limited data, became suitable choices. We emphasize awareness of assumptions and limitations in both parametric and non-parametric analyses. Furthermore, Microsoft Excel 2015 facilitated data visualization.




3. Results


3.1. Study population

At the psychiatry outpatient department of NIMS hospital, we screened 62 patients for our study. Out of 62 patients with depression, thirty-one patients were found to be eligible for the study. Out of thirty-one, thirteen patients were excluded from the study. The reasons for the exclusion were as follows: (1) difficulty in interviewing patients due to aggressive or irregular behavior (n = 3); (2) refusal to use FGMS (n = 6); (3) refusal to participate in the study (n = 4). Finally, eighteen patients were enrolled, with a loss of follow-up (n = 4). The study flow chart is shown in Figure 1.

[image: Figure 1]

FIGURE 1
 Study flow chart showing enrollment and exclusion of the study subjects.


The study included 14 participants with a total of 196 patient-days. Of 14 participants 10 were males and 4 were females with an average age of 29.53 ± 1.77 years. We made two groups depicting the severity of depression: CES-D scores≥33 (6 males, 1 female) and < 33 (4 males, 3 females). The overall CES-D score was 33.46 ± 7.32 (range: 0–60), 39.71 ± 3.81 for the CES-D ≥ 33 group, and 27.00 ± 2.70 for the CES-D < 33 group. The comparison of the data of patients who had CES-D > 33 to those who had CES-D < 33 is shown in Table 1. Age and HbA1C were significantly higher in the patients with CES-D ≥ 33 (Table 1).



TABLE 1 Baseline comparison of the patients as per the CES-D score, a score used to depict the severity of depression.
[image: Table1]



3.2. Distribution of glycemic variability indices

Supplementary Table 2 shows an explanatory version of the measures of glycemic variability, along with their mean and standard deviations. The standard deviation of the blood glucose, a marker of glycemic variability, was higher in CES-D ≥ 33 group (Figures 2A,B).

[image: Figure 2]

FIGURE 2
 (A) Detailed day-wise tracing of the sensor glucose values of 196 patient-days. (B) The Mean glucose level and Standard deviation of all the patients with their CES-D scores.




3.3. Glycemic variability and depression

We compared the glycemic variability indices of the patients who had CES-D ≥ 33 to those who had CES-D < 33. The HbA1c was higher in the patients who had CES-D ≥ 33 (5.52 ± 0.34 vs. 4.82 ± 0.59) (p = 0.020) (Table 1).

CONGA (mg/dl) was higher in CES-D ≥ 33 group (76.48 ± 11.9 mg/dL vs. 65.08 ± 7.12 mg/dL) (p = 0.048) (Figure 3A). Likewise, HBGI (mg/dl) and MAGE (mg/dl) values were also higher (50.41 ± 5.21 vs. 36.89 ± 4.09) (p = <0.001), (262.50 ± 25.65 vs. 227.54 ± 17.72) (p = 0.012) respectively (Figures 3B,C) Other glycemic variability indices like J-Index (mg/dl) (4296.49 ± 777.98 vs. 2822.79 ± 526.53) (p = 0.001), MODD (mg/dl) (18.59 ± 2.77 vs. 13.14 ± 2.39) (p = 0.002), LI(mg/dl) (766.74 ± 266.28vs. 384.41 ± 72.98) (p = 0.003), ADDR (mg/dl) (384.14 ± 15.43 vs. 332.71 ± 17.21) (p = <0.001) and MAG(mg/dl) (92.07 ± 6.24vs. 63.86 ± 9.38) (p = <0.001) were also found to be significantly higher in the CES-D ≥ 33 group (Figures 3D–H). These findings show that glycemic variability was higher in patients with a CES-D score ≥ 33.

[image: Figure 3]

FIGURE 3
 Comparison between Glycemic variability indices (A) CONGA (B) HBGI (C) MAGE (D) J-INDEX (E) MODD (F) LI (G) ADDR (H) MAG of both CES-D groups.





4. Discussion

This research endeavors to fill the void of understanding concerning glycemic variability in non-diabetic patients with depression. To assess the patients’ glycemic variability, the FGMS was utilized for a period of 2 weeks, which generated an ambulatory glucose profile of 196 patient-days. The glycemic indices were calculated via the utilization of EasyGV version 9.0 software. Depression was assessed using the CES-D scale, which has been validated in the Indian population. Patients were assigned to two groups based on their CES-D scores, with scores <33 and scores ≥33. The results of this study reveal that patients with CES-D scores ≥33 exhibited increased glycemic variability.

The etiology of elevated glycemic variability in individuals with depression is multifactorial. In depression, there is an upsurge in stress hormones, particularly cortisol, which can be severe enough to result in pseudo- cushing syndrome (21). The elevated cortisol acts on the subcortical area, including the hippocampus and hypothalamus (22). These two areas are crucial for the control of the autonomic nervous system regulation. Autonomic dysfunction, as observed in patients with diabetes, has been linked to elevated glycemic variability. This has been seen in patients with diabetes, who have autonomic dysfunction, and had high glycemic variability (23, 24). The glycemic variability was also found to be associated with incident depression. In a retrospective study from the Korean National Health Insurance Service–National Health Screening Cohort from 2002 to 2007, patients (n-264,480) who have at least three fasting serum glucose were later observed during 2008–2013 (n-198,267), and their hazard ratios (HR) of incident depression were calculated. After adjustment, it was found that the highest glycemic variability was associated with a 9% increased risk of depression (HR, 1.09; 95% CI, 1.02–1.16). The risk of incident depression heightened with increasing GV (p for trend < 0.001) (22). In our pilot study, we tried to explore the glycemic variability in depressive patients. Our pilot study had the objective of exploring glycemic variability among non-diabetic individuals with depression. The heightened glycemic variability observed in patients with CES-D scores ≥33 suggests an elevation in stress hormone levels.

Additionally, there exists a connection between glycemic variability and endothelial dysfunction, which is a precursor to atherosclerosis and cardiovascular incidents. Notably, depression itself is also linked to endothelial dysfunction. The coexistence of both conditions may potentially contribute to an increased risk of cardiovascular events.

In summary, our pilot study illuminates the correlation between glycemic variability and depression in individuals without diabetes. The noted rise in stress hormones among those exhibiting higher CES-D scores highlights the importance of this link. Moreover, the interaction among glycemic variability, endothelial dysfunction, and depression underscores potential repercussions for cardiovascular well-being (25).


4.1. Future recommendations

In this study, our objective is to underscore patient education and awareness initiatives that highlight the link between glycemic variability and depression. Advocating for holistic care includes integrating comprehensive management strategies and interdisciplinary consultations. Expanding this research to a larger, diverse cohort is imperative to bolster the association regarding glycemic variability, particularly in non-diabetic populations. Our recommendation is to enhance robust methodologies by controlling confounders and predictors, encompassing dietary habits, physical activity, medication usage, and lifestyle factors. Embracing these approaches propels progress in patient care and scientific understanding, ultimately enhancing overall well-being.



4.2. Limitations

This pilot research represents a pioneering application of a flash glucose monitoring system to evaluate glycemic variability among patients afflicted with depression, who do not suffer from diabetes. Moreover, the glycemic variability is analyzed relative to the severity of the depression. Nevertheless, certain constraints were observed during the study. The principal restriction was the restricted sample size, which may limit the generalizability of the findings. Additionally, the low screening-to-enrollment ratio was attributed to the social stigma surrounding depression in India, which also served as a significant contributing factor to the attrition of study participants.




5. Conclusion

Patients who have more severe depression (CES-D scores≥33) have high glycemic variability (SD, MAGE, CONGA, and MODD) than the patients who have less severe depression (CES < 33).
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Objective

The aim of this study is to discuss the postpartum anxiety disorder and influencing factors in puerperae with gestational diabetes mellitus (GDM) to provide a clinical basis for better early identification and intervention of adverse mood.





Methods

Convenient sampling method was adopted to investigate 205 pregnant women as the observation group and 201 normal healthy pregnant women in the same period as the control group. The self-rating anxiety scale (SAS) was used to investigate and observe the respondents, evaluate the postpartum anxiety status of patients with GDM, and analyze the related influencing factors. Statistical analysis of the data was performed using SAS 3.0 software. A proposed P < 0.05 was considered as statistically significant.





Results

Patients with GDM had a higher risk than normal maternal anxiety, related to years of education, triglycerides, 1-h postprandial blood glucose, and a history of induced abortion.





Conclusion

GDM can lead to the occurrence of postpartum anxiety, and the poor psychological state is not conducive to the maternal and infant health. Early identification and early intervention can reduce the harm caused by anxiety and promote the progress of maternal and infant health and clinical research.
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1 Introduction

As one of the most common complications of pregnancy, gestational diabetes mellitus (GDM) (1) refers to an abnormal glucose metabolism that occurs during pregnancy, excluding the diabetes mellitus preexisting before pregnancy. GDM is associated with various factors like insulin resistance, genetics, changes in diet, and lifestyle during pregnancy (2). According to relevant literature, the prevalence rate of GDM is 14.0% globally (3). The puerperae with GDM are faced with many potential adverse pregnancy outcomes, such as macrosomia, neonatal hypoglycemia, progeny obesity, and type II diabetes, which may lead to an increased risk of mental disorders (4). According to current studies, about 10% to 15% of healthy women suffer from postpartum depression (PPD) after delivery in developed countries (5), whereas the rate was up to 24% in developing countries (6). PPD is often complicated with anxiety (7–12), which usually occurs within 6 months after delivery (13) with an incidence rate 14%–16% (14, 15). Maternal postpartum anxiety may cause some problems compromising the motor development of infant (16) as well as the breastfeeding behavior and breast milk composition (17). Therefore, for patients with GDM, who are at a high risk for mental disorders, early identification of postpartum anxiety is essential. Although current studies have proved that GDM is an important factor leading to postnatal anxiety (18, 19), most of the relevant studies merely focus on PPD, whereas postpartum anxiety and related influencing factors in puerperae with GDM are rarely reported. In this study, the relationship between GDM and postpartum anxiety was first established through a survey, and, also, relevant influencing factors were analyzed. The study results are helpful for early identification of the high-risk factors and early clinical intervention of patients with GDM with postpartum anxiety.




2 Materials and methods



2.1 Subjects

A total of 205 puerperae with GDM treated in the Obstetrics Clinic of The First Affiliated Hospital of Sun Yat-sen University between June 2021 and June 2022 were selected as the observation group, and, for statistical power, 201 healthy pregnant women in the same period were selected as the control group for postpartum anxiety investigation. Sampling method: convenience sampling. Inclusion criteria for the observation group: ① adult puerperae aged 18–49 years old and diagnosed as GDM; ② re-examined 42 days after delivery with the ability to complete the questionnaire independently; ③ without past history of systemic complications like mental disease and nervous system disease; and ④ voluntarily received and cooperated with the survey. Exclusion criteria for the observation group: ① with a history of mental illness before delivery; ② with other pregnancy complications; ③ with endocrine disease, liver or kidney dysfunction, etc.; and ④ with cognitive dysfunction. Inclusion criteria for the control group: ① healthy maternal aged 18–49 years and ② those who voluntarily received and cooperated with the survey. Exclusion criteria for the control group: ① with a history of mental illness before pregnancy; ② with other pregnancy complications; ③ with endocrine disease, liver or kidney dysfunction, etc.; and ④ with cognitive dysfunction.




2.2 Methods

Questionnaire of general information: A self-designed questionnaire of general information (including age, education years, monthly family income, number of children, intervention mode, and etc.) was adopted.

Clinical data: The patients were investigated for weeks of labor, gestational age, number of pregnancies, number of deliveries, history of adverse pregnancy, history of abortion, GDM, body mass index (BMI), Glycosylated hemoglobin (HBA1c), 1-h plasma glucose (1h-PG), triglyceride, and history of diabetes.

Anxiety scale: Self-rating anxiety scale (SAS) (20) formulated by Zung was used for relevant assessment. SAS consists of 20 items, for which Likert 4-grade scoring method was adopted: Scores 1 to 4 represent “never or seldom,” “a small amount of time,” “considerable time,” and “most of or all of the time,” respectively, and the total score multiplied by 1.25 was the scale standard score, which was positively correlated with anxiety. If the standard score is ≥50, then there was anxiety disorder. According to relevant literature, the reliability of this scale was 0.82 (20).




2.3 Statistical analysis

Excel 2003 software was used for double entry of questionnaire and SAS 3.0 for statistical analysis of data. Continuous variables were expressed as x ± s, and, Mann-Whitney U-test, a non-parametric test, was used for relevant statistical inference. Categorical variables were described by rate or percentage, and chi-square test was used for relevant analysis. The influencing factors of anxiety were discussed by binary logistic regression analysis and generalized linear mixed model, inspection level α = 0.05.




2.4 Ethical statement

This study was approved by the Ethics Committee of The First Affiliated Hospital of Sun Yat-sen University (approval number: Lunshen (2021)566-1), and all of the patients signed the informed consent form.





3 Results



3.1 General information of puerperae in the observation group and control group

Mann–Whitney U-test was used for continuous variables, and chi-square test was used for categorical variables (see Table 1). There were 205 subjects in the GDM group and 201 subjects in the healthy control group. There was statistical significance for differences in age, gestational age, 1h-PG, gestational HBA1c, gestational triglyceride, SAS, history of induced abortion, history of diabetes, and blood glucose control. For the differences in age, gestational age, 1h-PG, gestational HBA1c, gestational triglyceride, SAS, and history of induced abortion between the two groups, P = 0.020, and, for the difference in history of diabetes between the two groups, P = 0.010. The mean age, 1h-PG, gestational HBA1c, gestational triglyceride, and SAS of GDM group were higher than that of the control group, whereas the mean gestational age of GDM group was lower than that of the control group. The proportion of induced abortion history and diabetes history of GDM group was higher than that of the control group. As for BMI, education years, employment status, number of pregnancies, number of deliveries, number of children, payment method, monthly family income, and history of spontaneous abortion, there were no differences between the two groups.


Table 1 | Comparison of basic data between the two groups.






3.2 Binary logistic regression analysis on influencing factors of anxiety in puerperae

The binary logistic regression analysis was conducted with whether anxious or not as the dependent variable and general information as the independent variable, and, for categorical variables, the last was taken as the reference category. The results of univariate analysis for anxiety showed that education years, 1h-PG, and GDM were related to anxiety, with education years as a protective factor and with 1h-PG and GDM as risk factors. The Odds Ratio (OR) value for education years was 0.846 (95% CI, 0.732 to 0.977; P = 0.023), that is, with the increase of education years, the risk of anxiety decreased. For 1h-PG, the OR value was 1.227 (95% CI, 1.057 to 1.424; P = 0.007), that is, the risk of anxiety increased with 1h-PG. The OR value for GDM was 15.093 (95% CI, 3.539 to 64.373; P < 0.001), i.e., patients with GDM had an increased risk of anxiety as compared with those without GDM (see Table 2 for details).


Table 2 | Univariate logistic regression analysis of anxiety disorder in the two groups.






3.3 Multiple linear regression analysis on influencing factors of anxiety in puerperae

After adjustment for age, gender, history of diabetes, employment status, number of pregnancies, history of spontaneous abortion or induced abortion, blood glucose control, HBA1c, triglyceride, GDM, normal delivery or not, and newborn weight, the generalized linear mixed model (Figure 1) showed that there was a correlation between educational age and SAS: For every 1 year increase, SAS decreased by 0.487 (95% CI, −0.823 to −0.151; P = 0.005), the risk of anxiety grade (mild vs. normal) decreased by 0.243 (95% CI, −0.459 to −0.026; P = 0.028), and the risk of anxiety disorder decreased by 0.252 (95% CI, −0.468 to −0.037; P = 0.022), and, so, it was a protective factor for anxiety.




Figure 1 | Generalized linear mixed model: Educational age and SAS.



After adjustment for age, gender, history of diabetes, education years, employment status, number of pregnancies, history of spontaneous abortion or induced abortion, blood glucose controlled or not, HBA1c, triglyceride, normal delivery or not, and neonatal weight, the generalized linear mixed model (Figure 2) showed that GDM was correlated with SAS, and, compared with patients without GDM, patients with GDM had SAS increased by 4.275 (95% CI, 1.167 to 7.382; P = 0.007), risk of anxiety grade (mild vs. normal) increased by 2.434 (95% CI, 0.044 to 4.823; P = 0.046), and risk of anxiety disorder increased by 2.537 (95% CI, 0.146 to 4.928; P = 0.038), which is a risk factor for anxiety.




Figure 2 | Generalized linear mixed model: GDM and SAS.



After adjustment for age, gender, history of diabetes, education years, employment status, number of pregnancies, history of spontaneous abortion, blood glucose controlled or not, HBA1c, triglyceride, GDM, normal delivery or not, and neonatal weight, there was no correlation between history of induced abortion and SAS (Figure 3), whereas there was a correlation between history of induced abortion and anxiety grade (mild vs. normal), and, compared with patients without history of induced abortion, those with history of induced abortion had risk of anxiety grade (mild vs. normal) increased by 2.003 (95% CI, 0.043 to 3.963; P = 0.045) and risk of anxiety disorder increased by 2.026 (95% CI, 0.065 to 3.988; P = 0.043), and, so, it was a risk factor for anxiety.




Figure 3 | Generalized linear mixed model: History of induced abortion and SAS.



After adjustment for age, gender, history of diabetes, education years, employment status, number of pregnancies, history of spontaneous abortion or induced abortion, blood glucose controlled or not, HBA1c, triglyceride, normal delivery or not, and newborn weight, 1h-PG was correlated with SAS (Figure 4), for every 1-unit increase in 1h-PG, SAS increased by 0.384 (95% CI, 0.001 to 0.767; P = 0.049), risk of anxiety grade (mild vs. normal) increased by 0.210 (95% CI, 0.003 to 0.417; P = 0.047), and risk of anxiety disorder increased by 0.222 (95% CI, 0.017 to 0.426; P = 0.034), and, so, it was a risk factor for anxiety.




Figure 4 | Generalized linear mixed model: 1h-PG and SAS.



After adjustment for factors like age, gender, diabetes history, education years, employment status, number of pregnancies, history of spontaneous or induced abortion, blood glucose controlled or not, HBA1c, GDM, normal delivery or not, and newborn weight, the triglyceride had no correlation with SAS (Figure 5), and no correlation with anxiety grade (mild vs. normal) but had a correlation with anxiety disorder, and, for every 1-unit increase in triglyceride, the risk of anxiety was reduced by 0.832 (95% CI, −1.653 to −0.011; P = 0.034).




Figure 5 | Generalized linear mixed model: Triglyceride and SAS.







4 Discussion

To our knowledge, this is one of the first studies to find that the postpartum anxiety score of GDM puerperae was 40.05 ± 7.74, which was much higher than that of healthy puerperae (35.93 ± 7.20). The patients’ education years and triglyceride were protective factors, whereas GDM, history of induced abortion, and 1h-PG were related to anxiety grade as the risk factors.

Education years were a protective factor for anxiety, and, for every 1-year increase in education years, SAS decreased by 0.487, the risk of anxiety grade (mild vs. normal) decreased by 0.243, and the risk of anxiety disorder decreased by 0.252.

Educational age was correlated with SAS as a protective factor for anxiety of puerpera (p < 0.05), which was consistent with the results reported by relevant studies from Japan and Nigeria (11, 21, 22). With many years of education and rich knowledge reserve, the patients can understand the process of pregnancy through various scientific ways and a variety of channels, learn the pressure generated during pregnancy, identify their own physical and psychological problems, deal with problems arising in life actively, and thus find a scientific solutions to their own problems (23). At the same time, for the patients, the more the education years, the higher the ability to accept GDM related knowledge, and their anxiety would be reduced with the understanding of GDM. On the contrary, the less the education years, the higher the anxiety grade and risk.

Triglyceride showed no correlation with SAS and anxiety grade, and triglyceride was related to anxiety. For every 1-unit increase in triglyceride, the risk of anxiety disorder decreased by 0.832.

Driven by the increased resistance of insulin, estrogen, progesterone, and placental prolactin, the physiological and basic levels of plasma total cholesterol and triglyceride during pregnancy were increased to guarantee sufficient energy reserves (glucose, amino acids, and lipids) as well as full development and growth of the fetus (24). For the patients in the study group, the triglyceride level was 2.32 ± 0.94, which was higher than the normal level of puerpera and was consistent with the previous study results (25–28), but still at a normal level (29). Although a high triglyceride level significantly increased the risk of GDM as a risk factor for drug-resistant subtype of GDM (30, 31), our study found that, for every 1-unit increase of triglyceride, the risk of anxiety disorder was reduced by 0.832 (95% CI, −1.653 to −0.011; P = 0.034), which was inconsistent with those in previous studies, suggesting that an appropriate increase in the blood lipid level had a protective effect on the anxiety for the patients.

GDM and 1h-PG were correlated with SAS as risk factors for anxiety. Compared with the patients without GDM, those with GDM had SAS increased by 4.275, risk of anxiety grade increased by 2.434, and risk of anxiety disorder increased by 2.537. For every 1-unit increase in 1h-PG, SAS increased by 0.384, and 1h-PG was related to anxiety grade; for every 1-unit increase in 1h-PG, the risk of anxiety grade increased by 0.210, and the risk of anxiety grade increased by 0.222.

1h-PG and GDM were the risk factors for anxiety, and patients with GDM had an increased risk of anxiety disorder as compared with those without GDM. After inclusion of blood glucose–related indicators, including HBA1c, insulin, and Oral Glucose Tolerance Test (OGTT), 1h-PG showed a positive correlation with the anxiety of patients, and the OR value for 1h-PG was 1.227 (95% CI, 1.057 to 1.424; P = 0.007), that is, the risk of anxiety increased with 1h-PG, which was consistent with that in the study of Zhao et al. (32). An analysis of the International Association of Diabetes and Pregnancy Study Groups has clarified the importance of fasting blood glucose plus 1h-PG for the diagnosis of GDM (33). The above results have indicated that 1h-PG is critical for GDM. Therefore, the rise of 1h-PG may cause anxiety in relevant patients. In clinical nursing, we should pay more attention to the health of patients with elevated 1h-PG.

History of induced abortion showed no correlation with SAS. Compared with patient without history of induced abortion, those with history of induced abortion had risk of anxiety grade increased by 2.003, and the risk of anxiety disorder increased by 2.026, and, so, the history of induced abortion was a risk factor for anxiety. This is a significant finding and also the first report on the relationship between history of induced abortion and postpartum anxiety in patients with GDM globally. Induced abortion may lead to a series of problems, including secondary infertility, ectopic pregnancy, spontaneous abortion, premature delivery, low birth weight, and pregnancy or childbirth complications. Therefore, compared with GDM puerperae without history of induced abortion, those with history of induced abortion have a higher level of postpartum anxiety (34) and a higher incidence of anxiety and depression comorbidity. Specifically, 29% of the puerperae might suffer from severe or mild depression and anxiety comorbidity. In this study, 59 patients with GDM had history of induced abortion, accounting for 28.8%, which was 18.9% higher than that of normal puerperae. In future studies, the frequency and reasons of induced abortion may be considered to further explore the relationship between induced abortion and postpartum anxiety in patients with GDM.

There are several limitations to our study that should be considered. First, the study was conducted at one hospital, and the results may not be as widespread. Second, A self-rating scale was used in this study. Although it has passed the internal consistency test, the results are still not so objective. Third, The study results are limited by sample size. In the future, a multicenter study of large sample size will be carried out to include more pregnant women in the survey, so as to obtain more reliable conclusions.




5 Conclusion

For the first time, this study found the status of anxiety in GDM puerperae and the related influencing factors, which are helpful for early identification and early clinical intervention of postpartum anxiety in GDM puerperae, thus reducing relevant hazards and promoting the maternal and child health as well as the progress of relevant clinical studies.





Data availability statement

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





Ethics statement

This study was approved by the Institutional Review Board (IRB) of the he First Affiliated Hospital of Sun Yat-sen University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

All authors contributed to the study design and data interpretation. FW and JieC were responsible for management and oversight of the study. YY, CL and XZ were responsible for general omnibus data analyses and were keys contributing authors to the manuscript. XY and ZP were responsible for all research interviews and clinical chart reviews associated with this study. SW and JinC provided guidance on the design of primary analyses. CL and MZ assisted with all data collection, analysis, and writing of the manuscript. All authors contributed to the article and approved the submitted version.





Funding

This work was supported by the grant of Natural Science Foundation of Tibet Autonomic Region (XZ 2019 ZR G-152).




Acknowledgments

The authors thank all participants who shared their experiences for this survey.





Conflict of interest

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





References

1. Mack, LR, and Tomich, PG. Gestational diabetes: diagnosis, classification, and clinical care. Obstet Gynecol Clin North Am (2017) 44(2):207–17. doi: 10.1016/j.ogc.2017.02.002

2. Filardi, T, Panimolle, F, Crescioli, C, Lenzi, A, and Morano, S. Gestational diabetes mellitus: the impact of carbohydrate quality in diet. Nutrients (2019) 11(7):1–9. doi: 10.3390/nu11071549

3. Wang, H, Li, N, Chivese, T, Werfalli, M, Sun, H, Yuen, L, et al. IDF diabetes atlas: estimation of global and regional gestational diabetes mellitus prevalence for 2021 by international association of diabetes in pregnancy study group's criteria. Diabetes Res Clin Pract (2022) 183:109050. doi: 10.1016/j.diabres.2021.109050

4. Paul, IM, Downs, DS, Schaefer, EW, Beiler, JS, and Weisman, CS. Postpartum anxiety and maternal-infant health outcomes. Pediatrics (2013) 131(4):e1218–24. doi: 10.1542/peds.2012-2147

5. Parfitt, Y, and Ayers, S. Transition to parenthood and mental health in first-time parents. Infant Ment Health J (2014) 35(3):263–73. doi: 10.1002/imhj.21443

6. Shankar, R, Badker, R, Brain, U, Oberlander, TF, and Misri, S. Predictors of recovery from depression and anxiety in women: A longitudinal study from childbirth to 6 years. Can J Psychiatry (2017) 62(5):318–26. doi: 10.1177/0706743716677725

7. Vengadavaradan, A, Bharadwaj, B, Sathyanarayanan, G, and Durairaj, J. Frequency and correlates of mother-infant bonding disorders among postpartum women in India. Asian J Psychiatr (2019) 44:72–9. doi: 10.1016/j.ajp.2019.07.004

8. Miller, ES, Hoxha, D, Wisner, KL, and Gossett, DR. The impact of perinatal depression on the evolution of anxiety and obsessive-compulsive symptoms. Arch Womens Ment Health (2015) 18(3):457–61. doi: 10.1007/s00737-014-0476-x

9. Lara-Cinisomo, S, McKenney, K, Di Florio, A, and Meltzer-Brody, S. Associations between postpartum depression, breastfeeding, and oxytocin levels in latina mothers. Breastfeed Med (2017) 12(7):436–42. doi: 10.1089/bfm.2016.0213

10. Luo, Z, Xue, L, Ma, L, and Liu, Z. Comorbid anxiety and depression and related factors among pregnant and postpartum chinese women during the coronavirus disease 2019 pandemic. Front Psychol (2021) 12:701629. doi: 10.3389/fpsyg.2021.701629

11. Nakic, RS, Tadinac, M, and Herman, R. Anxiety during pregnancy and postpartum: course, predictors and comorbidity with postpartum depression. Acta Clin Croat (2018) 57(1):39–51. doi: 10.20471/acc.2018.57.01.05

12. van der Zee-van den Berg, AI, Boere-Boonekamp, MM, Groothuis-Oudshoorn, CGM, and Reijneveld, SA. Postpartum depression and anxiety: a community-based study on risk factors before, during and after pregnancy. J Affect Disord (2021) 286:158–65. doi: 10.1016/j.jad.2021.02.062

13. Sawyer, A, Ayers, S, and Smith, H. Pre- and postnatal psychological wellbeing in Africa: a systematic review. J Affect Disord (2010) 123(1-3):17–29. doi: 10.1016/j.jad.2009.06.027

14. Reck, C, Struben, K, Backenstrass, M, Stefenelli, U, Reinig, K, Fuchs, T, et al. Prevalence, onset and comorbidity of postpartum anxiety and depressive disorders. Acta Psychiatr Scand (2008) 118(6):459–68. doi: 10.1111/j.1600-0447.2008.01264.x

15. Marchesi, C, Ossola, P, Amerio, A, Daniel, BD, Tonna, M, and De Panfilis, C. Clinical management of perinatal anxiety disorders: A systematic review. J Affect Disord (2016) 190:543–50. doi: 10.1016/j.jad.2015.11.004

16. Oyetunji, A, and Chandra, P. Postpartum stress and infant outcome: A review of current literature. Psychiatry Res (2020) 284:112769. doi: 10.1016/j.psychres.2020.112769

17. Fallon, V, Groves, R, Halford, JC, Bennett, KM, and Harrold, JA. Postpartum anxiety and infant-feeding outcomes. J Hum Lact (2016) 32(4):740–58. doi: 10.1177/0890334416662241

18. Daniells, S, Grenyer, BF, Davis, WS, Coleman, KJ, Burgess, JA, and Moses, RG. Gestational diabetes mellitus: is a diagnosis associated with an increase in maternal anxiety and stress in the short and intermediate term? Diabetes Care (2003) 26(2):385–9. doi: 10.2337/diacare.26.2.385

19. Bogaerts, AF, Devlieger, R, Nuyts, E, Witters, I, Gyselaers, W, and Van den Bergh, BR. Effects of lifestyle intervention in obese pregnant women on gestational weight gain and mental health: a randomized controlled trial. Int J Obes (Lond) (2013) 37(6):814–21. doi: 10.1038/ijo.2012.162

20. Dunstan, DA, Scott, N, and Todd, AK. Screening for anxiety and depression: reassessing the utility of the Zung scales. BMC Psychiatry (2017) 17(1):329. doi: 10.1186/s12888-017-1489-6

21. Matsumura, K, Hamazaki, K, Tsuchida, A, Kasamatsu, H, Inadera, H,, and Japan Environment and Children’s Study (JECS) Group. Education level and risk of postpartum depression: results from the Japan Environment and Children's Study (JECS). BMC Psychiatry (2019) 19(1):419. doi: 10.1186/s12888-019-2401-3

22. Agbaje, OS, Anyanwu, JI, Umoke, PIC, Iwuagwu, TE, Iweama, CN, Ozoemena, EL, et al. Depressive and anxiety symptoms and associated factors among postnatal women in Enugu-North Senatorial District, South-East Nigeria: a cross-sectional study. Arch Public Health (2019) 77:1. doi: 10.1186/s13690-018-0329-6

23. Naicker, K, Johnson, JA, Skogen, JC, Manuel, D, Øverland, S, Sivertsen, B, et al. Type 2 diabetes and comorbid symptoms of depression and anxiety: longitudinal associations with mortality risk. Diabetes Care (2017) 40(3):352–8. doi: 10.2337/dc16-2018

24. Mauri, M, Calmarza, P, and Ibarretxe, D. Dyslipemias and pregnancy, an update. Clin Investig Arterioscler (2021) 33(1):41–52. doi: 10.1016/j.artere.2020.12.005

25. Schaefer-Graf, UM, Meitzner, K, Ortega-Senovilla, H, Graf, K, Vetter, K, Abou-Dakn, M, et al. Differences in the implications of maternal lipids on fetal metabolism and growth between gestational diabetes mellitus and control pregnancies. Diabetes Med (2011) 28(9):1053–9. doi: 10.1111/j.1464-5491.2011.03346.x

26. Danielsen, I, Granström, C, Haldorsson, T, Rytter, D, Hammer Bech, B, Henriksen, TB, et al. Dietary glycemic index during pregnancy is associated with biomarkers of the metabolic syndrome in offspring at age 20 years. PloS One (2013) 8(5):e64887. doi: 10.1371/journal.pone.0064887

27. Ryckman, KK, Spracklen, CN, Smith, CJ, Robinson, JG, and Saftlas, AF. Maternal lipid levels during pregnancy and gestational diabetes: a systematic review and meta-analysis. BJOG (2015) 122(5):643–51. doi: 10.1111/1471-0528.13261

28. Han, L, Ma, J, Wang, S, and Li, Z. Evaluation of bone mineral density in patients with gestational diabetes mellitus by ultrasonic bone mineral density measurement combined with Vitamin-D deficiency and analysis of influencing factors. Pak J Med Sci (2022) 38(4Part-II):933–8. doi: 10.12669/pjms.38.4.5090

29. Larsson, A, Palm, M, Hansson, LO, and Axelsson, O. Reference values for clinical chemistry tests during normal pregnancy. BJOG (2008) 115(7):874–81. doi: 10.1111/j.1471-0528.2008.01709.x

30. Wang, Y, Lu, S, Xu, X, Zhang, L, Yang, J, and Hu, W. The interactive effects of pre-pregnancy body mass index, thyroid function, and blood lipid levels on the risk of gestational diabetes mellitus: a crossover analysis. BMC Pregnancy Childbirth (2022) 22(1):580. doi: 10.1186/s12884-022-04908-4

31. Zhang, C, Bai, L, Sun, K, Ding, G, Liu, X, Wu, Y, et al. Association of maternal triglyceride responses to thyroid function in early pregnancy with gestational diabetes mellitus. Front Endocrinol (Lausanne) (2022) 13:1032705. doi: 10.3389/fendo.2022.1032705

32. Zhao, MZ, Wei, J, Duan, YP, Hong, X, Jiang, J, Ma, LK, et al. [Association between gestational diabetes mellitus and postpartum depressive episode]. Zhongguo Yi Xue Ke Xue Yuan Xue Bao (2022) 44(3):422–7. doi: 10.3881/j.issn.1000-503X.14742

33. Weinert, LS. International Association of Diabetes and Pregnancy Study Groups recommendations on the diagnosis and classification of hyperglycemia in pregnancy: comment to the International Association of Diabetes and Pregnancy Study Groups Consensus Panel. Diabetes Care (2010) 33(7):e97. doi: 10.2337/dc10-0544

34. Giannandrea, SA, Cerulli, C, Anson, E, and Chaudron, LH. Increased risk for postpartum psychiatric disorders among women with past pregnancy loss. J Womens Health (Larchmt) (2013) 22(9):760–8. doi: 10.1089/jwh.2012.4011




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

Copyright © 2023 Zeng, Yan, Yang, Peng, Wei, Chen, Wu, Chen, Zhao and Luo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.












	 
	

	TYPE Original Research
PUBLISHED 04 December 2023
DOI 10.3389/fpsyt.2023.1148643





Effects of elevated emotional symptoms on metabolic disease development: a 10-year follow-up study

Yolanda Sanchez-Carro1,2,3, Alejandro de la Torre-Luque3,4*, Christina Vassou5, Pilar Lopez-Garcia1,2,3, Ekavi Georgousopoulou5, Christos Pitsavos6, José Luis Ayuso-Mateos1,2,3 and Demóstenes Panagiotakos5

1Department of Psychiatry, Universidad Autonoma de Madrid, Madrid, Spain

2Department of Psychiatry, Instituto de Investigación Sanitaria Princesa (IIS Princesa), Madrid, Spain

3Center for Biomedical Research in Mental Health (CIBERSAM), Carlos III Health Institute, Madrid, Spain

4Department of Legal Medicine, Psychiatry and Pathology, Universidad Complutense de Madrid, Madrid, Spain

5School of Health Sciences and Education, Harokopio University, Athens, Greece

6First Cardiology Clinic, School of Medicine, University of Athens, Athens, Greece

[image: image]

OPEN ACCESS

EDITED BY
Martine Elbejjani, American University of Beirut, Lebanon

REVIEWED BY
Pillaveetil Sathyadas Indu, Government Medical College, India
Mona Nasrallah, American University of Beirut, Lebanon

*CORRESPONDENCE
Alejandro de la Torre-Luque, af.delatorre@ucm.es

RECEIVED 20 January 2023
ACCEPTED 07 November 2023
PUBLISHED 04 December 2023

CITATION
Sanchez-Carro Y, de la Torre-Luque A, Vassou C, Lopez-Garcia P, Georgousopoulou E, Pitsavos C, Ayuso-Mateos JL and Panagiotakos D (2023) Effects of elevated emotional symptoms on metabolic disease development: a 10-year follow-up study.
Front. Psychiatry 14:1148643.
doi: 10.3389/fpsyt.2023.1148643

COPYRIGHT
© 2023 Sanchez-Carro, de la Torre-Luque, Vassou, Lopez-Garcia, Georgousopoulou, Pitsavos, Ayuso-Mateos and Panagiotakos. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

Background: In recent decades, the relationship between emotional disorders (i.e., depression and anxiety) and alterations in physiological functions (i.e., inflammation or metabolism) have been well supported. However, studies on a symptom-based approach have provided mixed results. Our study aims to gain insight into how subclinical statuses, featured by elevated depressive and/or anxious symptoms, may influence immunometabolic alterations in the concurrent relationship; and the development of metabolic diseases at 10-year follow-up: diabetes, hypertension and hypercholesterolemia.

Methods: Data from 758 Greek adults [394 men (aged 41 ± 10 years) and 364 women (aged 37 ± 12 years)] were used. Four groups were created according to the levels of depressive and anxiety symptoms: (1) control group (CG), (2) depressive group (DG), (3) anxiety group (AG) and (4) depressive and anxiety group (DAG). Multi-indicator multi-causes (MIMIC) modeling was used to estimate metabolic function and inflammatory response scores, on a wide selection of blood biomarkers. Finally, a binary logistic regression was carried out to study the influence of symptoms on the development of the aforementioned metabolic diseases on a 10-year follow-up.

Results: Group membership was not associated with metabolic function score. Conversely, DAG membership was related with higher inflammatory response score (B = 0.20, CI95 = 0.01, 0.40), with respect to the CG (p < 0.05). Both age and sex were significant variables in the calculation of both scores. Regarding disease at 10-year follow-up effect, risk of developing diabetes, hypertension and hypercholesterolemia was associated with age and socioeconomic status. Moreover, DG membership was significant for diabetes risk (OR = 2.08, CI95 = 1.00, 4.22) and DAG for hypercholesterolemia (OR = 1.68, CI95 = 1.16, 2.43).

Limitations: Data on anti-inflammatory drugs and psychopharmacological medication were not collected in this study.

Conclusions: Elevated symptoms of depression and anxiety accounts for inflammatory alterations at concurrent relationship and a higher risk of 10-year follow-up metabolic diseases.
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1 Introduction

Emotional disorders (i.e., depression and anxiety) are considered among the top five mental conditions with higher impact, worldwide. In 2015, it is estimated that 4.4% of the world population suffered from a depressive disorder and 3.6% from an anxiety disorder (1). Moreover, comorbidity is quite common between both conditions, observing shared pathophysiological mechanisms and risk factors (2–4). Importantly, emotional disorders may account for large proportion of years of life lived with disability across the lifespan (5, 6).

Emotional disorders may have a critical impact for patients at the individual level, as well as for healthcare provision systems at the socioeconomic level. Further research should be done to improve the understanding of pathophysiological mechanisms to contribute for treatment optimization. In last decades, mounting evidence has stressed the existing relationship between depression and inflammation (7–10). In this line, some depressive endophenotypes (i.e., atypical depression) have been related to evident disturbances in the (pro-)inflammatory response (11–13). Less is known on the relationship between anxiety and inflammation (14). However, existing studies also point to an elevated pro-inflammatory response in patients with an anxiety disorder (10, 15). This inflammation could lead to the occurrence of metabolic diseases comorbid with depression and anxiety, as it seems to have a mediating role in both pathologies, for example, patients with depression are at higher risk of high blood pressure and patients with type 2 were 1.2–2.3 times more likely to have depressive symptoms than the general population (16). The relationship between the two (i.e., emotional disorders and metabolic diseases) seems to be mediated by inflammation. For instance, some evidence stressed a mediating role of NLRP3 inflammatory bodies in hippocampal neuroinflammation and depression-like behavior (16, 17). Thus, the metabolic alteration, would be preceded by an altered inflammatory status.

Unfortunately, studies on comorbid anxiety and depression are scarce. It would be expected to find wider inflammatory alterations in patients with comorbid emotional disorders for several reasons. First, patients with inflammatory diseases have an increased risk of developing both anxiety and depressive disorders (18, 19). Second, both emotional disorders may share some common altered mechanisms. A dysregulation of the hypothalamic pituitary adrenal axis (HPA) is observed in both disorders (20–22), which becomes more evident when they occur together (23).

Dysregulation of the HPA axis, seems to play a role in the immunometabolic alterations observed in patients, such as increased production of cytokines [i.e., Tumor necrosis factor (TNF-α) or interleukin 6 (IL- 6)] (24) and consequent induction of acute phase inflammatory proteins [i.e., and C-reactive protein (CRP) or serum amyloid A (SAA)] (25) and metabolic dysregulation [i.e., stimulation of the release of lipids into the bloodstream, increased triglycerides and decreased cholesterol linked to high-density lipoproteins (HDL-C) or alterations in total cholesterol levels] (26). Moreover, the dysregulation of cortisol secretion may induce alterations in lipid and glucose metabolism that can contribute to metabolic disease development, such as diabetes, hypercholesterolemia or hypertriglyceridemia (27). Evidence is less consistent on the development of cardiovascular conditions and it seems that other mediating pathways (i.e., kynurenine path) may be involved (28).

Although most of the available studies are cross-sectional (8, 9, 14), the longitudinal studies carried out to date seem to relate the presence of emotional disorders with immunometabolic alterations in the short and long term (23, 29–35). Moreover, short-term alterations in the immunometabolic response have also been observed among individuals with subclinical emotional conditions (36–39). Unfortunately, longitudinal studies are scarce on the relationship between subclinical (symptom-based) emotional conditions and metabolic disease development.

The study of subclinical conditions become crucial for prevention to tackle the development of full-blown conditions and mitigate its impact over time. This study aimed to analyze the relationship between subclinical conditions featured by elevated emotional symptoms (i.e., depressive and/or anxious symptoms) and immunometabolic dysregulation at concurrent relationship (diverted levels of immunometabolic markers in plasma) and disease at 10-year follow-up. We hypothesize that participants with elevated levels of both depressive and anxious symptoms would show altered immunometabolic profiles in comparison with people without elevated symptoms. Moreover, it is hypothesized that the presence of comorbid depression-anxiety symptoms would contribute to the development of chronic metabolic diseases (particularly diabetes and hypercholesterolemia) over a 10-year follow-up.



2 Materials and methods


2.1 Study sample

Data from the 10-year follow-up of the ATTICA study (40) were used to satisfy the study aims. The ATTICA study is a population-based cohort focused on examining social, demographic, lifestyle, clinical and biological characteristics of apparently healthy Greek adults living in the greater metropolitan area of Athens (Greece), on cardiovascular disease incidence, and other health-related conditions. In brief, a baseline survey was carried out during 2001–2002 and a sample of 4056 adults was invited to participate (78% from urban area). This survey relied on a random, multi-stage cluster sampling (considering age and sex distribution of the Attica region in 2001). A total of 3042 individuals (18–89 years old, 49% men) agreed to participate (75% response rate). A follow-up survey was conducted during 2011–2012. Most of participants were enrolled the follow-up survey (n = 2583; 85% response rate).

A randomly selected subsample of the ATTICA cohort completed questionnaires on emotional symptoms. Concretely, a sample of 758 adults was used [394 men (aged 41 ± 10 years) and 364 women (aged 37 ± 12 years)]. Further details on how the subsample was reached and randomization algorithm are provided elsewhere (41). The final sample comprised 615 participants (50.98% women; m = 39.20 years, sd = 10.96). Participants were dropped out because: being older than 65 years at baseline (n = 3), blood sample not available (n = 137) or death at follow-up (n = 3). Significant differences were found between the random subsample initially selected and final sample in analysis, only in terms of family composition at baseline [χ2 (2) = 8.99, p < 0.05, Cramer’s V = 0.10], with higher proportion of married individuals in the final sample (62.74%) than the one from the drop-out sample (51.75%); and in terms of depressive symptom levels [t (204.66) = 2.09, p < 0.05, Cohen’s d = 0.2], with lower symptoms in the subsample in analysis (m = 35.12, sd = 7.35) in comparison to the drop-out one (m = 36.62, sd = 7.82).



2.2 Demographic, clinical and lifestyle characteristics

Baseline survey included questions about demographic features (i.e., gender, age, marital status, education level and financial status), anthropometric measures [i.e., height, weight, and body mass index (BMI)], history of medical conditions as well as lifestyle habits (i.e., dietary assessment, alcohol consumption, tobacco use and physical activity). The assessment protocol has already been described elsewhere (42).

Depressive symptoms were assessed using the validated Greek translation of the Zung’s Self-Rating Depression Scale (ZDRS) (43, 44). ZDRS consists of 20 items covering affective, psychological, and somatic symptoms. To perform the assessment, the patient indicates how often they experience a particular symptom (i.e., 1 = some of the time, 2 = some of the time, 3 = a good part of the time, or 4 = most of the time). The ZDRS total score range is 20–80; with higher values indicating more severe depression symptoms.

Anxiety symptoms were assessed using the validated Greek translation of the Spielberger State Anxiety Inventory (STAI), which is a 20-item self-administered questionnaire (45). The 20 items are scored from 1 to 4 in terms of frequency categories with respect to (never, sometimes, many times, always) and the total scores are obtained by adding the values assigned to each response (46). The total score of the 20-item STAI ranges from 20 to 80 with higher score values being indicative of more severe anxiety symptoms (47).



2.3 Biochemical measurements

All participants were summoned on after 12 h of fasting, to carry out the blood test from 8 to 10 a.m. All the blood samples were collected under the same procedure (in a sitting position and were collected from the antecubital vein) and were carried out in the same laboratory that followed the criteria of the World Health Organization Lipid Reference Laboratories.


2.3.1 Metabolic measures

The metabolic indicators were selected according to the National Cholesterol Education Program’s Adult Treatment Panel III (revised) report guidelines for metabolic syndrome (MetS) (48). Triglycerides, high density lipoprotein (HDL)-C and blood sugar levels were quantified to know the metabolic state of participants. These biochemical examinations were measured using chromatographic enzymic method in a Technico Automatic Analyzer RA-1000 (Dade Behring Marburg, Germany). In addition, waist circumference, as well as systolic and diastolic blood pressure were measured to determine the metabolic risk factors.

For assessing the validity of the methods details may found elsewhere (41).



2.3.2 Inflammatory measures

The blood samples for the inflammatory biomarkers were taken under the same procedure, at the same time and place as the samples collected for the analysis of metabolic markers. C-Reactive Protein (CRP) and serum amyloid – A (SAA) were assayed by particle-enhanced immunonephelometry (N Latex, Dade-Behring Marburg GmbH, Marburg, Germany) (49). Interleukin-6 (IL-6) levels were quantified with high sensitivity enzyme linked immunoassay (R&D System Europe Ltd., Abingdon, UK) and tumor necrosis factor (TNF)-α was measured with ELISA method (Quantikine HS/human TNF-α immunoassay kit, R&D Systems, Inc., Minneapolis, USA) (49).




2.4 Follow-up examination

The ATTICA Study’s investigators performed the 10-year follow-up (median follow-up time 8.41) [see in Georgousopoulou et al. (40)]. During follow-up, the presence or absence of diabetes, hypercholesterolemia and hypertension was determined as follows.

Regarding metabolic diseases, some standard criteria were adopted. First, diabetes diagnosis was determined by fasting blood glucose levels greater than 125 mg/dL or the use of antidiabetic medication. Hypercholesterolemia was defined as total serum cholesterol levels greater than 200 mg/dL or the use of lipid-lowering agents. The presence of hypertension was determined by values greater than or equal to 140/90 mmHg or by being under hypertensive medication. Blood pressure was measured with the participant sitting and resting for at least 30 min, the specialist doctor performed three measurements on the right arm, in a 45° position and leaning on the table with the aneroid manometric sphygmomanometer (ELKA, Von Schlieben Co., Munich, Germany). The level of systolic blood pressure was determined by the first perception of sound and the diastolic was determined by phase V when the repetitive sounds disappear completely [for more information on how the samples were collected, see (41)].



2.5 Data analysis

Multi-indicator multi-causes (MIMIC) modeling was used to estimate both a metabolic risk score and an inflammatory response score from the biomarkers. MIMIC modeling constitutes a Structural Equation Modeling (SEM) extension to study nested relationships, simultaneously allowing for identifying underlying (latent) factors that are measured by multiple indicators and controlling for other confounding effects (50). Thus, the metabolic risk score was estimated by means of blood (triglycerides, HDL-C, blood sugar, all of them in loglinear scale), cardiovascular (arterial blood pressure) and anthropometric (waist diameter) indicators. Likewise, the inflammatory response score was estimated by using blood indicators (CRP, SAA, IL-6 and TNF-α). Score estimation was conducted controlling for relevant lifestyle covariates (Mediterranean diet adherence, physical activity, smoking and alcohol use). The diagonally weighted least squares (DWLS) methods were used for model estimation, as some binary (e.g., hypertension diagnosis, smoking, alcohol use) and categorical (physical exercise) were included in our analysis. Standard error estimation was based on bootstrapping methods with 1000 samples, that ensures reliable estimates are derived. Fit indexes used to assess goodness-of-fit of MIMIC models were the χ2 statistic, the root mean square error of approximation index (RMSEA), the comparative fit index (CFI), the Tucker-Lewis index (TLI), and the standardized root mean square residual (SRMR). According to Hu and Bentler (51), adequate model fit is indicated by values of RMSEA < 0.08, CFI ≥ 0.95, TLI ≥ 0.95, and SRMR < 0.08.

For the purposes of our study, sample was categorized into four groups regarding levels of depressive and anxiety symptoms: (1) control group (CG), featured by low levels of depressive and anxiety symptoms; (2) depressive group (DG), comprising individuals with depressive symptom levels overpassing the third quartile of distribution cut-off point and low levels of anxiety symptoms; (3) anxiety group (AG), whose members showed low depressive symptoms but anxiety symptoms overpassing the third quartile of distribution cut-off point; and (4) depressive and anxiety group (DAG), whose members showed elevated levels of both anxiety and depressive symptoms.

Relationship between the metabolic risk and inflammatory scores derived from the MIMIC models (i.e., predicted scores) and study group membership was studied using linear regression. Sex and age were used as covariates. The adjusted R2 was used as an effect size estimate. Beta coefficients and their CI95 was used to explore loading magnitude.

To predict the development of metabolic diseases (i.e., diabetes, hypertension and hypercholesterolemia) over the 10-year follow-up, logistic binary regression was used. Participants with suspected baseline diabetes (glucose level > 126 mg/dL; n = 15), hypertension (systolic blood pressure ≥ 140 or diastolic blood pressure ≥ 90; n = 172) or hypercholesterolaemia (total cholesterol level > 240; n = 57) were removed from analysis for the 10-year outcome. Taking into account the metabolic risk scores at baseline allows to control the levels of markers associated with metabolic alterations, as an additional adjustment following the exclusion of participants with suspected baseline disease for each outcome of interest.

Invariant (sex), and baseline covariates (age, financial status, emotional group and metabolic score) were considered. The baseline inflammatory response score was considered as a weighting factor for the within-subject heteroscedasticity structure, due to the potential influence on the development of both metabolic conditions and emotional disorders.

The Akaike information criterion (AIC) was used to compare the fit of an unconstrained model (model without covariates), a model with sociodemographic covariates (age and financial status) and a model with all the covariates (full model: age, financial status, emotional group and metabolic score). A better fit was proven by a lower AIC of the full model in comparison to the unconstrained one. In addition, the area under the receiver operating curve (AUC) was used as a classification accuracy estimate. AUC > 0.70 indicates adequate accurate in classification. The odds ratio (OR) estimate was used to explore loading magnitude.

All analyses were performed using the R software × 64 3.0.1 (l cmm, ROCR, psych and lmerTest packages).




3 Results

The descriptive statistics are displayed in Table 1, as well as group comparison according to their scores in depressive and anxious symptom scales: CG (61.32% of sample), DG (13.24), AG (11.52%) and DAG (13.90%) (see Table 1).


TABLE 1    Sociodemographic, clinical and lifestyle factors according to study group (n = 755).
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Regarding the sociodemographic variables, we observed significant differences between the study groups. There was a higher percentage of men with anxiety (62.07%) compared to those in the DG and DAG groups, in which there was a higher percentage of women (68 and 65.71%, respectively). Significant differences were also observed in the variable of years of schooling (F = 29.17; p < 0.01; η2partial = 0.04) and in marital status (χ2 = 17.04; p < 0.01; Cramer’s V = 0.11). The CG had more years of schooling (m = 13.51; sd = 3.27) than the rest of the participants, being participants from the DAG those with the lowest number of years of schooling (m = 11.77; sd = 3.54).

Regarding the emotional symptoms, between-group differences were evident for both the depression (F = 531.05; p < 0.01; η2partial = 0.41) and the anxiety symptoms (F = 1095.28; p < 0.01; η2partial = 0.59). In terms of lifestyle factors, there were significant differences, both in physical exercise and in current alcohol consumption. The DG participants were those who carried out the least level of physical activity compared to the rest of the groups and those who had the least current alcohol consumption.

Finally, data on immunometabolic biomarkers are displayed in Table 1. Significant differences were obtained between the study groups only in CRP levels. The group that had the highest levels of this inflammatory protein was the AG (m = 2.32; sd = 2.9), followed by DAG (m = 2.28; sd = 3.03), CG (m = 1.74; sd = 2.21) and DG (m = 1.73; sd = 2.57). No significant differences were observed between the groups analyzed for metabolic diseases at follow-up.


3.1 Metabolic and inflammatory profiles

The MIMIC model on the inflammatory score was significant and showed adequate fit indexes (χ2 = 36.54, df = 14, p < 0.01; RMSEA = 0.046, CFI = 0.953, TLI = 0.975, SRMR = 0.021). Parameters from the MIMIC model are included in the Supplementary Table 1, as well as correlations between the calculated inflammation score and the inflammatory biomarkers (Supplementary Figure 1). Higher inflammation scores were indicative of elevated inflammation.

In terms of group comparison on the inflammatory score using linear regression, a significant relationship was found between the inflammatory score and the study groups, considering sex and age as covariates (F5,749 = 37.24, p < 0.001, R2adj = 0.19). Inflammation scores according to the study groups are displayed in the Figure 1. Specifically, the DAG group showed a significantly different loading than the CG group (B = 0.20, t = 2.03, p < 0.05). Sex (being a woman) (B = 0.20, t = 2.96, p < 0.01) and age were also significant (B = 0.04, t = 12.24, p < 0.001). Regression coefficients are displayed in Table 2.


[image: image]

FIGURE 1
Inflammatory and metabolic risk scores according to the study groups. The inflammatory (A) and metabolic risk (B) scores were calculated using Multiple Indicators Multiple Causes (MIMIC) models. The scores were scaled on a 0–100 scale. For both scores, the higher the score the lower the inflammation/metabolic risk. Both scores were calculated controlling for lifestyle factors (i.e., Mediterranean diet adherence, physical activity and smoking), age and sex at birth. The indicators used for inflammatory score calculation were the C-reactive protein, Interleukin 6, Serum amyloid A, and Tumor necrosis factor α. Indicators used for metabolic risk calculation were waist circumference, blood glucose level, triglycerides, high-density lipoprotein level and hypertension diagnosis. CG, control group; DG, group with elevated depressive symptoms; AG, group with elevated anxiety symptoms; DAG, group with elevated depressive and anxiety symptoms. Whiskers represent the 95% confidence interval of the mean. *p < 0.05.



TABLE 2    Regression loadings to explain inflammatory and metabolic risk score.
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The MIMIC model to estimate the metabolic risk score also showed adequate fit indexes (χ2 = 61.30, df = 21, p < 0.001; RMSEA = 0.050, CFI = 0.961, TLI = 0.982, SRMR = 0.062). Parameters from the metabolic model are included in the Supplementary Table 2, as well as correlations between the calculated metabolic score and the metabolic biomarkers (Supplementary Figure 1). The higher the metabolic risk score, the higher the risk of metabolic dysregulation.

Regarding the relationship between the metabolic risk profile scores and the study group and covariates, the linear regression (F5,749 = 261.2, p < 0.001, R2adj = 0.63) revealed the significant relationship of the score with sex (being a woman) (being a woman) (B = 19.26, t = 31.12, p < 0.01) and age (B = 0.31, t = 11.11, p < 0.01). No significant relationships were found in terms of study groups (see Table 2 and Figure 1).



3.2 Metabolic diseases 10 years later

The model that showed a better fit for the disease at 10-year follow-up prediction of diabetes was the model that included all covariates (full model) (AIC = 406.05), compared to the model without covariates (AIC = 464.73) and the model that included the sociodemographic variables (AIC = 414.95). This model also showed adequate precision in the classification (AUC = 0.81).

The factors significantly related to the development of diabetes (sample in analysis, n = 600) were age (OR = 1.09, Wald’s Z = 5.01, p < 0.01) the economic status of the second (OR = 0.64, Wald’s Z = −1.99, p < 0.05) third (OR = 0.35, Wald’s Z = 3.25, p < 0.01) and fourth quartile (OR = 0.37, Wald’s Z = −3.34, p < 0.01), with respect to the participants of the first quartile; DG membership (OR = 2.08, Wald’s Z = 2.19, p < 0.05) and the metabolic risk score (OR = 1.05, Wald’s Z = 3.06, p < 0.01) (see Table 3).


TABLE 3    Logistic binary regression to predict metabolic diseases.
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The full model to predict hypertension development (sample in analysis, n = 443) showed a better fit to data (AIC = 647.59), in comparison to the unconstrained model (AIC = 684.39) and the model that included sociodemographic variables (AIC = 658.81). The precision of the full model was considered adequate (AUC = 0.70).

The factors significantly related to the development of hypertension over the follow-up were sex (OR = 0.06, Wald’s Z = −2.21, p < 0.05), age (OR = 1.04, Wald’s Z = 4.34, p < 0.01) and metabolic risk score (OR = 1.26, Wald’s Z = 3.34, p < 0.01) (see Table 3).

The model without covariates (AIC = 1675.01) and the one that included the sociodemographic variables (AIC = 1536.10) showed a worse fit than the full model for hypercholesterolemia (sample in analysis, n = 558) (AIC = 1525.33). The full model also showed an adequate precision to predict hypercholesterolemia development (AUC = 0.73).

In Table 3, it can be seen that the variables that were significantly related to the development of hypercholesterolemia in the 10-year follow-up were age (OR = 1.46, Wald’s Z = 2.09, p < 0.05), second (OR = 1.69, Wald’s Z = 2.51, p < 0.05), third (OR = 1.74, Wald’s Z = 2.35, p < 0.05) and fourth financial status quartile membership (OR = 1.06, Wald’s Z = 7.68, p < 0.01); DAG membership (OR = 1.68, Wald’s Z = 2.55, p < 0.01) and metabolic risk score (OR = 1.03, Wald’s Z = 2.90, p < 0.01).




4 Discussion

This study aimed to gain insight into the relationships between subclinical profiles, featured by elevated emotional symptoms (i.e., depression and anxiety symptoms), and immunometabolic alterations. Our study involved a concurrent relationship (i.e., blood inflammatory response and metabolic biomarkers) and disease at 10-year follow-up (i.e., development of chronic metabolic diseases) approach. Individuals with symptoms of anxiety and with symptoms of anxiety and depression had higher CRP levels relative to the control group. However, no differences were observed between the groups (i.e., CG, DG, AG and DAG) in the comparison of the other inflammatory markers (i.e., IL-6, SAA and TNF-α) and metabolic markers (i.e., waist circumference, fasting glucose, triglycerides, HDL cholesterol, SBP and DBP). On the other hand, the DAG group showed higher inflammatory score and was the only group with significant differences with respect to CG. No differences were observed in the metabolic risk profiles between the different groups. At 10-year follow-up, individuals with elevated depressive symptoms had an increased risk of developing diabetes and hypercholesterolemia (in this case when comorbid anxiety systems were present) during the 10-year follow-up.

Our study provided some evidence on the influence of emotional disorders on inflammatory and metabolic function, even from subclinical statuses (i.e., statuses of elevated symptoms, regardless of other criteria to be fulfilled, such as daily interference or functional impairment). The association between inflammation and depression has been supported by studies with clinical samples (15, 25, 52–56). In fact, some emotional symptoms (i.e., anhedonia, hypervigilance, insomnia) may be conceptualized as defensive reactions against (psychological, social) pathogens, leading to increased inflammatory response (57). On the other hand, our study revealed that subclinical profiles of emotional symptoms were not associated with metabolic risk at baseline. Numerous studies have shown significant relationships between metabolic risk and emotional disorders (58, 59). The relationship between emotional disorders and metabolic risk becomes stronger in the older age, due to the effect of the progressive increase of low-grade systemic inflammation with age (60). We speculate that the statuses of full-blown disorders, qualitatively distinct from normal expression variations in both degree and kind, are needed to mobilize alterations in lipid metabolism. In the studies by van Reedt Dortland et al. (61) and Vogelzangs et al. (62), they followed this line because they found no associations with the dichotomous classification by emotional symptoms, only reporting this association in more severe patients.

Different studies support the association between major depressive disorder and the presence of MetS (12, 32, 59, 63, 64). In addition, depression has been determined as a risk factor for the development of metabolic abnormalities such as obesity and adverse patterns of lipoproteins (12). Regarding the relationship between anxiety and metabolic alterations, it has been less studied (61, 62, 65–68), not always finding positive results due to the heterogeneity of the samples and methodologies used (66–68).

Risky lifestyles, as well as the consumption of psychotropic drugs, have some relevance in the association between MetS and emotional disorders because they can alter metabolic patterns (32, 61). In addition, depression and anxiety are stress-related disorders, by which systemic cortisol action occurs along with alterations in glucocorticoid sensitivity and HPA axis action (32, 64). Derived from the deregulation of the HPA axis, the body is favored to accumulate visceral adipose tissue, an active endocrine organ that produces cytokines and inflammatory hormones (32). The greater proinflammatory response activates the release of lipids into the bloodstream, producing a reduction in HDL cholesterol together with an increase in triglycerides (64). This fact, together with the greater production of oxidative stress and dysregulation of the autonomic nervous system derived from the stressed state of the patients, interacts with the glucose homeostasis and insulin resistance, related to the factors that make up MetS (64). All these alterations produced in the organism of people with emotional disorders are those found after the association with MetS.

Patients with depression or anxiety often adopt unhealthy lifestyle habits, such as smoking (69, 70), increased intake of foods high in fat or sugar (71) or sedentary lifestyle (72, 73) that also have a determinant effect on their health status (74). In the sample of our work, we observed significant differences in physical exercise and alcohol intake. On the one hand, the DG group was the one with the highest percentage of individuals who performed little physical activity. Previous studies have shown that patients with depression perform little physical activity, with 88% of them not complying with the recommended guidelines (at least 150 min/week of moderate-intensity aerobic physical activity or 150 min/week of vigorous physical activity) (75, 76). On the other hand, it has been observed that low levels of physical activity are associated with increased risk of depression in the general population (77). In fact, people who exercise regularly show almost 45% less likelihood of having depressive symptoms, being able to be used for the prevention of this disease (78, 79).

Regarding alcohol intake, we observed that the CG subjects were more likely to consume alcohol than the other groups. In contrast, the DG group was the least likely to consume alcohol. Not consuming alcohol was associated with the diagnosis of depression in previous studies (80), and this lower alcohol consumption could be associated with the need for psychopharmacological treatment.

Statuses with comorbid elevated anxiety and depression symptoms may put individuals at higher risk of inflammatory dysregulation due to a greater impact on HPA axis function and subsequent increase of glucocorticoid resistance. In this line, Choi et al. (23) found greater HPA alterations in patients with anxious depression compared to non-anxious depression. The study by Gaspersz et al. (31) revealed an overproduction of cytokines (stimulated by increased lipopolysaccharide response) in patients with comorbid anxiety and depression. In a same vein, Shim et al. (81) observed higher levels of monocytes in patients with major depression and moderate to severe anxiety symptoms compared to the mild-anxiety symptom group. Finally, a reduced number of basophils and elevated fragmented neutrophils have been found in patients with depression who showed higher anxiety symptoms (82). Altogether, these results stress that the statuses featured by higher levels of both anxiety and depression symptoms may boost alterations in the inflammatory response at concurrent relationship.

Regarding the disease at 10-year follow-up effects of subclinical emotional statuses, our results go in line with previous studies on the relationship between the emotional disorders and metabolic disease development (83, 84). More concretely, we found that the status of elevated depression symptoms put individuals at higher risk of diabetes development over the 10-year follow-up. The status of elevated anxiety and depression symptoms was associated with hypercholesterolemia development.

The risk factors for diabetes development were age (i.e., higher age with higher risk), economic status (poorer quartiles), the status of elevated depression symptoms, and the metabolic risk at baseline. Diabetes is a serious health problem, which may contribute to the development of cardiovascular complications, stroke and subsequent early mortality (85). The total prevalence of diabetes increases significantly in relation to age, reaching figures between 10–15% in the population older than 65 years and up to 20% if we consider only those older than 80 years (86).

Mounting evidence supports the elevated comorbidity between diabetes and major depression (87–91). Our study provides further insight into this relationship, supporting a clear relationship between the status of elevated depression symptoms and diabetes. Despite this, the presence of elevated emotional symptoms of depression and anxiety together was not a risk factor. This could be due to the differences found between both groups in performing physical activity. The DAG group performs a greater amount of moderate and intense physical activity, which could be a protective factor for the development of diabetes. Physical exercise is inversely related to different risk factors for the development of diabetes (92, 93). On the one hand, it improves energy balance and reduces adiposity and, in addition to this, it improves insulin sensitivity and glucose homeostasis, which helps improve the metabolic profile of people who do it and reduce the risk of diabetes (92).

On the other hand, the risk factors for the disease at 10-year follow-up development of hypertension were sex, age and metabolic risk. The statuses of elevated emotional symptoms were not associated with hypertension development. Despite some studies have provided some evidence on the relationship between emotional disorders (mainly depression) and hypertension (94–96), other results have shown opposite findings (97–99), being important to consider confounding factors such as lifestyle or metabolic status of the participants (100). Moreover, some cardiovascular mediating paths (i.e., kynurenine path) may be more independent of emotional factors (28).

Finally, the status of elevated anxiety and depression symptoms was proven to be a risk factor of hypercholesterolemia development. Additional risk factors of hypercholesterolemia development were age, economic status (poorer quartiles), and the metabolic risk at baseline.

Depression has been related with altered lipid metabolism (101), even from a first clinical episode (102). Despite the fact that many studies support this fact (35, 103, 104), the results are contradictory with other studies that have found an inverse relationship between cholesterol and depression (105, 106). These discrepancies may be explained by methodological issues (i.e., different sample selection criteria and assessment protocols).

The longitudinal study by van Reedt Dortland et al. (35) stressed that patients with severe anxiety and depression symptoms were at higher risk of presenting dyslipidemia on a 2-year follow-up. Our results extend the conclusions from the study by van Reedt Dortland et al. (35), by including a longer follow-up and individuals with subclinical statuses of elevated symptoms. We speculate that the individuals with statuses of elevated emotional may show an overproduction of HPA agents and higher glucocorticoid resistance. HPA dysregulation may lead to increased levels of circulating free fatty acids, with subsequent low-density lipoprotein secretion and alterations in lipid metabolism (101).

Our study presents some relevant strengths to be mentioned. Compared to previous studies, our study has a large sample of community people. Moreover, our analytical strategy based on robust protocols (e.g., MIMIC models) controlling for relevant covariates, such as, lifestyle factors and health status. Finally, our study focuses on profiles on symptoms, providing new insight into the development of preventive strategies to prevent from full-blown condition development.

Our study presents some shortcomings to be mentioned. The intake of oral hypoglycemic, antihypertensive or lipid-lowering drugs was not taken into account in the baseline evaluation. Data on anti-inflammatory drugs and psychopharmacological medication were also not collected in this study. In this regard, we adopted a symptom-based approach, highly appropriate on a community basis. However, this study should be seen as a wide picture of how subclinical statuses of emotional disorder may be linked with immunometabolic dysregulation and metabolic diseases. On the other hand, it should be noted that only a baseline assessment of the participants’ mental health was carried out. Anxiety and depressive symptoms were not followed up, so the trajectories of the participants’ symptoms could not be known. Longitudinal studies are needed to explore how different trajectories of anxiety and depression symptoms influence the subsequent development of metabolic diseases.



5 Conclusion

Depression and anxiety are two of the most prevalent (1) and disabling (5, 6) mental disorders that carry high socioeconomic costs. Therefore, finding the causes of both disorders to reduce or eliminate symptoms is essential in mental health research. With our study, we have been able to demonstrate that both pathologies have concurrent relationship and disease at 10-year follow-up consequences on the health of individuals. We have determined that subjects with comorbid subclinical symptoms of depression and anxiety have concurrent relationship immune system consequences. In addition, these patients have a higher risk of long-term hypercholesterolemia and patients with depression have a higher risk of diabetes. The results therefore suggest the need to follow these patients and propose early healthy lifestyle interventions that can offset this risk by reducing their metabolic risk and thereby reducing the risk of morbidity.
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Background

Research focused on disparities related to mental health comorbidities, especially among emerging adults with diabetes, is limited. Identifying associated factors of disparities could inform policy decisions to make diabetes-related interdisciplinary care more accessible for vulnerable groups.





Method

Using data from the National Survey on Drug Use and Health (2015-2019), we examined disparities in presence of major depressive episode (MDE) and suicidal ideation among emerging adults with diabetes. Survey design-adjusted bivariate and multivariable logistic regression models were used for statistical analyses.





Results

The study included 1,125 emerging adults (18-25 years old), with a history of type 1 diabetes (T1D) or type 2 diabetes (T2D). After controlling for sociodemographic and health-related characteristics, we found lower odds of having past-year major MDE for non-Hispanic Black (AOR, 0.42, p=0.032) compared to their non-Hispanic White counterparts. Females were 3.02 times more likely to have past-year MDE than males (AOR, 3.02, p=0.004). The odds of having past-year MDE were 1.96 times higher among individuals who identified as LGB (lesbian, gay, bisexual) (AOR, 1.96, P=0.038). There were no statistically significant disparities in suicidal ideation related to race/ethnicity, sex, education, and family income. However, individuals who identified as LGB had significantly higher likelihood of suicidal ideation than their heterosexual counterparts (AOR, 2.47, P=0.004).





Conclusion

Significant disparities related to MDE and suicidal ideation exist based on race/ethnicity, gender, and sexual orientation. Integration of a mental health professional into the multidisciplinary diabetes care team is critical for effective management of comorbid mental health conditions in younger patients with diabetes.
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Highlights

	Higher risk of Major Depressive Episodes (MDE) for women and sexual minority (lesbian, gay, bisexual (LGB)) emerging adults with diabetes.

	LGB emerging adults have an increased risk of suicidal ideation compared to their heterosexual counterparts.

	Among emerging adults, Non-Hispanic Blacks have lower odds of experiencing MDE compared to non-Hispanic Whites.

	Integration of mental health professionals into diabetes care team is crucial for managing comorbid mental health conditions in emerging adults with diabetes.







Introduction

Diabetes is one of the fastest-growing health challenges of the 21st century in the United States (US) and around the world. In 2020, 10.5% of the US population (34.2 million) was estimated to have diabetes (1). Incidence and prevalence of diabetes both type 1 diabetes (T1D) and type 2 diabetes (T2D) is increasing dramatically among adolescents and emerging adults (18-25 years) (2). Diabetes is a challenging condition to live with and mental illness often co-exists with diabetes (3, 4).

Emerging adults with diabetes are particularly at risk as they enter a critical developmental stage in life, often referred to as emerging adulthood (5), characterized by multiple life transitions—from high school to college/workforce, from living with parents to living by themselves, from already established social and peer support system to building new interpersonal relationships in college/workplace (5, 6). These challenges are further complicated by an abrupt change in their professional diabetes care as they enter adulthood, which involves a shift from their pediatric diabetes care provider to an adult diabetes care provider (7). The struggles of these transitions coupled with the relentless demands of day-to-day management of diabetes—diet, insulin, medication schedules, and monitoring blood glucose—may be stressful and burdensome and result in poor prognosis (8, 9).

A meta-analysis by Anderson et al. reported that the prevalence of mental illness among adults with diabetes is 2 times higher than its prevalence among adults without diabetes (10). Early-onset mental illness also increases the risk of significant mental health problems in the later years (11). Mental health comorbidities are also associated with an increased risk of suicide (12) among emerging adults with both T1D and T2D. The association between diabetes and depression, and their co-existence has been studied extensively by researchers among adults (10, 13). However, there are still limited data on the risk of mental health comorbidities among emerging adults with diabetes (3).

Considering the current gap in literature, the objective of this study was to expand the knowledge and understanding of mental health comorbidities and associated factors in this specific demographic of emerging adults with diabetes. This study aimed to identify disparities in past-year prevalence of major depressive episode (MDE) and suicidal ideation among emerging adults with diabetes based on key demographic and socioeconomic determinants using a nationally representative dataset.





Method




Data source and study design

This study used a retrospective cross-sectional study design and data from the 2015 to 2019 National Survey on Drug Use and Health (NSDUH) public use data files. The NSDUH is an annual cross-sectional survey which is representative of the US population. Conducted by the Substance Abuse and Mental Health Services Administration (SAMHSA), the NSDUH is one of the primary sources of information about mental health disorders, and other health-related issues among members of the US, including civilian, noninstitutionalized US population aged 12 years and older. The survey collects data from noninstitutionalized residents of all 50 states and the District of Columbia (14).

NSDUH uses a stratified multistage area probability sampling to achieve national representativeness. Household survey interviews are conducted in-person using both computer-assisted personal interviews and audio computer-assisted self-interviewing. Privacy is maintained during the interview to increase the level of comfort and honesty in reporting confidential information about sensitive behaviors related to mental health. Further details about the NSDUH methodology and data structure are available at the SAMHSA website (15). For this analysis, the public-use data files for years 2015-2019 were merged to get stable national estimates. This study was deemed exempt from review by the University of Florida IRB. Study findings were reported by using the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines.





Study sample

The sample was drawn from the merged file for years 2015-2019. Data for only emerging adults aged between 18-25 years old with a diabetes diagnosis (both type 1 and type 2) were included in the analysis. Diagnosis of diabetes was derived using the question, “Below is a list of health conditions that you may have had during your lifetime. Please read the list and type in the numbers of all the conditions that a doctor or other health care professional has ever told you that you had: Ever told had diabetes/sugar diabetes.” The responses were recorded as Yes/No. Participants with a history of any type of cancer were excluded from the analytic sample. The final study sample included 1,125 individuals of ages 18 to 25 years with a history of diabetes.





Study variables




Past year major depressive episode

MDE was assessed in the NSDUH by an indicator based on the criteria in the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), 5th edition (16). MDE was defined as “a period of at least 2 weeks when the respondent experienced a depressed mood or loss of interest or pleasure in daily activities, and other symptoms” (15). A respondent was classified as having MDE, if they reported experiencing at least 5 out of the 9 criteria used to define MDE, where at least one of the criteria is a depressed mood or loss of interest or pleasure in daily activities. Past year MDE was operationalized as dichotomous (Yes/No) variables in the analysis.





Suicidal ideation

Suicidal ideation was assessed with the question: “At any time in the past 12 months, up to and including today, did you seriously think about trying to kill yourself?” Based on their answers to the above question respondents were categorized into 2 groups representing suicidal ideation 1) Suicidal ideation, 2) No suicidal ideation.





Key sociodemographic variables

Self-reported race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, other), sex (male, female), sexual orientation (lesbian/gay/bisexual, heterosexual), family income (<$20,000, $20,000-$49,999, $50,000-$74,999, $75,000 or more), and education (less than high school, high school, some college) were included as key sociodemographic variables for assessing disparities.





Covariates

Additional demographic characteristics like marital status (married/unmarried), census region (large metro, small metro, non-metro), insurance (yes, no), current school/college enrolment (yes, no), general health status (fair/poor, good, very good/excellent) substance use and alcohol dependence (yes, no), disability status (yes, no), current dorm status (yes, no) and comorbid conditions (yes, no) were included as covariates in the analysis. We chose these covariates given their association with increased risk for suicide or mental health condition based on previous studies (17).






Statistical analysis

For describing the study population, survey-design adjusted descriptive statistics were used. Wald chi-square tests were used to describe differences in the population characteristics by past year prevalence of MDE and suicidal ideation among individuals with a history of diabetes. Proportion of individuals with mental health comorbidities were estimated using survey weights to generate estimates that represented the US civilian noninstitutionalized population. To investigate disparities in mental health comorbidities both bivariate and multivariable logistic regression models were used with key sociodemographic variables as predictors for each outcome measure. All known confounders were included in the models as covariates. All analyses were conducted using SAS 9.4. (SAS Institute, Cary, NC), and statistical significance was determined at p<0.05.






Results




Descriptive statistics

The final study sample included 1,125 individuals (weighted sample of 2,620,937 US emerging adults aged 18-25 years old). The baseline characteristics of the study population are presented in Table 1. Out of 1,125 emerging adults with diabetes, majority were female (58%), non-Hispanic White (53%), with a college or higher degree (48%), family income between $20,000 to $49,999 (37%), unmarried (86%), identified as heterosexual (85%), covered by health insurance (85%), had excellent or very good general health (41%), no comorbidities (75%), currently not attending school (60%), not living in college dorm (98%), residing in a large metro area (51%), with no substance abuse disorder (86%), and without any disability (73%).


Table 1 | Baseline characteristics of study population, emerging adults (18-25 years) with diabetes, 2015-2019 NSDUH.







Disparities related to past year MDE

Lower odds of having past year MDE were estimated for non-Hispanic Black (adjusted odds ratio [AOR], 0.42, 95% CI, 0.19-0.92, p=0.032) compared to their non-Hispanic White counterparts. Females were 3.02 times more likely to have past year MDE than males (AOR, 3.02, 95% CI, 1.45-6.27, p=0.004). The odds of having past year MDE were 1.96 times higher among individuals who identified as LGB (AOR, 1.96, 95% CI, 1.04-3.68, P=0.038) (Table 2).


Table 2 | Unadjusted and adjusted analysis of disparities related to Past year MDE among emerging adults (18-25 years) with diabetes.







Disparities related to past year suicidal ideation

There were no statistically significant disparities in suicidal ideation related to race/ethnicity, sex, education, and family income among the study population. Like for MDE, individuals who identified as LGB had significantly higher likelihood of suicidal ideation than their heterosexual counterparts (AOR, 2.47, 95% CI, 1.36-4.47, P=0.004), (Table 3).


Table 3 | Unadjusted and adjusted analysis of disparities related to suicidal ideation among emerging adults (18-25 years) with diabetes.








Discussion

The purpose of this research was to identify disparities in past-year MDE and suicidal ideation among emerging adults with diabetes based on key demographic and socioeconomic factors. Using a nationally representative sample of 1,125 emerging adults, who had a history of diabetes, we found significant disparities in MDE and suicidal outcomes based on race/ethnicity, gender and sexual orientation. Below we discuss these findings in more detail.

Females and participants who identified as LGB were more likely to have past-year MDE. These results are supported by a study that found individuals with diabetes and comorbid depression to be younger, female, and with poor physical health (18). Gender differences in the prevalence of MDE have long been recognized within the general population (18). Possible reasons could be social, biological or psychological in nature such as discrimination based on gender (19), differential biological response to stress (20), differences in exposure to adversities (21). Another explanation of these findings could be the under-reporting of the symptoms of depression. Research suggests that males tend to under-report symptoms and severity of depression (22). It has been argued that DSM-5 reflects symptoms of depression in females better than males (23).

It has been found that individuals who identify as LGB are more likely to suffer from poor mental health (24–26). Research suggests that mental health disparities found at younger ages in LGB adults could persist later in the life course (24). The literature recognizes the existence of stigma and minority stress at individual, interpersonal and structural levels, and multiple mechanisms or pathways have been suggested for how stigma and minority stress can cause depressive symptoms among sexual minority individuals (27).

This study also found that non-Hispanic Black population were less likely to experience past-year MDE compared to non-Hispanic White. This finding is consistent with a previous study (28). Researchers speculate that non-Hispanic Blacks benefit from their social ties and coping strategies. For example, Weaver et al. concluded that stressors affect mental health of non-Hispanic Blacks to a lesser extent compared to non-Hispanic Whites (29). However, these assumptions lack empirical support, and reasons for racial/ethnic differences in past-year MDE remain unclear (30). Future research may help explore the factors contributing to lower risk of mental health illnesses among non-Hispanic Black emerging adults with diabetes.

As for suicidal ideation, echoing the existing literature trends, our findings suggest that LGB emerging adults experience increased risk of suicidal ideation relative to their heterosexual counterparts (26). Youth from sexual minority groups are 4 times more likely to attempt suicide as compared to their heterosexual counterparts (31). A recent study done by Roberts et al. included a sample of 64 patients ages 13 to 21 years diagnosed with diabetes, they reported that 9% of the study participants endorsed suicidal ideation (32). Another study reported 9% suicidal ideation rate with 83.4% clinically elevated depressive symptoms among youth and emerging adults (10 to 24 years) with diabetes (33). Within this context, it’s imperative to consider the compounded challenges faced by younger (or emerging) adults at the intersection of sexual minority status and diabetes. This suggests that the intersectionality of being both a sexual minority and having diabetes might present distinct mental health vulnerabilities compared to their heterosexual counterparts or those without diabetes. Although reasons for this trend remain unclear, exposure to violence, victimization and higher risk of isolation might lead to heightened levels of hopelessness and increased risk of suicidal ideation (34). Integration of a mental health professional into the multidisciplinary diabetes care team is critical for effective management of comorbid mental health conditions in emerging adults with diabetes. American Diabetes Association (ADA) standards of care specify that, “People with diabetes can benefit from a coordinated multidisciplinary team that includes mental health professionals” (35). Yet, not all diabetes care programs integrate mental health services in their diabetes care, and only 25% to 50% of those with diabetes and comorbid depression get access to treatment (36, 37). Our findings suggest that diabetes care providers and other healthcare professionals, including diabetes educators, should consider screening emerging adults with diabetes for early signs and risk factors of depression and current or past suicidal ideation, particularly LGB females, as part of a comprehensive care plan. Risk-based assessment made at an early stage of life could prevent the development of severe clinical depression among vulnerable individuals later in life. Consistent, widespread interventions to thwart impulsive suicidal behaviors should be established even in the absence of current suicidal thoughts. An inclusive approach supported by empirical evidence should be taken for treatment of depression in LGB emerging adults with diabetes to lower their risk of suicidal behaviors.

Providers who cater to the emerging adult population report having inadequate training and understanding of the unique needs of sexual minorities (38). Trainings and education focused on providing inclusive and quality care to sexual minority emerging adults is crucial and will ultimately help in eliminating disparities and inequities related to mental and physical health disparities. Future studies should demonstrate empirical evidence that supports efficacy of interventions specifically tailored to the unique needs of emerging LGB population. In addition, policy makers should focus on support strategies like awareness, counseling, peer support programs, and destigmatizing efforts while planning public health policies.

This study uses survey data that are representative of diabetes and mental health outcomes in the younger population, including those not necessarily seeing an endocrinologist for diabetes care. However, there are some limitations to this study approach. First, substance use disorder is a known risk factor for MDE and suicidal ideation (39), and it is crucial to fully control for this reverse causation. To address this limitation, all models were adjusted for substance use disorder. Next, the survey uses diabetes as a broader diagnosis and does not ask the respondents about their specific diabetes type. This is a common limitation of studies that use national survey data and self-reported diagnosis of diabetes, and is also acknowledged as a limitation by CDC and the National Institute of Diabetes and Digestive and Kidney Diseases in their publications (40, 41). Another limitation is that individuals with diabetes and mental illnesses or depressive symptoms are at risk of reciprocal susceptibility and share a high degree of comorbidity (42). Accounting for this reciprocity was not feasible because of the cross-sectional nature of the data. Additionally, the data on most outcomes was based on self-report and are not objectively measured, thus it is difficult to establish the accuracy of the information provided, which may suffer from recall bias or social desirability bias. However, disease incidence and service utilization estimates of NSDUH have been validated against other national data sources, which increases the confidence in the study findings (43). Another constraint of this study is the lack of data pertaining to participants’ HbA1C levels and diabetes duration. Consequently, we were unable to incorporate these factors into our analysis of the diabetes-depression relationship. Lastly, there is a possibility of confounding by several unobserved factors that were not controlled for because of the cross-sectional nature of the study.





Conclusion

Despite much effort towards reducing and eliminating disparities related to physical and mental health outcomes, this study provides evidence of prevalent mental health disparities among emerging adults with diabetes. Our findings showed that women and sexual minority emerging adults with a history of diabetes are particularly exposed to higher risk of MDE. Moreover, the results highlight the disadvantages faced by sexual minorities among this specific population in terms of suicidal ideation. This research holds important implications for diabetes care professionals and policy makers to make their practices more favorable for disadvantaged groups who experience disparities and inequities. Further policy efforts are needed to educate, train, and sensitize diabetes care providers towards these prevalent mental health disparities among emerging adults with diabetes and for integration of a mental health professional into the multidisciplinary diabetes care team. These endeavors could ultimately lower the risk of this vulnerable group against development of severe mental health illnesses during later stages in life.
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Introduction

This study aimed to assess the association between depression, ultra-processed food consumption (UPFs), and the risk of developing diabetes-specific complications in adults with type 2 diabetes (T2D).





Methods

Baseline data came from the CARTaGENE study, a health survey of adults (40–69 years) in Quebec, Canada. The incidence of T2D complications was examined in N= 683 participants with T2D without complications at baseline by linking survey data with administrative health data. Food and drink consumption was assessed using the Canadian Diet History Questionnaire and categorized by NOVA classification. Participants were categorized into tertiles of UPFs consumption. Depression was defined as having elevated depressive symptoms based on the Patient Health Questionnaire-9 or the use of antidepressant medications. Cox regression models were used to estimate the associations between UPFs, depression, and T2D complications.





Results

In total, 105 individuals developed diabetes-related complications over a 7-year period. Participants with high depressive symptoms and high UPFs consumption had the highest risk for diabetes complications (adjusted hazard ratio (aHR) 2.07, 95% CI: 0.91 – 4.70), compared to participants with low depressive symptoms and low UPFs consumption. Higher risks for diabetes complications were observed when high depressive symptoms and antidepressant use were combined with high UPFs consumption (aHR 2.59, 95% CI: 1.32 – 5.06).





Conclusion

This study indicates that those with co-occurring depression and high UPFs consumption have a greater risk of diabetes complications. Early management and monitoring of both risk factors might be essential to prevent diabetes complications.





Keywords: ultra-processed foods, depressive symptoms, type 2 diabetes complications, interaction, CARTaGENE




1 Introduction

Type 2 diabetes (T2D) is a chronic metabolic condition which requires intensive self-care management (1). Adopting and/or maintaining a healthy diet remains one of the main strategies for the management of T2D and its complications (2). Research has demonstrated that following healthy diets such as the Mediterranean diet (high in olive oil, fruit, nuts, vegetables, and cereals intakes) can reduce the risk of micro-and macrovascular complications among individuals with T2D (3–6).

Recently, in many modern food systems, there has been a nutritional transition characterized by an increase in the consumption of ultra-processed foods (UPFs) as a replacement for fresh foods (7). UPFs are defined as “multi-ingredient industrial formulations” which are characterized by low nutritional quality, high energy density, high saturated and trans fats content, added sugars and salt, and low protein, dietary fiber, and micronutrients (7, 8). Further, UPFs are often designed in a way to encourage eating them in combination (e.g., savory snacks with soft drinks), which can result in excessive caloric intake (7, 8). It has been reported that in higher-income countries, such as the United States and Canada, UPFs can contribute to half of the daily dietary energy intake (9, 10). Higher consumption of UPFs can increase the risk of numerous chronic conditions such as T2D, metabolic syndrome, depression, all-cause mortality, and cardiovascular diseases (9).

Among individuals with T2D, UPFs consumption may increase the risk of developing complications related to T2D. For instance, a recent study found that in individuals with T2D, high consumption of processed foods was associated with poor glycemic control and a greater likelihood of microvascular complications (11). UPFs are associated with elevated levels of glucose (12), which can result in the development of advanced glycation end-products (AGEs). AGEs can activate inflammatory signaling cascades and, consequently, have a crucial role in the pathogenesis of diabetes complications (13).

T2D is a multifactorial disease with psychological complications in addition to physical complications. The risk of developing depressive symptoms is more common in individuals with T2D than in the general population (14). Comorbid depression among individuals with T2D is associated with adverse health outcomes such as micro-and macrovascular complications and higher mortality rates (15). A meta-analysis of longitudinal studies showed that depression was linked with an increased risk of microvascular (HR=1.33; 95% CI: 1.25–1.41) and macrovascular complications (HR=1.38; 95% CI: 1.30–1.47) among adults with T2D (15).

Further, persons with comorbid depression and T2D might have more difficulties following a healthy diet, thereby potentially further increasing the risk of complications (11). Prior research has demonstrated that a history of depression and higher severity of depression was associated with higher emotional and uncontrolled eating, often leading to higher calorie consumption (16). A previous study has also reported an association between depression and high UPFs consumption (17).Consumption of unhealthy foods such as UPFs and high depressive symptoms can independently increase the risk of diabetes-related complications among individuals with T2D (9, 15). It is currently unknown whether high depressive symptoms among individuals with T2D compounds the potential impact of UPFs consumption on the risk of diabetes-related complications. It is possible that depressive symptoms and UPFs consumption may exacerbate the physiological processes, such as systemic inflammation which is risk factor for the T2D and its complications (18–20). Moreover, in a previous study, we found an important interaction between depressive symptoms and UPFs consumption on the risk of developing T2D (21). Adults with both depressive symptoms and high UPFs consumption had a higher risk of developing T2D within a seven-year interval than those without depressive symptoms and with low UPFs consumption (21).

As a next step, we aim to investigate a potential additive interaction between UPFs consumption and depressive symptoms on the incidence of diabetes-related complications in adults with T2D. The combination of depression and consumption of UPFs might not only increase the risk of developing T2D but might also increase the risk of developing diabetes-specific complications in adults with T2D. We, therefore, hypothesized that individuals with T2D with both depressive symptoms and high UPFs consumption at baseline would have a higher risk of developing micro-and macrovascular complications, compared to those without depressive symptoms and with low UPF consumption.




2 Methods



2.1 Study population

The sample was drawn from the baseline CARTaGENE (CaG) (2009–2010) study (22). CaG is a community health survey that gathered detailed information on health, lifestyle, and sociodemographic information, physiological measures, and biological samples from urban areas of Quebec, Canada (22). Participants aged 40–69 years at baseline were randomly recruited from the Régie de l’assurance maladie du Québec (RAMQ), a governmental health insurance database in the Canadian province of Quebec that provides universal health insurance for residents. Details of the study, such as recruitment, enrollment, and data collection methods, are described elsewhere (22). Briefly, the CaG survey design defined by two age groups, gender, and forward sortation area (defined by 3-digit postal codes). Probability proportional to size was used to describe quotas for each stratum. Participants were excluded if they were not registered in the RAMQ database, those residing outside selected regions, individuals in First Nations Reserves or long-term health care facilities or were in prison (22). Various strategies were employed to ensure response rates and minimize attrition, such as (i) utilizing the reputable governmental body RAMQ to handle participant contact and identifying information, (ii) implementing systematic methods for contact, scheduling, and reminders, and (iii) offering a financial compensation of $45 (22). The recruitment process involved a call center at RAMQ to prevent the transfer of identifying information to CaG. Information packages were initially mailed, followed by telephone contact to enroll participants and schedule clinical assessment site interviews. A total of 20, 007 participants provided informed consent to participate in the CaG cohort study and agreed to link their data with the RAMQ database (22). Ethical approval was provided by the Douglas Mental Health University Institute Research Ethics Board and the St. Justine Hospital Research Ethics Board. Follow-up data referring to T2D complication incidence were obtained by linking participants with diagnostic codes from the RAMQ database.




2.2 Depressive symptoms

Depressive symptoms experienced within the past two weeks were measured using the Patient Health Questionnaire-9 (PHQ-9) (23). The PHQ-9 consists of nine questions related to vegetative, emotional, behavioral, and cognitive symptoms of depression. Responses are rated on a 4-point scale ranging from 0 “not at all” to 3 “every day”, with a summary score ranging from 0 to 27, with higher scores reflecting greater depressive symptom severity. The PHQ-9 has shown good agreement with a clinical diagnosis of major depressive disorder and good validity and reliability (23). In the present study, elevated depressive symptoms were defined as having a PHQ-9 summary score of 6 and higher, which includes mild to severe depressive symptoms. This cut-off score has been used in previous studies included in the CaG cohort (24, 25). When compared with the fully structured interviews for major depressive disorder, a PHQ-9 cut-off of 6 has a sensitivity of 0.91 and specificity of 0.61 (26).




2.3 Antidepressant use

Participants brought their current medication or reported their current medication at the baseline CaG interview. Medication was classified as an antidepressant based on the medication name (27).




2.4 Dietary intake assessment

Dietary intake in the CaG survey was assessed at baseline using the Canadian-adapted diet history questionnaire II (C-DHQ II) (22). C-DHQ II is a validated food frequency questionnaire (FFQ) which reflects food availability, brand names, nutrition composition, and food fortification in Canada (28, 29).

Frequency of consumption and portion sizes are defined for most of the food items in FFQ. Daily consumption of each FFQ food item was computed based on one of four units of time, depending on which answer choice was selected: year, month, week, or day (30). To calculate the daily consumption of each FFQ item, consumption frequency of the items was first converted into daily equivalents such never = 0; 1-6 times per year = 0.01; 7-11 times per year = 0.02; 1 time per month = 0.03; 2-3 times per month = 0.07; 1 time per week = 0.14; 2 times per week = 0.29; 3-4 times per week = 0.48; 5-6 times per week = 0.74; 1 time per day = 1; 2 or more times per day = 3, as specified by the C-DHQII database (30). Secondly, portions of consumed food items were converted into grams by using the nutrient database for the C-DHQII (30). Portions are sex-specific and based on the percentiles of intake reported in the Canadian Community Health Survey (CCHS) – Cycle 2.2 Nutrition (28, 29). The consumed amount for every food item was then calculated by multiplying the frequency per day and grams of consumption. In the present analysis, food items without portion size and items such as vitamins, minerals, or herbal supplements were excluded. Further, items of the C-DHQ II with missing information were filled in with zero imputation, based on the assumption that non-response to the items may be because those items were not consumed by the participants (31).

Every C-DHQ II reported food and beverage item was categorized into one of the four NOVA classification groups. NOVA is not an acronym, but a classification system that groups foods according to the nature, extent, and purpose of the industrial processing (7). Foods were classified into four different groups: 1) unprocessed or minimally processed foods which includes fruit and vegetables, grains (cereals), fresh or pasteurized milk products, seeds without oil and salt, legumes, meat, and fish; 2) processed culinary ingredients such as salt, sugar, vegetable oil, and butter; 3) processed foods, such as canned vegetables and fruits, cheeses, and freshly made bread; and 4) ultra-processed foods and drinks (UPFs) that were prepared mostly or entirely from substances derived from foods, derived from food constituents, or produced in the laboratories from food substrates or other organic sources. Examples of products are ready-to-eat meals, carbonated drinks, biscuits, processed meat, and sugared milk and fruit drinks (7).

To estimate the frequency of consumption of UPFs (grams/day), we summed the amount consumed (grams/day) of each food and beverage item classified in the fourth category of the NOVA classification (a total of 30 foods and seven beverage items). Next, we divided the sample into tertiles according to the total consumption of UPFs (grams/day). Low and middle tertiles were merged as one group for analysis (21).




2.5 Incidence of T2DM complications

The study outcomes included micro-and macrovascular diabetes complications. Complications were assessed using diagnostic codes in the RAMQ billing database. Diagnostic codes were based on the World Health Organization’s International Classification of Diseases, 9th or 10th edition (ICD-9 and ICD-10, respectively). Codes for micro-and macrovascular diabetes complications in ICD-9 and ICD-10 were based on prior literature and can be found in Supplementary Table 1. For the main analysis, micro-and macrovascular complications were combined. Participants were followed for up to seven years using administrative data from the date of their CARTaGENE baseline assessment. The date of the first diagnosis for micro-and macrovascular diabetes complications was recorded. Observational time was calculated from the day of baseline assessment to the day of complication onset, the date of death, or the study end date of December 31, 2016.




2.6 Confounders

Potential confounders include sociodemographic characteristics (age, sex, annual household income, education, and self-reported ethnicity (white was compared with others groups for analysis), behavioral factors including alcohol consumption, defined as whether participants consume alcohol daily or not, smoking (“currently smokes daily or occasionally”, “past smoker”, or has “never smoked”), physical activity (five or more-day moderate activity in a week or three or more vigorous in a week), and body mass index (BMI, continuous) (15).




2.7 Statistical analysis



2.7.1 Inclusion criteria

Only CaG participants with information on the nutrition component, depressive symptoms and diabetes status at baseline were included (n = 7,011) (21). Furthermore, the sample was restricted to participants with diabetes and without diabetes complications at baseline (n = 881). Diabetes was self-reported based on a diagnosis made by a physician on a positive response to the following question: ‘Has a doctor ever told you that you had diabetes?’ or HbA1c levels equal to or above 6.5 during the CAG baseline assessment. We excluded all participants who reported implausible energy intakes <800 or >4000 kcal/d in men and <500 or >3500 kcal/d in women (n = 52) as reported in previous research (32). Implausible reporting, particularly underreporting, is a commonly recognized limitation of dietary assessment methods; participants tend to underestimate their total energy intakes and underreport intakes of foods that are deemed unhealthy or socially undesirable, such as foods that are high in fat and refined carbohydrates (32). Further, we excluded participants whose response rates were less than 50% on the UPFs items (n = 146). A total of N = 683 participants were included for the analyses (Figure 1). Moreover, we performed two sensitivity analyses, first with a 40% response rate on UPFs items (sample size n = 814) and second with a 60% response rate on the UPFs items (sample size n = 561) to test the robustness of the study.




Figure 1 | Flow diagram of the final sample for the analysis.



Cox proportional hazards models were conducted to examine the univariate associations between UPFs consumption, depressive symptoms, and antidepressant use with diabetes complications incidence. Micro-and macrovascular complications were combined for the analysis due to small sample size. However, they were also examined separately in secondary analysis.

To evaluate the potential additive interaction on the incidence of diabetes complications, four groups were defined based on the presence/absence of depressive symptoms and low/high intake of UPFs. The groups were: 1) lower/middle tertile of UPFs consumption and low depressive symptoms (LUND as the reference group), 2) lower/middle tertile of UPFs consumption and elevated depressive symptoms (LUD), 3) higher tertile of UPFs consumption and low depressive symptoms (HUND), and 4) higher tertile of UPFs consumption and elevated depressive symptoms (HUD).

Further, an additional analysis was performed combining depressive symptoms with antidepressant medications as an indicator for depression. Similarly to our primary analyses, four groups were created: 1) lower/middle tertile of UPFs consumption and low depressive symptoms and no antidepressant use (LUNDA as the reference group), 2) lower/middle tertile of UPFs consumption and elevated depressive symptoms or antidepressant use (LUDA), 3) higher tertile of UPFs consumption and low depressive symptoms and no antidepressant use (HUNDA), and 4) higher tertile of UPFs consumption and elevated depressive symptoms or antidepressant use (HUDA). All Cox regression analyses were performed in unadjusted models, in models adjusted for age and sex only, and in fully adjusted models for all the confounders described above. Hazard ratios [HRs] with 95% confidence intervals are reported. Missing information on the covariates was imputed using the fully conditional specification with discriminant or logistic methods using PROC MI procedure in SAS. Cox regression analyses were conducted using SPSS software.






3 Results

The main food group contributors to UPFs intake are shown in Table 1. Overall, mean (SD) consumption of the UPFs was 276.9 (SD 421.0) g/d, and mean consumption in lower, middle, and highest tertiles was 71.5 (2 SD 3.6) g/d, 154.2 (SD 29.8) g/d, and 604.0 (SD 605.3) g/d, respectively.


Table 1 | Contribution of each food group to the total amount of ultra-processed foods consumed in the CARTaGENE study cohort (n=683).



Table 2 displays the characteristics of the sample. The baseline data reveals a mean age of 55.5 years (SD = 7.5), with 52.6% being female and 93.3% identifying as white. A total of 105 (15.4%) individuals developed diabetes-related complications during the observation period. Using the categorical classifications for groups based on UPFs and PHQ-9 scores, there were 395 (57.0%) participants in LUND group (reference group); 60 (8.9%) participants in LUD group; 191 (28.8%) participants in HUND group; and 37 (5.3%) participants in HUD group. Participants in the HUD group exhibited a higher percentage of lower-income levels and a lower percentage of postsecondary education compared to the other group. Additionally, individuals in the HUD group were more likely to be daily or occasional smokers and physically inactive compared to the other group. Moreover, the HUD group had a higher mean intake of UPFs 615.2 (478.2) g/d, and a higher BMI 31.0 (6.2) as compared to the other groups.


Table 2 | Baseline characteristics of the study sample.



Table 3 describes the results of three univariate Cox regression analyses examining UPFs, depressive symptoms, and antidepressant use. Participants in the highest tertile of UPFs consumption had the greatest hazard ratios for developing complications in the fully adjusted model (HR=1.56, 95% CI: 0.92-2.62); however, the CI were overlapping with the one. Similarly, the CI overlapped with one in a fully adjusted model for depressive symptoms (PHQ-9>= 6) and for antidepressant use with HRs of 1.45 (95% CI: 0.84- 2.51) and 1.61 (95% CI: 0.86 – 3.00) respectively.


Table 3 | Results of Cox regression for UPFs consumption and depression assessed using PHQ9 and antidepressant for incident T2D complications.



Table 4 shows results obtained from the additive interaction analysis, with the reference category in model 1 set as the LUND group. In HUD group, 24.3% of individuals developed complications. In the age and sex-adjusted model, the HUD group had a 2.4-fold increased risk of developing complications as compared to the LUD and HUND group. However, in the fully adjusted model, HUD group HR was 2.07 (95% CI: 0.91 – 5.06), and CI overlapped with one.


Table 4 | Results of Cox regression for UPFs consumption and depression assessed using PHQ9 and antidepressant joint association for incident T2D complications.



Further in model 2, when elevated depressive symptoms and antidepressant medication were combined as indicators for depression, 28.6% of individuals developed T2D complications. And similarly greater risk for T2D complications was found in the HUDA group in the model adjusted for age and sex (2.82, 95% CI: 1.53-5.18). Moreover, in a fully adjusted model, the HR was 2.59 (95% CI: 1.32-5.06).

We also performed separate analyses for microvascular complications. The results are not presented in the tables because of the small sample size. For micro complications, there were 37 individuals in group HUD, and out of these individuals, only 8 individuals developed the micro complication with an adjusted HR of 2.64 (95% CI: 1.06 – 6.54) (Supplementary Table 2).

Moreover, two sensitivity analysis showed similar results, suggesting that participants in the depressive symptoms and UPFs consumption groups had higher hazard ratios for developing diabetes complications than those with either condition alone (Supplementary Tables 3, 4).




4 Discussion

In this prospective study, we examined the associations between UPFs consumption, depressive symptoms, and the risk of developing T2D complications among middle-aged adults by linking survey data with administrative data. We found that individuals with depressive symptoms and higher consumption of UPFs at baseline had a higher risk of developing T2D related micro-and macro complications in a model adjusted for sex and age as compared to those with neither condition, and this risk estimate was higher than those with depressive symptoms only and those with high UPF consumption only. Further, when depressive symptoms and higher consumption of the UPFs group were controlled for additional confounders in the fully adjusted model, the HRs were lowered and included 1.00 in the CI. However, when depressive symptoms and antidepressant medication use were combined as indicators for depression, then the combination of both resulted in the CI that did not include 1.00 in the fully adjusted model. These results suggest an interaction between depression and UPFs consumption in relation to an increased risk of diabetes-related complications.

To our knowledge no study in the past directly investigated this interaction. One study has reported that T2D individuals with food addiction, which is associated with UPFs consumption (33), had a greater prevalence of diabetes retinopathy, neuropathy, nephropathy, and depressive symptoms compared to those without food addictions (11).

There are several pathways in which depression or depressive symptoms may be associated with an increased risk of developing diabetes complications. One of the potential pathways by which depression among T2D individuals might increase the risk of diabetes-related complications is through suboptimal diabetes management (14, 15). It has been reported that individuals with T2D and high depressive symptoms tend to have lower adherence to medication, diet, and exercise than individuals with T2D alone (15). In addition, depression can be accompanied by behavioral changes, such as reduced self-care and medication adherence, increased intake of high-calorie food, smoking, reduced physical activity, and increased sedentary behaviors (15). These behaviors might have more detrimental effects in the context of diabetes, possibly resulting in poor glycemic control, which, in turn, may be associated with an increased risk of complications (15).

Diabetes with comorbid depressive symptoms is associated with increased hypothalamic–pituitary–adrenal axis and sympathetic nervous system activation (14). Further, increased insulin resistance and high concentration of inflammatory markers may lead to complications in individuals with comorbid diabetes and depression (14, 18). Depressive symptoms and UPFs are also independently associated with inflammatory markers such as C-reactive protein, tumor necrosis factor-α, interleukin-1, and interleukin-6 levels (18, 19). UPFs often occur within high obesogenic environments and have higher glycemic loads (18, 19). These diets may induce hyperglycemia, which is associated with increased pro-inflammatory cytokines, including IL-6 and TNF-α, leading to insulin resistance by disruptions in insulin signalling and subsequently might increase the risk of the diabetes complications (13). Besides the nutritional aspects of UPFs, recent concern has emerged on changes in microbiota induced by non-nutritive components, mainly by flavors, emulsifiers, and thickeners, which may provoke gut dysbiosis and initiate inflammation in the gut (34). However, more research is needed to better understand the relative effects of UPFs on diabetes related complication incidence.

Furthermore, antidepressants use is one of the standard treatments for depressive disorders (35). However, certain antidepressants can increase the risk of body weight and poor glycemic control (35), which might lead to diabetes-related complications (36). Our study shows that; when antidepressant use and depressive symptoms were combined with high UPFs consumption, the risk of diabetes complications was higher than the depressive symptoms combined with high UPFs consumption.



4.1 Strengths and limitation

Strengths of this study include its prospective design, the use of two different measures for depression, the combined use of survey data with administrative health data, and adjustment for potential confounders. Further, two sensitivity analyses using two different response rates on UPFs consumption were conducted to assess the robustness of the study findings. Acknowledging that the data is 13 years old, we also acknowledge the general challenge of low response rates to food frequency questionnaires in epidemiological studies focusing on nutrition and health outcomes. Despite the age of the data, this study plays a crucial role in addressing a gap in the literature. By examining the combined impact of depression and UPF consumption, two significant modifiable risk factors, it provides valuable insights into how they jointly influence the risk of diabetes related complications.

There are also various limitations that should be noted. First, the C-DHQ II used in this study was designed to evaluate the intake of major food groups, energy, and macronutrients, not specifically to collect data about the NOVA classification of UPFs consumption. Further, there is also limitation related to NOVA classification. Because of its complex and multidimensional definition of levels of food processing, there is a potential for introducing ambiguity and variations in interpretation related to UPF (37). Assessment of the diet intake was self-reported and only measured at the baseline; therefore, it might be possible that participants change their intake of ultra-processed foods during the follow-up. Participants of the CaG study were volunteers in a nutrition component, and thus it may be possible that these individuals were more interested in nutritional issues and healthy lifestyles than the general population. And it might be possible that their consumption of UPFs may be lower compared to the general population, which may underestimate the risk investigated in our study. Depressive symptoms were assessed at baseline only. The PHQ-9 is a self-report scale that measures symptoms of depression experienced in the past two weeks and does not consider the history and treatment of depression. Given that depressive symptoms were not measured during the follow-up, symptoms may vary and change over time. Further, another important limitation is that our analysis does not eliminate the possibility that part of this association stems from a shared pathophysiological factor — specifically, the impact of UPF consumption on both diabetes progression/complications and the onset of depression (9). Moreover, there is also limitation with administrative data. In Canada administrative hospital data are produced by health professionals who review, abstract, and code information from inpatient charts following hospital discharge. One of issue with the administrative data is the undercoding of diabetes and its related complications by physicians which can lead to an incomplete representation of the true prevalence (38).

The individual group sizes were small, and therefore studies with large sample size are needed to replicate the findings. CaG participants were mostly white participants (93.3%) and metropolitan; as a result, generalization of our findings should be made with caution.




4.2 Conclusion

To conclude, our study suggests that individuals with co-occurring depression and high UPF consumption may represent a group at risk of developing T2D complications. Thus, this group possibly be benefit from greater monitoring and preventive care. However, future research is needed to disentangle the mechanisms linking depression and UPF consumption to T2D complications. In addition, further research is required to replicate these findings in large samples with longer follow-up periods.
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Background

The move away from investigating mental disorders as whole using sum scores to the analysis of symptom-level interactions using network analysis has provided new insights into comorbidities. The current study explored the dynamic interactions between depressive and anxiety symptoms in older Chinese adults with diabetes mellitus (DM) and identified central and bridge symptoms in the depression-anxiety network to provide potential targets for prevention and intervention for depression and anxiety.





Methods

This study used a cross-sectional design with data from the 2017–2018 wave of the Chinese Longitudinal Healthy Longevity Survey (CLHLS). A regularized partial correlation network for depressive and anxiety symptoms was estimated based on self-reported scales completed by 1685 older adults with DM aged 65 years or older. Depressive and anxiety symptoms were assessed using the 10-item Center for Epidemiologic Studies Depression Scale (CESD-10) and the Seven-Item Generalized Anxiety Disorder Scale (GAD-7), respectively. Expected influence (EI) and bridge expected influence (BEI) indices were calculated for each symptom.





Results

According to cutoff scores indicating the presence of depression and anxiety, the prevalences of depression and anxiety in our sample were 52.9% and 12.8%, respectively. The comorbidity rate of depression and anxiety was 11.5%. The six edges with the strongest regularized partial correlations were between symptoms from the same disorder. “Feeling blue/depressed”, “Nervousness or anxiety”, “Uncontrollable worry”, “Trouble relaxing”, and “Worry too much” had the highest EI values. “Nervousness or anxiety” and “Everything was an effort” exhibited the highest BEI values.





Conclusion

Central and bridge symptoms were highlighted in this study. Targeting these symptoms may be effective in preventing the comorbidity of depressive and anxiety symptoms and facilitate interventions in older Chinese adults with DM who are at risk for or currently have depressive and anxiety symptoms.





Keywords: depression, anxiety, network analysis, people with diabetes, older adults




1 Introduction

Diabetes mellitus (DM) is a metabolic disease characterized by hyperglycemia and caused by both genetic and environmental factors (1). The number of adults with DM worldwide is increasing rapidly, and according to the International Diabetes Federation (IDF) report, this number has currently reached 537 million and is expected to increase to 643 million by 2030 (2). China has the largest number of people with diabetes in the world, with about 140 million in 2021 (3). With the increasingly serious problem of population aging in China, the proportion of people over 65 years with diabetes is increasing, and older adults have become the primary demographic of people with diabetes (4). Furthermore, according to the guideline for the management of diabetes mellitus in older people in China (2021 edition), type 2 diabetes mellitus (T2DM) is predominant in the over 65-year-old Chinese population with diabetes, while type 1 diabetes mellitus (T1DM) occurs in the minority (5). In this study, however, diabetes refers to both type 1 and type 2 diabetes.

DM is a chronic non-communicable disease that seriously threatens mental health. The incidence of depression and anxiety disorders (assessed by the Composite International Diagnostic Interview) in people with diabetes is much higher than in the population at large over time, and is 60% higher for major depressive disorder and 123% for general anxiety disorder (6). In particular, the complex condition of older adults, the decline in their physical function and immune systems, long-term monitoring of blood glucose and diet control, and the increased economic pressure resulting from long-term drug treatment, together increase the susceptibility of older adults with DM to comorbid depression and anxiety (7, 8). DM interacts bidirectionally with depression and anxiety. On the one hand, as mentioned above, DM increases the prevalence of depression and anxiety; on the other hand, depression and anxiety can be independent risk factors for the occurrence and development of DM and are known to predict the incidence of later DM (9, 10).

The comorbidity of depression and anxiety is also common in older adults with diabetes. It has been reported that approximately 30% of those with major depressive disorder (MDD) and roughly 50% of those with general anxiety disorder (GAD) meet the criteria for a dual MDD/GAD diagnosis in a sample of people with diabetes with mean age of 57.8 years (6). In the general population, the presence of either depression or anxiety often increases the risk of developing the other (11), and the comorbidity of depression and anxiety results in more severe symptoms, fewer effective treatments are available, and the prognosis is poorer than for either disorder alone (12). Furthermore, people with diabetes with depression and anxiety also have an increased risk of diabetes complications, have a poor prognosis, poor blood glucose control and have lower quality of life (13–15). Therefore, the comorbidity of depression and anxiety in older adults with DM is an important research topic.

Most prior studies on comorbid depression and anxiety have been based on the assumption that anxiety and depression are holistic psychopathological constructs and have generally studied them at a disorder level, using the total score of the corresponding measurement scale to evaluate the severity of each disorder. However, such an approach ignores the interactions between individual symptoms (i.e., items of the measurement scales) and masks the heterogeneity of the various symptoms (16, 17). The pervasive use of sum-scores (i.e., summing the scores for each item) has hampered progress in key research fields such as the search for more effective intervention targets for anxiety and depression (18). Therefore, to better understand the comorbidity of depression and anxiety in older adults with DM and identify possible targets for interventions, we need to adopt a more fine-grained research methodology such as the analysis of individual symptoms and their interactions. Notably, in this study, unless otherwise stated, the term “symptom” refers to items from the scales rather than clinical diagnoses.

Network analysis is an emerging, data-driven approach that provides a new perspective for understanding psychopathology and comorbidity. It permits the structure of mental disorders and the interactions between individual symptoms to be investigated and visualized (19–21). Network analysis is based on the assumption that psychiatric disorders emerge from active interactions between various symptoms, and different symptoms may actively reinforce or inhibit other symptoms, rather than simply viewing symptoms as reflecting underlying latent variables (20, 21). The high comorbidity between depression and anxiety means that the specific symptoms of one psychiatric disorder will increase the risk of developing the other. It is both reasonable and feasible, therefore, to regard them as a complex network comprising the interactions of different symptoms (22, 23). Network analysis helps identify relatively important relationships between the individual symptoms of anxiety and depression. A centrality index can be calculated to quantify the influence of individual symptoms in the network, and determine critical central symptoms that are more likely to activate other symptoms and play major roles in the onset and/or maintenance of the mental disorder (24). Network analysis also calculates a bridge centrality index to identify important bridge symptoms that can facilitate the contagion of one disorder to another, leading to the development and maintenance of comorbidity (25).

Prior studies have used network analysis to explore comorbid symptom networks of anxiety and depression in different populations, such as people with epilepsy (26, 27), older people with functional impairment (28), nursing students (29, 30), people with MDD (31), and people with anxiety disorders (32, 33). However, the results of those studies have been inconsistent. One study based on network analysis examined diabetes distress and depressive and anxiety symptoms in middle-aged Canadians, and findings revealed strong connections between the anxiety symptom of “trouble relaxing” and the depressive symptom of “sleep problems,” as well as between the anxiety symptom of “restless” and the depressive symptom of “psychomotor agitation/retardation” (34). However, to date, depressive and anxiety symptoms in older Chinese adults with DM have not been studied using network analysis. Thus, despite the high prevalence of comorbid depression and anxiety in older adults with diabetes, which seriously affects their mental health and quality of life, these comorbid psychiatric disorders have not received due attention. Considering the data-driven nature of network analysis, the examination of different study populations with various symptoms of depression and anxiety can lead to heterogeneous results. Additionally, the features of symptoms are influenced by sociocultural factors, which can result in variations across countries. For example, culture impacts the experience of depression symptoms and depression is highly stigmatized in some cultures (35), while traditional Chinese social and cultural factors have been reported to potentially serve as protective factors against depression (36). Hence, findings based on other samples are not necessarily applicable to older Chinese adults with DM, and studies are warranted to investigate the comorbidity of depression and anxiety in this population.

The current study is the first to use network analysis to construct a symptom-level network of depression and anxiety in older Chinese adults with DM. We aimed to explore the dynamic interrelationships between depressive and anxiety symptoms. We also aimed to identify central symptoms and bridge symptoms to identify potential targets for the prevention and intervention of anxiety and depression in older Chinese adults with DM.




2 Materials and methods



2.1 Study design and participants

This study used a cross-sectional design based on data from the 2017–2018 wave of the Chinese Longitudinal Healthy Longevity Survey (CLHLS). The CLHLS is a nationally representative, population-based, ongoing survey focusing on older adults in mainland China. Following the baseline survey in 1998, the CLHLS has conducted seven waves of serial follow-up surveys in 2000, 2002, 2005, 2008–2009, 2011–2012, 2014, and 2017–2018. Due to the need for a representative sample, the CLHLS adopted a multi-stage disproportionate and targeted random sampling method (37). The participants were older adults (aged 65 years and above) and their children (aged 35–64 years) selected from about half of the counties and cities in 23 provinces, municipalities, and autonomous regions across China. More details about the CLHLS can be found elsewhere (38–40). The 2017–2018 wave of the CLHLS included 15,874 older adults aged 65 years and over (41). Following the example of previous studies (42, 43), older adults were defined in this study as those aged more than 65 years old. The inclusion criteria for this study were (1): validated age ≥ 65 (2), DM diagnosed by a hospital, and (3) complete data for all depressive and anxiety items. Participants with missing values or answers of “not able to answer”, “don’t know”, or “not applicable” in any scale items of interest were excluded. We focused on the general population of older adults with DM with a full range of symptom severity levels of depression and anxiety, such as ranging from “not depressed” to “severely depressed” rather than a clinical sample with formal diagnoses of depression and/or anxiety. Therefore, there were no other eligibility requirements for participants in this study. Finally, a total of 1685 older adults were included in the current study. The gender distribution of the included participants did not differ significantly from those excluded. However, there was a significant difference in age between included participants versus those excluded (p < 0.001). All methods were carried out in accordance with the Declaration of Helsinki and with relevant guidelines and regulations. Written informed consent was obtained from all participants included in this study. The ethical approvals of the CLHLS study were obtained from the Biomedical Ethics Committee, Peking University (IRB00001052–13074) and the Institutional Review Board, Duke University (Pro00062871). The CLHLS dataset used in this study is open, public, and free.




2.2 Measures



2.2.1 10-item center for epidemiologic studies depression scale

The CESD-10 is a self-report scale used to measure how often each symptom of depression occurred during the past week and has been validated in Chinese older adults (44, 45). It comprises 10 items, each of which is rated using a 4-point Likert-type scale ranging from 0 = never to 3 = always (46). The total score on the CESD-10 can range from 0 to 30, with higher scores representing more severe symptoms of depression. In accordance with previous studies (45–47), a cutoff score of 10 was used to indicate the possible presence of depression. The Cronbach’s α coefficient of this scale was 0.79 in the current study, indicating good internal consistency.




2.2.2 Seven-item generalized anxiety disorder scale

The GAD-7 is a reliable self-report scale used to assess the frequency of the most important diagnostic symptoms of GAD over the previous two weeks (48). It comprises seven items, each of which is rated using a 4-point Likert-type scale ranging from 0 = not at all to 3 = nearly every day. The total score for the GAD-7 can range from 0 to 21 with higher scores indicating more severe anxiety symptoms. Cutoff scores of 5, 10, and 15 represent mild, moderate, and severe levels of anxiety (48, 49). The Cronbach’s α coefficient of the GAD-7 was 0.91 in our sample, indicating excellent internal consistency.





2.3 Statistical analysis



2.3.1 Network estimation

The program RStudio (version 4.3.1) was used to construct the network structure and calculate the expected influence (EI) and bridge expected influence (BEI) of each node. The R package qgraph was used to build and visualize the depression-anxiety network (50). The network was estimated via the Gaussian graphical model (GGM), which is an undirected network (51). According to a tutorial (52), we constructed the network based on Spearman correlations instead of polychoric correlations because of the ordinal nature of item scores, possibly skewed data distribution, and low frequency cross tables leading to biased polychoric correlations, as in previous studies (53, 54). In the constructed network, nodes represented symptoms and were divided into the depression community and the anxiety community; each edge represented the partial correlation between two nodes, with the confounding effects of all other nodes in the network eliminated by statistical controls (55). To regularize the network, a combination of least absolute shrinkage and selection operator (LASSO) and the extended Bayesian information criterion (EBIC) was adopted to shrink all the edges and attenuate small correlations to zero (52, 56, 57). We set the EBIC hyperparameter to 0.5 to determine the optimal network model, thereby creating a sparse and interpretable network (52, 56).




2.3.2 Centrality and bridge centrality estimation

The R packages qgraph and networktools were used to calculate the centrality index (i.e., EI) and bridge centrality index (i.e., BEI) of each node to determine important central and bridge nodes, respectively (25, 50). The EI index was chosen because it outperforms other centrality indices when networks contain both positive and negative edges (58, 59). Node EI is the sum of non-absolute weights of all edges directly connected to a given node (58). Compared with other centrality measures such as node strength, the sum of the absolute value of its connections with other nodes in the network, EI can distinguish between positive and negative edges, and the signs of edge weights are important when assessing the nature and strength of a node’s cumulative influence within the network (e.g., the overall role of activating or remission effect on other nodes) (58). A higher EI value indicates the node is more positively associated with other nodes and exerts more influence on the entire network. Node BEI is the sum of the non-absolute weights of all edges directly linking a given node to nodes in another community, differing from bridge strength which sums the absolute values of the weights, and thus this index is the better option for networks containing both negative and positive edges (25). A higher BEI value suggests the node might contribute more to comorbidity and presents a higher risk of contagion from the current community to another community.




2.3.3 Network accuracy and stability estimation

R package bootnet was used to estimate the robustness of the network by testing the accuracy of edge weights and the stability of the centrality and bridge centrality indices (55), to ensure the accuracy and replicability of the network analysis. The accuracy of the edge weights was assessed by computing 95% confidence intervals (CIs) using non-parametric bootstrapping (1000 bootstrapped samples); the narrower the 95% CI for each edge weight, the more accurate the edge weight estimation (60). The bootstrapped difference tests (α = 0.05, 1000 bootstrapped samples) were conducted to evaluate the differences between the edge weights of node pairs based on 95% CIs, with two edges being statistically different if zero was not included in the CI of the difference between the two edges (60, 61). The stabilities of EI and BEI were assessed by case-dropping bootstrapping (1000 bootstrapped samples) (55). We quantified stability using the correlation stability coefficient (CS-coefficient). The CS-coefficient should not be less than 0.25 and should preferably be greater than 0.5, which represents ideal stability (55). Subsequently, the differences between two node EIs or two node BEIs were also tested by bootstrapped difference tests (α = 0.05, 1000 bootstrapped samples) based on 95% CIs. Similarly, the two EIs or two BEIs were considered significantly different if zero was not included (55, 60).






3 Results



3.1 Descriptive statistics

The mean age of the included participants (N = 1,685) was 80.53 ± 9.98 years (mean ± standard deviation, range = 65–109 years); of whom 748 (44.4%) were male, 758 (45.0%) were registered urban residents, 648 (38.5%) resided in the city area, 872 (51.8%) were married and living with their spouses, 957 (56.8%) slept less than 7 h each day, 1092 (64.8%) were using antidiabetic medications, and 232 (13.8%) perceived diabetes to affect daily life rather seriously. The average years of education was 4.96 with the means of all non-missing values used to impute the missing values. The demographic characteristics of the sample are shown in Table 1. The prevalences of depression (defined as CESD-10 total score ≥ 10) and anxiety (defined as GAD-7 total score ≥ 5) in the present sample were 52.9% and 12.8%, respectively. Additionally, the comorbidity rate of depression and anxiety was 11.5%. Table 2 shows the abbreviations, mean scores, standard deviations, EIs (raw values), and BEIs (raw values) for each symptom of depression and anxiety in the present network.


Table 1 | Demographic characteristics of the sample (N = 1,685).




Table 2 | Abbreviations, mean scores, standard deviations, EIs (raw values), and BEIs (raw values) for each symptom in the depression-anxiety network.






3.2 Network structure

Figure 1 shows the network structure of depression and anxiety symptoms. The network comprised 17 nodes and was estimated with 62.5% (85 of 136) non-zero edges. All edges had positive weights. The six strongest edges that exhibited relatively strong regularized partial correlations were identified. Four of these were in the depression community, those being the edges between CESD2 “Difficulty with concentrating” and CESD4 “Everything was an effort” (weight = 0.26), between CSED8 “Loneliness” and CSED9 “Inability to get going” (weight = 0.30), between CSED1 “Feeling bothered” and CSED3 “Feeling blue/depressed” (weight = 0.33), and between CSED5 “Hopelessness” and CSED7 “Lack of happiness” (weight = 0.39). The other two were in the anxiety community, those being the edges between GAD2 “Uncontrollable worry” and GAD3 “Worry too much” (weight = 0.29) and between GAD5 “Restlessness” and GAD6 “Easily annoyed/irritated” (weight = 0.30). Although weaker, there were several edges linking depression nodes and anxiety nodes, hereafter referred to as bridge edges. Notably, we enumerated these bridge edges based on the relative size of edge weights rather than using a cutoff value or statistical comparisons using bootstrapped difference tests. GAD1 “Nervousness or anxiety” was positively connected to: CESD10 “Sleep disturbances” (weight = 0.10), CESD3 “Feeling blue/depressed”, CESD4 “Everything was an effort”, CESD5 “Hopelessness”, and CESD6 “Feeling nervous/fearful” (weights = 0.05 from CESD3 to CESD6). CESD4 “Everything was an effort” was also positively associated with GAD3 “Worry too much” (weight = 0.06). Supplementary Table 1 gives all the edge weights within the depression-anxiety network.




Figure 1 | The network structure of depression and anxiety symptoms. The yellow nodes denote the depression symptoms (10-item Center for Epidemiologic Studies Depression Scale, CESD-10); the blue nodes denote the anxiety symptoms (seven-item Generalized Anxiety Disorder scale, GAD-7). The specific meanings of each node are shown in Table 1. Blue edges represent positive relations, with thicker and more saturated edges denoting stronger connections between symptom nodes. Nodes with stronger connections are closer to each other. The weights of the edges are provided in Supplementary Table 1.






3.3 Central symptoms and bridge symptoms

Figure 2 shows the EI indices of each node to assess their relative importance in the network. The five nodes with the highest EIs were CESD3 “Feeling blue/depressed” (EI = 1.12), GAD1 “Nervousness or anxiety” (EI = 1.05), GAD2 “Uncontrollable worry” (EI = 1.05), GAD4 “Trouble relaxing” (EI = 1.04), and GAD3 “Worry too much” (EI = 1.02), indicating that those were the most influential symptoms. Figure 3 shows the raw BEI values of each node. The node GAD1 “Nervousness or anxiety” and the node CESD4 “Everything was an effort” had the highest BEI values overall (BEI = 0.38 and 0.13, respectively), with the node GAD1 “Nervousness or anxiety” having the highest BEI by far. This indicates that these two nodes represent critical bridge symptoms.




Figure 2 | The raw values of EI for each node in the present network. The specific meanings of each node are shown in Table 1.






Figure 3 | The raw values of BEI for each node in the present network. The specific meanings of each node are shown in Table 1.






3.4 Network accuracy and stability

As shown in Supplementary Figure 1, the bootstrapped 95% CI was narrow, suggesting that the estimation of edge weights was accurate and stable. Supplementary Figure 2 presents the bootstrapped difference test results for the edge weights, indicating that the weights of the six strongest edges were significantly higher than those of 88.1% - 98.8% of the other nodes. The CS-coefficients of EI and BEI were both 0.75, suggesting that the estimations of EI and BEI were both adequately stable (see Figures 4, 5). The bootstrapped difference test for node EIs showed that the EI values of the five central nodes were significantly higher than those of 68.8% - 75% of the other nodes (see Supplementary Figure 3). Supplementary Figure 4 illustrates the bootstrapped difference test for node BEIs, indicating that the BEI values of the two bridge nodes were significantly higher than those of 56.3% - 100% of other nodes.




Figure 4 | Stability of node expected influences in the network. The red bar represents the average correlation between node expected influences in the full sample and subsample with the red area depicting the 2.5th to the 97.5th quantile.






Figure 5 | Stability of node bridge expected influences in the network. The red bar represents the average correlation between node bridge expected influences in the full sample and subsample with the red area depicting the 2.5th to the 97.5th quantile.







4 Discussion

To the best of our knowledge, this is the first study to use network analysis to investigate symptom-level interactions between depression and anxiety in a group of older Chinese adults with DM. We found some important connections between individual symptoms. We also identified several influential central and bridge symptoms. These findings may facilitate our understanding of the dynamic interplay of individual symptoms in depression and anxiety, shed light on the pathological mechanisms that underly the development and maintenance of comorbid depression and anxiety, and provide better insights into potential intervention and treatment strategies.

The strongest edges appeared within each mental disorder community rather than in connections between the depressive and anxiety symptom communities. This is consistent with many previous studies that have used network analysis to examine the comorbidity of depression and anxiety and found that the strongest edges were between symptoms from the same disorder (26, 29, 31, 62–65), although they have used different assessment tools. The majority of previous studies have used the nine-item Patient Health Questionnaire (PHQ-9) and the GAD-7 to assess depressive and anxiety symptoms, respectively (26, 29, 62–65), except for Park and Kim’s study which used the Beck Depression Inventory and Beck Anxiety Inventory (31). The results of the present study identified four strong connections within the depressive community. Our findings are partly consistent with a prior study that used network analysis to examine insomnia and depressive symptoms (measured by the CESD-10), with the strong edges identified within the depression community of symptoms, i.e., “Loneliness”-”Inability to get going”, “Feeling bothered”-”Feeling blue/depressed”, and “Hopelessness”-”Lack of happiness” (66). Additionally, within the anxiety community, the finding that strong edges existed between GAD2 “Uncontrollable worry” and GAD3 “Worry too much” and between GAD5 “Restlessness” and GAD6 “Easily annoyed/irritated” is consistent with prior network analysis studies of comorbid depressive and anxiety symptoms assessed using the PHQ-9 and GAD-7, respectively (29, 62, 64). Together, these findings that the strongest edges existing within each community were expected because, from a theoretical perspective, the associated symptoms from the same community (e.g., depressive symptoms) interact closely with each other to induce mental disorders (e.g., depression) (20).

According to the network theory of psychopathology, EI may be a crucial way to identify influential central symptoms. Nodes with high EI are thought to be critical central symptoms that contribute to the development and maintenance of mental disorders (20, 58). By activating other symptoms in the network, these central symptoms are thought to trigger and maintain the other symptoms and, by extension, the psychopathological networks. The results of this study showed that CESD-3 “Feeling blue/depressed” was the symptom highest in EI, indicating its central role in the depression-anxiety network for Chinese older adults with DM. Similarly, “Depressed or sad mood” was found to be a central symptom, as has been previously reported in network analyses of depressive and anxiety symptoms in adolescents (67), psychiatric samples (mood, anxiety, personality, and psychotic disorders) (62), nursing students (30), and people diagnosed with both depression and anxiety disorders (68). The majority of these studies used PHQ-9 and GAD-7 to measure depressive and anxiety symptoms, respectively (62, 67, 68), except for Bai et al.’s study which used two-item PHQ and GAD-7 (30). Our findings are also consistent with other network analysis studies of individuals with elevated depressive symptoms and shift workers (with depressive symptoms assessed using the Inventory of Depressive Symptomatology and CESD-10, respectively) that reported that feeling depressed was one of the central symptoms (17, 66). Therefore, the central symptom of “Feeling blue/depressed” may be consistent across different populations; nonetheless, it should be examined further. Additionally, depressed or sad mood has been reported to be important for the prediction of MDD and increases the incidence of MDD (69), which is in line with our finding. Furthermore, prior studies have revealed that DM is associated with an increased risk of incident depressed mood in 70-to 79-year-old adults with DM (70). These lines of evidence support our finding that “Feeling blue/depressed” is critical to the development and maintenance of the depression-anxiety network in older adults with DM.

The symptom GAD2 “Uncontrollable worry” was another predominant central symptom (the second highest in EI overall) that emerged in the depression-anxiety network, suggesting that it may also contribute to the activation of other symptoms and the maintenance of the depression-anxiety network in older adults with DM. This is consistent with prior studies that have identified “Uncontrollable worry” as a central node in the network of depression and anxiety symptoms (measured by the PHQ-9 and GAD-7, respectively) in different populations (college students, patients diagnosed with both depression and an anxiety disorder, clinicians) based on strength centrality (65), strength and EI centrality (68), or EI centrality (64), respectively. In addition, we also found that GAD1 “Nervousness or anxiety”, GAD4 “Trouble relaxing”, and GAD3 “Worry too much” were high in EI and were thus identified as central symptoms. These findings are partially consistent with prior studies that have shown that “Trouble relaxing” (or “Unable to relax”) and “Excessive worry” (or “Too much worry”) had high centrality indices for the populations studied (27, 62, 64, 65, 68). The aforementioned studies all used the PHQ-9 and the GAD-7 to assess depressive and anxiety symptoms except for Gauld et al. (27) who used the Neurological Disorders Depression Inventory for Epilepsy (NDDI-E) and the GAD-7. However, GAD1 “Nervousness or anxiety” was not found to be a central symptom in prior studies. This inconsistency may be the result of the use of different study samples, e.g., older adults with DM in our study versus a psychiatric sample in Beard et al.’s study (62), people with epilepsy in Gauld et al.’s study (27), and people with both depression and an anxiety disorder in Kaiser et al.’s study (68). The characteristics of older adults with DM differ from those of individuals with neurological or psychiatric disorders. Serious diabetes complications such as macrovascular complications (e.g., cardiovascular disease) and microvascular complications (e.g., kidney disease and diabetic retinopathy and neuropathy) (71), as well as diabetes-related distress such as hypoglycemia induced by insulin treatment (72, 73), are all intractable problems for people with DM. In particular, the potential pathophysiology of DM in older adults is worse because of the adverse effects of aging on metabolic regulation; aging effects can interact with diabetes to accelerate the progression of diabetic complications (74). Additionally, older adults are more susceptible to hypoglycemia and its consequences such as falls and consequent fractures, cardiovascular events, and mortality (75–77). Therefore, older adults with DM can be prone to feel nervous, anxious, or on edge (i.e., GAD1 “Nervousness or anxiety”). This distinguishes them from other populations and warrants further validation in future studies.

People with comorbid depressive and anxiety symptoms tend to respond poorly to treatment, have a longer duration of illness, and experience poor prognoses (12). The results of this study found GAD1 “Nervousness or anxiety” and CESD4 “Everything was an effort” to be critical bridge symptoms, indicating their roles in the development and maintenance of concurrent depression and anxiety in older adults with DM. Bridge symptoms could facilitate the spread of activation of one mental disorder to another, thereby contributing to contagion between disorders, and providing a new perspective for explaining comorbidity (25). GAD1 “Nervousness or anxiety” was identified as the bridge symptom, indicating the role of anxiety in the development of depression. This finding is consistent with prior research that has found “Nervousness” to be the bridge symptom between depression and anxiety for nursing students (30, 78). Our results showed that GAD1 “Nervousness or anxiety” was positively linked to many anxiety symptoms, such as CESD10 “Sleep disturbances” and CESD3 “Feeling blue/depressed”. This is consistent with prior studies that showed that the edges between “Nervousness or anxiety” and “sad mood” and between “Nervousness or anxiety” and “Sleep difficulties” are bridge pathways between depression and anxiety (symptoms measured using the PHQ-9 and GAD-7, respectively) (28, 62). Similarly, we found the influential bridge symptom within the depression community to be CESD4 “Everything was an effort”, suggesting it has an important role in contagion from depression to anxiety. Specifically, CESD4 “Everything was an effort” had relatively strong and positive associations with GAD1 “Nervousness or anxiety” and GAD3 “Worry too much”. Our findings indicated that feeling that everything was an effort might increase the risk of anxiety symptoms such as nervousness/anxiety and worrying too much. However, no previous studies have reported finding that “Everything was an effort” was the bridge symptom, consequently, a direct comparison cannot be made, and hence this issue is worthy of further study. Although we adopted a cross-sectional design and thus causality cannot be inferred from our study, our findings provide preliminary insights into the hallmark bridge symptoms facilitating the comorbidity of depression and anxiety. Moreover, our findings are in accordance with prior longitudinal studies that demonstrated that anxiety and depression are reciprocal risk factors for one another: that is to say, anxiety symptoms can lead to depressive symptoms and vice versa (11, 79–82).

The prominent central and bridge symptoms that were identified in the depression-anxiety network have potential clinical implications. According to the theory of psychopathological network, interventions targeting important central symptoms may have the greatest effect in destroying the overall network and reducing the severity of the network as a whole, facilitating intervention and treatment (19, 58). This study thus provides guidance for intervention strategies and suggests that targeting the symptoms “Feeling blue/depressed”, “Nervousness or anxiety”, “Uncontrollable worry”, “Trouble relaxing”, and “Worry too much” may be conducive to the prevention and treatment of depression and anxiety. Similarly, deactivating important bridge symptoms can disrupt the connections between comorbid mental disorders and prevent the contagion of one disorder to another, thereby reducing comorbidity (25). Based on the results of the present study, the bridge symptoms “Nervousness or anxiety” and “Everything was an effort” are recommended as intervention targets for the prevention and reduction of comorbid depression and anxiety disorders. Cognitive behavior therapy (CBT) is an effective treatment that is commonly used in the prevention of and intervention for depressive and anxiety symptoms in people with DM (83–85). Our findings indicate that CBT strategies (e.g., cognitive restructuring and behavioral activation) focusing on the central symptoms and bridge symptoms may be of benefit for the prevention and treatment of depression and anxiety and reduce their comorbidity in older adults with DM, although this needs further empirical research.

The strengths of this study include its large sample size, the representative study sample, and the utilization of network analysis to visualize depressive and anxiety symptom structures in older Chinese adults with DM with stable results. However, this study also has several limitations that should be noted. First, due to the cross-sectional design of our study, we could not infer the direction of causality between depression and anxiety. For insights into the temporal relationships, longitudinal research is needed. Second, the depressive and anxiety symptoms were measured using self-report scales, which may induce recall bias and remind us to interpret the results cautiously. Third, the findings may have limited generalizability as our sample focused on older Chinese adults with DM, and it is not known how generalizable our findings are to other populations. The applicability of our results to other populations with DM or older adults with clinically diagnosed depression and/or anxiety also requires replication. Fourth, the network did not include covariates or confounders such as diabetes complications, individuals’ personality traits, and biological factors which should be considered in future studies. Fifth, the type of diabetes was not considered since it was not recorded in the CLHLS dataset we used. Although type 2 diabetes was predominant among the older adults, future studies should examine whether the type of diabetes has an effect on the network structure. Finally, the network structure constructed in this study only reflects group effects, meaning that it cannot capture idiographic individual-level processes of depression and anxiety.




5 Conclusion

This study presents the first application of symptom-level network analysis to investigate the depressive and anxiety symptoms of older Chinese adults with DM. The results revealed that “Feeling blue/depressed”, “Nervousness or anxiety”, “Uncontrollable worry”, “Trouble relaxing”, and “Worry too much” were the most central symptoms and that “Nervousness or anxiety” and “Everything was an effort” were the key bridge symptoms within the depression-anxiety network. These identified symptoms may be potentially effective targets for the prevention of depression and anxiety among at-risk older adults with DM and inform treatment strategies for those who have depression and anxiety.
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Background

The relationship between gestational diabetes (GDM) and the risk of depression has been thoroughly investigated in high-income countries on their financial basis, while it is largely unexplored in low- and middle- income countries. This meta-analysis aims to assess how GDM influences the risk of perinatal depression by searching multiple electronic databases for studies measuring the odds ratios between them in low- and middle-income countries.





Methods

Two independent reviewers searched multiple electronic databases for studies that investigated GDM and perinatal mental disorders on August 31, 2023. Pooled odds ratios (ORs) and confidence intervals (CIs) were calculated using the random effect model. Subgroup analyses were further conducted based on the type of study design and country income level.





Results

In total, 16 observational studies met the inclusion criteria. Only the number of studies on depression (n=10) satisfied the conditions to conduct a meta-analysis, showing the relationship between mental illness and GDM has been overlooked in low- and middle-income countries. Evidence shows an elevated risk of perinatal depression in women with GDM (pooled OR 1.92; 95% CI 1.24, 2.97; 10 studies). The increased risk of perinatal depression in patients with GDM was not significantly different between cross-sectional and prospective design. Country income level is a significant factor that adversely influences the risk of perinatal depression in GDM patients.





Conclusion

Our findings suggested that women with GDM are vulnerable to perinatal depressive symptoms, and a deeper understanding of potential risk factors and mechanisms may help inform strategies aimed at prevention of exposure to these complications during pregnancy.





Keywords: mental disorders, gestational diabetes, meta-analysis, pregnancy, perinatal depression, developing countries




1 Introduction

Gestational diabetes (GDM) is defined as glucose intolerance with onset or first recognition during pregnancy and can affect up to 25% of women during pregnancy globally (1). As one of the most common pregnancy complications, GDM is related to both short- and long-term adverse health outcomes in women and their offspring. Women with GDM are more likely to have gestational hypertension, preeclampsia, emergency Caesarean delivery, and type 2 diabetes mellitus (2–4). Besides, increasing evidence also suggested the close relationship between GDM and the risk of mental disorders, with a predominant focus on the attention drawn to its association with depression (5–7). For instance, a recent meta-analysis in 10 cohort studies with a total population of 2,000,002 identified a significantly increased risk of developing postpartum depressive symptoms in women with GDM (8). The risk of depression in women with GDM is worth emphasizing, as physical health and mental health are tightly connected. When mental health problems coexist with physical health problems, health outcomes, disability, and costs tend to be much worse (9, 10).

However, the relationship between GDM and the risk of perinatal depression in low- and middle-income countries has only recently become the subject of interest. Accumulating evidence shows both the risks of physical and mental health vary based on income levels (11, 12). Moreover, high-income countries tend to have more healthcare budgets and distribute greater proportions of budgets on mental health treatment than low- and middle-income countries. Therefore, previous findings based on high-income countries were insufficient to guide disease treatment in low- and middle- income countries.

Recent research found a mental health-based “poverty trap”: poverty results in poor physical health and early-life conditions, which in turn leads to depression and anxiety disorders that could adversely affect individuals’ childhood development, productivity, women’s empowerment, as well as economic decision-making, and eventually reinforces poverty (9). Hence, understanding the link between physical and mental health, as well as how they interact with income, is an important next step for low- and middle-income countries. It not only allows countries to optimize the distribution of their healthcare budgets, but also reinforces them to escape the poverty trap and enhance economic gains. Therefore, the primary aim of this meta-analysis is to systematically investigate the association between GDM and the risk of perinatal depression in low- and middle-income countries; by doing this, we want to emphasize the importance of caring for depression among the GDM population, especially in low- and middle-income countries.




2 Material and methods



2.1 Literature search

Two investigators independently (YJ and CW) searched databases of Medline, EMBASE, Pubmed, Web of Science, and PsycINFO from inception until August 31, 2023. Search terms such as “gestational diabetes mellitus” and “mental disorders” were adapted from previous systematic reviews in the area (13–15). The complete list of the search terms used is presented in the Supplementary File. Forward and backward citation was also undertaken.




2.2 Study selection

Inclusion criteria were confined to peer-reviewed studies published in English or with sufficiently detailed English abstracts to extract relevant information, measuring both GDM and perinatal mental disorders. Perinatal mental disorders included depression, anxiety, psychotic or eating disorders diagnosed at antenatal (between conception and delivery) or postpartum (up to 1 year following delivery) period, as there were plausible mechanisms for an association between these disorders and GDM. The study type is either cohort (prospective or retrospective) or cross-sectional.

Exclusion criteria included studies conducted in countries classified as high-income by the World Bank. Additionally, studies from high-income regions of Hong Kong, Taiwan, and Macau were excluded from the analysis due to their distinct economic and healthcare conditions compared to mainland China. Furthermore, studies in which mental disorders were diagnosed prior to the onset of GDM were excluded. Finally, studies that did not report unadjusted odds ratios for the relationship between GDM and mental disorders, or did not provide sufficient data for the calculation of odds ratios, were excluded from the meta-analysis.

Following de-duplication, titles and abstracts were screened, followed by full-text screening by two independent reviewers. In total, 16 studies met the study’s inclusion criteria.




2.3 Data extraction

Data extraction was conducted by two independent reviewers (YJ and CW) and the following data were extracted: the last name of the first author, year of publication, country, sample size, study design, diagnostic criteria of exposure and outcome, the timing of outcome assessment (antepartum vs. postpartum), significant risk factors (BMI, age, occupation, etc.), and unadjusted odds ratios with corresponding 95% confidence intervals (CIs).




2.4 Risk of bias assessment

The quality of the selection, comparability, and outcome of the included studies was assessed using a pre-piloted modified Newcastle-Ottawa scale (16) (Supplementary Table S1). Two independent reviewers (YJ and CW) performed the quality assessment and scored the included studies. Scores for selection bias and measurement bias were of particular interest as most of the studies were of observational design. A study with a score of zero in any of the evaluation domains was categorized as high risk of bias. Otherwise studies were categorized as low to moderate risk (17, 18). A lower risk of bias indicates higher quality.




2.5 Data synthesis

Unadjusted ORs with 95% CIs were used as measures of the association as studies were adjusted for different covariates. If ORs for at least three studies were available for one mental disorder, a meta-analysis was performed (19). DerSimonian-Laird random effects model (20) was the most commonly used method in meta-analysis because it is especially useful for providing an overall effect estimate and characterizing the heterogeneity of effects across a series of studies. When the proportion of total variation in study estimates that is due to heterogeneity (denoting as l2), it was decided a-priori such as 90% would preclude meta-analysis as this represents substantial heterogeneity (21). To evaluate the influence of each study, we conduct a sensitivity analysis by omitting each study individually and recalculating the pooled unadjusted ORs for the rest of the studies. All analyses were performed using STATA version 17 (22).

Subgroup analysis was performed for factors that could potentially impact the relationship between GDM and the risk of perinatal mental disorders. Potential factors include study type (prospective or cross-sectional studies), country income level, the timing of diagnostic (symptoms measured in antepartum or postpartum period) and mental disorder type. If ORs for at least three studies were available for each subgroup, a subgroup meta-analysis was additionally performed.





3 Results



3.1 Study characteristics

As shown in Figure 1, we identified 1316 studies from five different electronic databases. During the initial screening by title and abstract, the majority of the articles were excluded for being conducted in high-income countries or intervention studies without baseline data.




Figure 1 | Study selection process for meta-analysis of studies on Gestational diabetes and risk of perinatal mental disorders in low- and middle-income countries.



Among the 16 studies included, 10 studies were eligible for meta-analysis, and 6 studies were only used for prevalence and risk factors analysis due to lack of unadjusted ORs. The characteristics of the included studies were summarized in Table 1.


Table 1 | Characteristics of included studies.



The most prevalent study design was prospective cohort (N=10) and 8 studies were cross-sectional. All of the studies were performed in low- or middle-income countries and 7 studies were from China. Diagnostic criteria for GDM include the International Classification of Diseases (ICD), oral glucose tolerance test, medical records, and self-report. Assessments for depressive symptoms or depression were based on the Edinburgh Postnatal Depression Scale (EDPS), the ICD, the Montogomery and Asberg Depression Rating Scale (MADRS), the Zung Self-Rating Depression Scale (SDS), The Beck Depression Inventory (BDI), and self-report. Assessment for anxiety symptoms or anxiety were based on the Self-Rating Anxiety Scale (SAS), the ICD, and MINI structured interview.

It is worth mentioning that in our original planned analysis, we intended to examine the relationship between GDM and a comprehensive range of perinatal mental disorders, encompassing depression, anxiety, psychotic, and eating disorders. However, the search results suggest current studies from low- and middle-income countries can only be found sufficient when they pertain to either depression or anxiety. Furthermore, among these perinatal mental disorders, only the quantity of literature on depression fulfilled the criteria for meta-analysis. Therefore, this study will primarily concentrate on examining the risk associated with perinatal depression in patients with GDM.




3.2 Risk of depression in patients with GDM

Out of 16 included studies, 10 studies measured diagnoses or symptoms of depression and were eligible for meta-analysis (23–32). Their respective characteristics and relevant findings were presented in Table 2.


Table 2 | Summary of data provided by each study.



The unadjusted ORs varied from 0.83 to 5.90 across studies (Figure 2). Among the 10 studies, 8 studies found a significant increase in risk of depression, while 2 studies reported no association. Pooling together, women with GDM compared with the control group had a notably increased risk of developing perinatal depressive symptoms (pooled unadjusted OR= 1.92, 95% CI 1.24, 2.97). There was a high degree of heterogeneity across studies (l2 = 80.87%, P for heterogeneity = 0.00).




Figure 2 | Meta-analysis of studies examining the association between gestational diabetes and risk of perinatal depression.



The following 6 studies were not included in the meta-analysis for having no unadjusted ORs available as effect estimates. Dame et al. reported the proportion of women with antenatal depression among GDM women (proportion = 31%) (34). Mak et al. found that the 3 months postpartum EPDS score was significantly higher in women with GDM than those without GDM (EPDS in GDM group=2.1, EPDS in control group=1.5, p-value <0.001) (35). Chen et al. and Peng et al. provided GDM prevalence and treated depression as exposure (36, 37). Dai et al. aggregated depression, anxiety and obsessive-compulsive disorders into one measure and reports the prevalence of GDM in psychiatric and healthy control group (prevalence in psychiatric group = 20.7%, prevalence in healthy control group=6.1%) (38). Lastly, Levy-Shiff et al. found no association between GDM and depressive symptoms in second trimester (BDI score in GDM group=6.70, BDI score in control group=6.59, p-value=0.42) (39).




3.3 Study type influence in risk of depression in patients with GDM

In this section, we investigated the impact of study type on the reported results of the relationship between GDM and the risk of perinatal depression, as a prior study observed significant variations in associations across different study types (8), by performing a subgroup analysis. In the subgroup analysis, only the difference between cross-sectional and prospective studies was analyzed (Figure 3), as there were not enough retrospective studies presented. The pooled unadjusted ORs for cross-sectional and prospective study design were 1.34 (95% CI 0.90,1.99) and 2.36 (95% CI 1.22, 4.57) respectively. Cross-sectional studies had lower estimates than prospective studies, but the difference in pooled unadjusted ORs across different study design was not substantial (P for group difference = 0.15). There was no evidence of heterogeneity in cross-sectional cohort studies (l2 = 45.36%, P for heterogeneity = 0.16), and a high degree of heterogeneity in prospective cohort studies (l2 = 85.20%, P for heterogeneity = 0.00). Sensitivity analysis did not identify studies that had substantial influences on the overall effect estimate, with pooled unadjusted ORs ranging from 1.66 to 2.14.




Figure 3 | Subgroup meta-analysis of studies examining the association between gestational diabetes and risk of perinatal depression according to study design type.






3.4 Income influences in risk of depression in patients with GDM

In this section, we proceeded to conduct a subgroup analysis based on income levels (Figure 4). Specifically, the studies were divided into subgroups of lower-middle-income and upper-middle-income, according to the World Bank’s yearly classification of national income level. That means the studies conducted in a same country, mainly China in our analysis, would be grouped differently due to the income level at their publication year. As a major result, the association between GDM and depression was found to be remarkably influenced by income levels of studied countries (P for group difference = 0.00). The pooled unadjusted ORs for studies performed in lower-middle- and upper-middle-income countries were 3.32 (95% CI 2.07, 5.31) and 1.34 (95% CI 0.89. 2.03), respectively. There was no evidence of heterogeneity in studies from lower-middle-income countries (l2 = 42.18%, P for heterogeneity = 0.16), and a notable degree of heterogeneity in studies from upper-middle-income countries (l2= 67.41%, P for heterogeneity = 0.01). Besides, we found that the risk of depression in women with GDM is significantly higher in lower-middle-income countries compared to that in upper-middle-income countries, suggesting country income level is a significant factor that adversely influences the risk of perinatal depression in middle-income countries. It is unfortunate that data from low-income countries were insufficient to take part in this subgroup analysis, which could have made the analysis result more comprehensive.




Figure 4 | Subgroup meta-analysis of studies examining the association between gestational diabetes and risk of perinatal depression according to country income level.







4 Discussion



4.1 Main findings

Our meta-analysis differed from previous literature with an emphasis on studies conducted in low- and middle-income countries. Pooled unadjusted ORs for risk of perinatal depression was 1.92 (95% CI 1.24, 2.97), indicating that women with GDM have elevated risk of depression than those without GDM. This finding was in accordance with past researches in high income countries (8, 40). Furthermore, the pooled unadjusted ORs was substantially higher in studies conducted in lower-middle-countries than that in upper-middle-income countries, which supports our hypothesis that poverty exposes women to adverse mental and physical conditions. Among the included studies, one study (23) in Iraq and another study in Ethiopia (24) have notably higher unadjusted ORs (OR=4.45, 95% CI 1.68, 11.81 and OR=5.90, 95% CI 3.03, 11.49) compared to other studies in the same country income category. We speculated the elevated risk of depression was linked to constant armed conflicts in the regions. Moreover, it should be pointed out that the number of studies in anxiety disorder and other mental illness did not meet our standard to conduct meta-analysis, leaving opportunities for future research in low- and middle-income countries.




4.2 Potential mechanisms

The mechanism underlying the relationship between GDM and the risk of perinatal depression is unclear. Previous literature on type 2 diabetes speculated that perinatal depression resulted from biochemical changes directly due to GDM or from the psychological factors related to GDM or its treatment (41). There is also evidence suggesting that diabetes and depression may share common biological risk factors. For example, dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis has been observed in people with either diabetes or depression (42, 43). Women with GDM are more prone to experience increased inflammation and adipokine concentration, which are also related to depression as well (44, 45). The event of having GDM itself could also result in depressive mood. In addition, we found that GDM and mental disorders shared several common risk factors, including age, education level, and occupation. Women with elder maternal age or unemployed women and housewives are more likely to have GDM and mental disorders (Table 2). Besides, a number of studies found that depressive symptoms were related to difficulties in adaption to diabetic complications and adverse obstetric outcome, including caesarean delivery and preterm delivery (46, 47). Moreover, insufficient nutritional support is also speculated to be associated with mental illness and GDM (48, 49). Studies have indicated a consistent correlation between lower income levels and inferior diet quality. (50, 51). Compared to individuals with higher income, those with lower income consume fewer fruits and vegetables, a greater amount of sugar-sweetened beverages, and have a lower overall diet quality (52, 53). Based on the theory of social causation, the condition of poverty could cause depression through financial stress, decreased social capital and inferior diet (54).




4.3 Strengths and limitations

To our knowledge, this is the first study that has thoroughly reviewed the literature in low- and middle-income countries and meta-analyzed the risk of perinatal depression in women with GDM. Since effect estimate and symptoms of depression may vary across subgroups, our meta-analysis was also grouped by study design and country income level.

Most of the included studies only provided unadjusted ORs, which may inflate the estimates for risk of depression. A few studies indicated that BMI and ethnicity may moderate the impact of perinatal depression, but information related to these confounders were often missing from studies (55, 56). Furthermore, previous literature found that obesity, level of glycemic control and GDM management strategies (insulin vs. diet intervention) may also have an impact on depression (57–59). Despite acknowledging the potential moderating effect of these variables on perinatal depression, the lack of detailed reporting hindered our ability to conduct a robust subgroup analysis.

Nearly half of the studies were identified as high risk of bias. Studies at high risk of bias mostly lack information regarding sample selection process or GDM diagnostic criteria. There was a high degree of heterogeneity among included studies. The source of heterogeneity came from both depression and GDM. Moreover, the screening tools of perinatal depression and GDM varied across studies. For depression evaluation, there were multiple assessment tools including EPDS, BDI, and Patient Health Questionnaire-9, and there is a lack of consensus on the optimal cut-off point in the literature. For instance, the cut-offs for EPDS were 9, 10, and 12 in three included studies. The screening time of postpartum depression include 1-month, 3-months, and 6-months postpartum. Previous studies also have contradictory results regarding 6-months depressive scores (35, 60). For GDM diagnosis, two studies used self-reported data, which may add to the risk of information bias.




4.4 Implications

A future potential and urgent area for research is the investigation of relationships between GDM and the risk of mental disorders other than depression in low- and middle-income countries. Current studies in less common mental disorders, such as eating disorders and bipolar disorder, were mostly performed in high-income countries. Current studies independently found that the prevalence of GDM and mental disorders was both higher in resource-constrained countries (61, 62), but the relationship between them are still relatively unexplored. Research in resource-constrained countries is speculated to have an important impact, as we found in this study on depression that the severity of mental disorders could be significantly negatively correlated to country income level. The research would also be important from both social and healthcare contexts because mental health problems can cause adverse consequences for women, their infants, and even the larger families. Addressing barriers in nutrition education and counselling, diet intervention, antenatal and postpartum care services, as well as emotional support services may contribute to improve health outcomes of pregnant women in low- and middle-income countries. During future investigations, we also emphasize a greater understanding of the underlying mechanism between GDM and depression, for it is essential for interventions to reduce not only the risk of depression but also other complications.





5 Conclusion

In this study, we performed a meta-analysis to examine the risk of perinatal depression among individuals diagnosed with GDM in low- and middle-income countries. We searched for studies on various mental disorders, but only identified sufficient research on depression that met the criteria for inclusion in our meta-analysis. This finding underscores the limited amount of research available on perinatal mental disorders in low- and middle-income countries and emphasizes the urgent need for further studies in this area.

Focusing specifically on perinatal depression, we found a significant increase in the likelihood of experiencing depressive symptoms in individuals with GDM. This finding emphasizes the importance of managing GDM, as doing so can help reduce adverse obstetric outcomes. Additionally, we found that the risk of depression in women with GDM is significantly higher in lower-middle-income countries compared to that in upper-middle-income countries, indicating country income level is a significant factor that adversely impacts the risk of depression in middle-income countries. The implications of this study are particularly relevant for low- and middle-income countries, as depression can directly impact individuals’ economic decision-making and productivity, potentially leading to increased poverty. Therefore, addressing perinatal mental health issues, especially in the context of GDM, is crucial for improving overall well-being and socio-economic outcomes. A deeper understanding of the relation and mechanisms between GDM and depression may help to identify the risk of depression at an early stage and reduce obstetric complications.
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Background

Psychosocial status and patient reported outcomes (PRO) [depression and health-related quality-of-life (HRQoL)] are major health determinants. We investigated the association between depression and clinical outcomes in Chinese patients with type 2 diabetes (T2D), adjusted for PRO.





Methods

Using prospective data from Hong Kong Diabetes Register (2013-2019), we estimated the hazard-ratio (HR, 95%CI) of depression (validated Patient Health Questionnaire 9 (PHQ-9) score≥7) with incident cardiovascular disease (CVD), ischemic heart disease (IHD), chronic kidney disease (CKD: eGFR<60 ml/min/1.73m2) and all-cause mortality in 4525 Chinese patients with T2D adjusted for patient characteristics, renal function, medications, self-care and HRQoL domains (mobility, self-care, usual activities, pain/discomfort, anxiety/depression measured by EQ-5D-3L) in linear-regression models.





Results

In this cohort without prior events [mean ± SD age:55.7 ± 10.6, 43.7% women, median (IQR) disease duration of 7.0 (2.0-13.0) years, HbA1c, 7.2% (6.6%-8.20%), 26.4% insulin-treated], 537(11.9%) patients had depressive symptoms and 1923 (42.5%) patients had some problems with HRQoL at baseline. After 5.6(IQR: 4.4-6.2) years, 141 patients (3.1%) died, 533(11.8%) developed CKD and 164(3.6%) developed CVD. In a fully-adjusted model (model 4) including self-care and HRQoL, the aHR of depression was 1.99 (95% confidence interval CI):1.25-3.18) for CVD, 2.29 (1.25-4.21) for IHD. Depression was associated with all-cause mortality in models 1-3 adjusted for demographics, clinical characteristics and self-care, but was attenuated after adjusting for HRQoL (model 4- 1.54; 95%CI: 0.91-2.60), though HR still indicated same direction with important magnitude. Patients who reported having regular exercise (3-4 times per week) had reduced aHR of CKD [0.61 (0.41–0.89)]. Item 4 of PHQ-9 (feeling tired, little energy) was independently associated with all-cause mortality with aHR of 1.66 (1.30-2.12).





Conclusion

Depression exhibits significant association with CVD, IHD, and all-cause mortality in patients with diabetes, adjusting for their HRQoL and health behaviors. Despite the association between depression and all-cause mortality attenuated after adjusting for HRQoL, the effect size remains substantial. The feeling of tiredness or having little energy, as assessed by item Q4 of the PHQ-9 questionnaire, was found to be significantly associated with an increased risk of all-cause mortality after covariate adjustments. Our findings emphasize the importance of incorporating psychiatric evaluations into holistic diabetes management.





Keywords: depression, cardiovascular-renal events, mortality, patient reported outcomes, health related quality of life




1 Introduction

Type 2 diabetes (T2D) is a chronic disease requiring self-care and discipline to prevent complications and premature death (1, 2). Rapid socio-economical changes in China were paralleled by a rise in T2D prevalence from 1% in 1980 to 10% in 2021 (2). Depression and diabetes (3) frequently coexist, with most of the data coming from Europeans. In the last 30 years, mental illness, especially depression, has become prevalent across Asia (4). In 2013, amongst 0.5 million Chinese participating in the China Kadoorie Biobank Project, those with major depression had 1.75 times (95%CI: 1.47–2.08) increased risk of prevalent T2D (5). In a Hong Kong clinic-based register, we reported that 18% of patients with T2D had depression (Patient health questionnaire 9 (PHQ-9) score of ≥7), which was associated with poor glycaemic control and hypoglycaemia (6), in part due to poor treatment adherence (7).

From a biological perspective, neurohormonal dysregulation associated with depression may worsen cardiovascular risk factors (8). There are multiple clinical studies that reported patients with T2D and co-morbid depression have elevated risk in experiencing CVD morbidity and mortality (9–11). In our previous study, we reported that using a diagnosis of depression registered by psychiatrist, Hong Kong Chinese patients with T2D who received specialist care for depression had more than 2 times increased risk of premature mortality and cardiovascular disease (CVD) than those without depression (12). Against a backdrop of growing burden of diabetes and depression, the Lancet Commission Report on Diabetes (1) and American Diabetes Association/European Association for Study of Diabetes (ADA/EASD) practice guidelines (13) highlighted the importance of evaluating psychosocial needs and patient-reported outcomes (PRO) including depressive symptoms, health-related quality of life (HRQoL), self-care and their inter-relationships in influencing clinical outcomes to inform practice and policies. There is paucity in evidence that establish association between depression, cardiovascular-renal outcomes and mortality that consider the influence of PROs such as HRQoL and health behaviours of patients with diabetes.

In this study, utilizing the Hong Kong Diabetes Register (HKDR) with detailed documentation of clinical profiles including PRO during structured assessment, we examined prospectively the association of depression with all-cause mortality, CVD and CKD and their associations with PRO including self-care and HRQoL in patients with T2D.




2 Materials and methods



2.1 Patients

The HKDR was established in 1995 at the Diabetes and Endocrine Centre, Prince of Wales Hospital (PWH), as a research-driven quality improvement program using structured clinical assessment (14). Using a unique identifier, HKDR was linked to a territory-wide electronic medical record system with hospitalization data and death registry for epidemiological analysis. In the present analysis, we included patients diagnosed with T2D aged ≥18 years and excluded patients with Type 1 diabetes (T1D) in the HKDR. The latter was defined by acute presentation with ketosis or requirement of continuous insulin treatment within 1 year of diagnosis, adapted from a definition of T1D in Caucasians (15). Hospitalization data was captured using international classification of disease codes (ICD-9) and causes of death by ICD-10 (14) (Supplementary Table 1). In 2007, we included EuroQol-5 Dimension 3 Levels (EQ5D-3L) to measure HRQoL (16) and in 2013, we included Chinese-validated PHQ-9 to measure depression (6). By 2019, 6818 patients had completed both PHQ-9 and EQ5D-3L. Amongst them, we excluded 2293 patients with (1) history of CVD [stroke, peripheral vascular disease (PVD), ischaemic heart disease (IHD)] (n=1436) and/or (2) CKD defined as estimated glomerular filtration rate (eGFR) less than 60 ml/min/1.73m2 (n=1181) and/or (3) incomplete responses to the PHQ-9 questionnaire (n=112). We analysed clinical outcomes in the remaining 4525 patients with T2D, of whom 4429 (97.9%) had completed all items of EQ5D-3L.




2.2 Baseline clinical assessment

All participants of the HKDR underwent protocol-driven assessment by trained nurses (history taking, physical examination including eye and feet and laboratory investigations including blood and urine tests) directed by case report forms. The data included sociodemographic factors, years of education, occupation, medical history, current drug use and self-care [adherence to a balanced diet, regular exercise, self-monitoring of blood glucose (SMBG), medication adherence] were documented. Physical examination included measurements of blood pressure, body weight, height, waist and hip circumference (14). After an overnight fast, blood was drawn for measurement of glycated haemoglobin (HbA1c), plasma glucose, lipid profile (total cholesterol, triglyceride, high-density cholesterol (HDL-C) and calculated low-density lipoprotein cholesterol (LDL-C) and random spot urine sample was used to measure urinary albumin-to-creatinine ratio (ACR). The Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation was used to derive estimated glomerular filtration rate (eGFR) (17).




2.3 Psychological assessment

The PHQ-9 was derived from the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) diagnostic criteria for major depression. Based on a 2-week recall period, the questionnaire consists of 9 items with a score range of 0 (not at all) to 3 (nearly every day) for each item with a total score range of 0-27. In Hong Kong Chinese patients with T2D, using semi-structured interview as reference test, our group validated a cut-off score of 7 to detect depression with optimal sensitivity and specificity (6) versus a cut-off value of 10 in most European studies (6).

PHQ-9 items Q1 (little interest or pleasure in doing things) and Q2 (feeling down, depressed or hopeless) had been validated as a short screening tool (PHQ-2) (18). Amongst PHQ-9 items, Q3-5 (trouble sleeping, low energy and appetite) enquire about somatic symptoms while Q6-9 items (feeling bad about yourself, trouble concentrating, moving or speaking slowly, suicidal ideation) assess non-somatic symptoms (19). EQ-5D-3L evaluates five health domains including mobility, self-care, usual activities, pain/discomfort and anxiety/depression (20), rated on three levels: 1 (no problem), 2 (some problems) to 3 (extreme problems). The traditional Chinese versions of PHQ-9 (6) and EQ-5D-3L (21) were used in this study.

All patients gave written informed consent for anonymized data to be analysed for publication and research purpose (22). The study was approved by the Chinese University of Hong Kong – New Territories East Cluster Clinical Research Ethics Committee.




2.4 Statistical analysis

We analysed patients enrolled in the HKDR who had completed both PHQ9 and EQ-5D-3L questionnaires since 13th March 2013 as part of a continuous quality improvement program. We censored these patients on the first CVD, CKD, death event or 31st December 2019, whichever came first. Longitudinal data on patient clinical outcomes were extracted from electronic patient medical records.

Continuous variables were expressed as mean ± standard deviation (SD), or median (inter-quartile range, IQR), and categorical variables, number (percentage). Between-group comparisons were analyzed by Chi-square test for categorical data, Wilcoxon two-sample test for continuous variables and Mann-Witney test for skewed data. Statistical analysis was performed using Statistical Package for Social Science (version 27.0). We compared the frequency of depression in patients with CVD (n=1436) or CKD (n=1181) at baseline. In the remaining patients with complete data (n=4429) for analysis, we used Kaplan–Meier estimator to demonstrate the survival probabilities of incident CVD and CKD and all-cause mortality in both depressed and non-depressed groups. Cox proportional hazards regression model was constructed to obtain hazard ratios (HRs, 95% confidence intervals [CI]) for: 1) all-cause mortality, 2) any incident CVD (stroke, PVD IHD), 3) IHD only, and 4) CKD, fitted to four models. Model 1 included age, gender, education, occupation, smoking status, duration of diabetes, body mass index (BMI), systolic and diastolic blood pressure, HbA1c and lipid profiles (LDL-C, HDL-C, triglycerides). Model 2 included variables in Model 1 plus Ln (urine ACR+1), eGFR, use of lipid-lowering drugs, angiotensin converting enzyme inhibitors (ACEI) or angiotensin II receptor blockers (ARB), other anti-hypertensive drugs and anti-diabetic drugs. Model 3 included variables in Model 2 plus frequency of self-reported adherence to balanced diet (never/no/occasional/yes), vigorous exercise corresponding to brisk walking > 30 minutes (no regular physical activity/1-3 times per week/3-4 times per week/5 times per week/>5 times per week), SMBG (yes/no), medication adherence level (1-100%) in the past 3 months and whether they had regular follow-up visits in past year. Model 4 included variables in Model 3 plus mean scores of EQ-5D-3L domains (excluding anxiety/depression) to adjust for baseline HRQoL. For CKD outcome, models 1 to 4 excluded Ln (urine ACR+1) and eGFR. In sensitivity analysis, we compared HRs of PHQ-2 versus PHQ-9 as well as independent risk associations of each item of PHQ-9 with clinical outcomes.

To examine the association between each individual item in the PHQ-9 questionnaire and all-cause mortality, all-CVD outcomes (including IHD, PVD and stroke), and CKD, hazard ratios were calculated and adjusted for all covariates in model 4. All regressions on each PHQ-9 item were adjusted for other PHQ-9 items.

In sensitivity analysis, we compared HRs of PHQ-2 versus PHQ-9 as well as independent risk associations of each item of PHQ-9 with clinical outcomes. This study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline (23).





3 Results



3.1 Baseline characteristics

Supplementary Figure 1 shows the flow chart of patient recruitment. Amongst 6818 Chinese patients with T2D enrolled in the HKDR with both PHQ-9 and EQ-5D-3L-5D data, 1436 patients had prior CVD (21%) and 1181 (17%) had CKD. In these patients with prior events, the prevalence of depression was 15.4% (15.6% for CVD and 17.0% for CKD). After excluding these patients with prior events, in the prospective cohort (n=4525), 537 patients (11.9%) had depressive symptoms based on PHQ-9≥7. Patients with depression were more likely to be women, younger, unemployed and had lower education attainment than the non-depressed group. They were less likely to perform regular exercise and more likely to forget or self-adjust medications. Patients with depression had higher serum triglyceride, HbA1c, ACR and eGFR, and were more likely to be treated with insulin. Overall, 5.33% of patients reported at least some problems in mobility, 1.46% for self-care, 4.66% for usual activities, 35.6% for pain/discomfort and 19.1% for anxiety/depression. The depressed group had more severe problems in all EQ-5D-3L domains (Table 1). For PHQ-9 items, 10% of patients reported somatic symptoms (Q3-5) for at least 7 days during the last 14 days, as compared to 5% for anhedonia (Q1), 3% for negative moods (Q2) and 3% for non-somatic (Q6-9) complaints (Supplementary Table 2). The majority of patients with T2D and co-morbid depression rated experiencing sleeping problems in Q3 (n= 330, 61.4%) and tired and lack of energy in Q4 (n = 299, 55.7%) on somatic complaints in more than half the days in the past 2 weeks.


Table 1 | Baseline clinical profiles, patient reported outcomes and clinical events in Chinese patients with type 2 diabetes in the Hong Kong Diabetes Register (2013-2019) stratified by depression defined as PHQ-9 score ≥7.



During a median follow-up period of 5.6 (IQR: 4.4-6.2) years, 141 patients (3.1%) died, 533 (11.8%) developed CKD and 164 (3.6%) developed CVD. In the latter group, 95 (57.9%) had IHD, 75 (45.7%) had other cardiovascular events (stroke: n=67, PVD: n= 8). The depressed group had a higher cumulative incidence of any CVD [5.8% versus 3.3%, p=0.005], IHD [3.7% versus 1.9%, p=0.005], all-cause mortality [4.8% versus 2.9% p=0.014] and CKD [13.8% versus 11.5%, p=0.125] than non-depressed group (Figure 1).




Figure 1 | Cumulative incidence of (A) cardiovascular disease, (B) chronic kidney disease and (C) all-cause mortality derived from Kaplan-Meier analysis in Chinese patients with type 2 diabetes with or without depression defined by PHQ-9 score ≥ 7. The red solid line denotes patients with depression and the blue dotted line denotes patients without depression.






3.2 PHQ-9 items and clinical outcomes

Depression was significantly associated with increased CVD and IHD, where HR remained consistent in all 4 models after adjustment for demographics and clinical characteristics (model 1 – CVD: 1.97; 95%CI: 1.32–2.96, IHD: 2.41; 95%CI: 1.44-4.04), renal function (model 2– CVD: 1.86; 95%CI:1.24–2.80, IHD: 2.37; 95%CI: 1.41-3.99), medication use (model 3– CVD: 2.04; 95%CI: 1.32–3.16, IHD: 2.83; 95%CI: 1.62-4.94), and self-care (model 4– CVD: 1.99; 95%CI:1.25–3.18, IHD: 2.29; 95%CI: 1.25-4.21). Depression was associated with all-cause mortality in models 1-3 (model 1- 1.97; 95%CI: 1.27-3.06, model 2- 1.94; 95%CI: 1.24-3.03, model 3- 1.77; 95%CI: 1.09-2.88) but was rendered non-significant after adjusting for HRQoL (model 4- 1.54; 95%CI: 0.91-2.60), though HR still indicated same direction with important magnitude (Table 2).


Table 2 | Incidence and hazard ratios (95% confidence interval) of depression defined by PHQ-9 score ≥7 for clinical outcomes in Chinese patients with type 2 diabetes.



Detailed results of models 1 to 4 for all clinical outcomes (CVD, CKD, IHD and all-cause mortality) are shown in Supplementary Tables 3–6. In the final models, smoking, high HbA1c and lipid values were consistently associated with these adverse outcomes with physical activity and non-use of insulin associated with better outcomes. Although CKD was not associated with depression, patients who reported having regular exercise (3-4 times per week) had reduced risk of CKD (HR: 0.61, 95%CI: 0.41–0.89) (model 4). In the sensitivity analysis, HR of depression with all clinical outcomes were comparable using PHQ-2 (≥3) or PHQ-9 (≥7) scores to define depression (Supplementary Tables 7-10).

Amongst the nine items of PHQ-9 questionnaire, only Q4 (feeling tired or having little energy) was associated with all-cause mortality (HR:1.66, 95%CI: 1.30–2.12) after adjustment for covariates (Table 3).


Table 3 | Hazard ratios (95% confidence interval) of questions from PHQ-9 for clinical outcomes in Chinese patients with type 2 diabetes.







4 Discussion

Despite the growing burden of depression and T2D, their inter-relationships with PRO such as HRQoL and health behaviors on clinical outcomes had not been fully explored. In this ongoing clinic-based diabetes register set up for quality improvement purpose, 1 in 5 Chinese patients with T2D had either CVD or CKD at enrolment. Amongst these patients, 15% had depressive symptoms highlighting the importance of including PRO in patients with diabetes at high risk of multiple morbidities. In the remaining patients without complications, 11.9% had depression who were more likely to be women, had younger age and treated with insulin. They also had suboptimal control of risk factors, health behaviors and treatment adherence and worse HRQoL than those without depression.

Our results align with that reported in the UK and US diabetes population (24), which suggest a higher prevalence of depression among younger patients diagnosed with diabetes, particularly those with young-onset diabetes, compared to those with late-onset diabetes. Younger individuals with diabetes may face unique challenges and psychosocial burdens that contribute to a higher risk of depression in these regions. In contrast, depression prevalence increased with age in a study conducted in South India (25). This discrepancy could be attributed to region-specific trends and characteristics. In a separate study investigating age- and sex-specific hospital bed-day rates in a territory-wide cohort, we observed bimodal distribution associated with type 2 diabetes but not in those without. While the overall rate of hospital bed-days increased with age, among individuals diagnosed with T2D before the age of 40, 38.4% of hospital bed-days were attributed to mental health disorders (26). This highlights the severity of the issue and underscores the need for more comprehensive screening, interventions, and support services targeting mental health problems in young individuals with diabetes.

After 6 years of observations, patients with depression were 2 times more likely to develop CVD, mainly due to IHD, and all-cause death. These risk associations remained significant after adjusting for demographic and cardiometabolic risk factors, medications, self-care and HRQoL, albeit with some attenuation after adjusting for HRQoL. Exploratory analysis suggested that good self-care was associated with reduced risk of CKD. For the first time, we found that a single item Q4 (tiredness, low energy) in PHQ-9 was independently associated with all-cause mortality, suggesting that patients with failure to concentrate, excessive tiredness, motor retardation or restlessness required further evaluation of psychosocial-behavioural health. In support of professional practice guidelines (13), our results confirmed the importance of collecting PROs such as PHQ-9, EQ-5D-3L and psychosocial-behavioral factors for prognostication and providing holistic care to improve outcomes (1).



4.1 Associations of depression with CVD and all-cause mortality adjusting for HRQoL

In this study, young patients and women had higher prevalence of depression than their counterparts. Given the close associations between depression and clinical outcomes, our observations accorded with the higher incidence of all-cause and cardiovascular events in Asian women than men with diabetes (27). In agreement with other researchers, we also found that depression was associated with smoking, hypertension, poor metabolic control, albuminuria (28), suboptimal self-care (29) and drug non-adherence (30) which contributed to increased risk for CVD. In other studies, adherence to diet and exercise, SMBG (31) and foot care (32) were associated with reduced morbidity and mortality in patients with T2D. The introduction of risk assessment and education program at PWH had closed some care gaps as evidenced by similar use of ACEi/ARB and statin as well as similar frequency of SMBG between the depressed and non-depressed groups. However, depressed patients remained more likely to be treated with insulin, had higher HbA1c, worse lipid profiles, heavier albuminuria and reported poorer drug adherence and physical inactivity than the non-depressed group calling for more personalized treatment in these patients.

Compared with the non-depressed group, patients with depression were less likely to have balanced diet by 2.6% and regular exercise by 12.6%. In line with reports from European patients (33), after adjusting for these confounders including socioeconomic status represented by level of education and occupation, depression was associated with 2 times increased risk of CVD, notably IHD. These findings concurred with our previous report of 2 times increased risk of CVD in Chinese patients with T2D diagnosed with depression who received specialist care (12). In the current cohort, associations of depression based on PHQ-9 and CVD was attenuated after adjusting for HRQoL, albeit remained significant. Depression was also associated with 2 times increased risk of all-cause death, which was rendered non-significant after HRQoL adjustment.

On the other hand, we did not find an association between depression and CKD in both unadjusted and adjusted models. In another Chinese cohort, 37.8% had depression which was associated with CKD stages in a graded manner (34). Chinese adults with normal kidney function and severe depressive symptoms had 39% higher risk of rapid decline in kidney function than those without depression (35). Using PHQ-9≥10 to define depression, other researchers had reported an adjusted odds ratio of 1.36 (95% CI: 1.04-1.77) for microalbuminuria in patients with T2D (36). In this study, we excluded patients with CKD (eGFR<60 ml/min/1.73m2) at baseline, 17% of whom had depression. In the remaining patients without or with early CKD, longer follow-up will be needed to evaluate its association with depression and deterioration of renal function.

The magnitude of association between depression, CVD, IHD and all-cause mortality is consistent even after accounting for the influence of HRQoL and PROs, suggests that this relationship holds true across diverse patient populations with diabetes, regardless of their quality of life, lifestyle and self-management practices. These findings highlight the potential impact of mental health conditions on the development of cardiovascular complications in all patients with diabetes, denoting the importance to develop evidence-based policies and prevention interventions that address not only the acute health conditions of patients with diabetes, but also provide comprehensive support for their psychiatric well-being.

The complex nature of diabetes is evident, as studies have demonstrated strong intercorrelations and impacts among its physical, and psychosocial components (37, 38). This complements our previous study results which modelled that individuals diagnosed with T2D before the age of 40 may accrue an average of 100 inpatient bed days when they reach 75 years old, with approximately one-third of hospitalizations attributed to mental illness (39). Considering the 2023 pricing of public hospital psychiatric bed day cost at $300 USD in Hong Kong (40), and extrapolating the modelled results to the territory-wide cohort of 21,000 patients diagnosed with diabetes before the age of 40 (39), it is projected that an estimated total of $210 million USD may be spent on long-term mental illness-related hospitalizations in patients YOD over the next 35 years in Hong Kong. It is important to note that this estimation excludes potential costs associated with comorbid depression, such as cardiovascular disease (CVD) and mortality, in patients with diabetes. Another study conducted in Singapore identified one of the highest healthcare utilization clusters was characterized by a high prevalence of depression in women under the age of 65 with short-to-moderate disease duration (41). These findings emphasize the need for a holistic approach to diabetes management that takes into account the multifaceted aspects of the disease.




4.2 Association of PHQ-9 Q4 (lack of energy) with all-cause mortality in patients with T2D

In this cohort, 11.9% of patients had depressive symptoms and the majority had not been diagnosed. Depressive symptomatology can be heterogeneous with diverse cultural norms, perceptions and interpretations. International practice guidelines suggested screening for depression in patients with diabetes, especially in those with poor glycaemic control (13). However, in busy clinic settings, routine administration of PHQ-9 could be challenging, calling for a simple but robust screening tool to identify patients with comorbid T2D and depression.

In Hong Kong, we reported higher discriminatory power with PHQ-9 than Center for Epidemiological Studies Depression (CES-D) scale for depression screening (19). The latter puts more emphasis on the affective component of depression. The optimal cutoff value to detect depressive symptoms varied between populations and settings. For example, the optimal cut-off score for PHQ-9 in outpatient population with diabetes was 9 in Malawi (sensitivity: 64%, specificity: 94%) (42), 12 in Netherlands (sensitivity: 75.7%, specificity: 80.0%) (43) and 7 in Poland (sensitivity 90.62%; specificity 90.22%) (44). Before we introduced PHQ9 in our routine service, 99 randomly selected patients enrolled in the register were interviewed by psychiatrists using the Mini International Neuropsychiatric Interview as the golden standard (19). Utilizing receiver operating characteristic (ROC) analysis, the area under the curve (AUC) was 0.85(95%CI:0.76–0.94) with a cutoff score of ≥7 yielding an optimal balance between sensitivity (82.6%) and specificity (73.7%). By contrast the widely accepted score of 10 had comparable specificity (84.2%) but poor sensitivity (56.5%). When the categorical algorithm was used to define major depressive disorder based on 1) 5 of 9 items including item 1 (anhedonia) or 2 (depressed mood) being endorsed as “more than half the days” or “nearly every day” or 2) Item 9 (suicidal ideation) regardless of duration, the sensitivity was 39.1% and specificity, 96.1% (19).

In this study, Chinese patients with T2D were more likely to report somatic symptoms with Q4 in PHQ-9 (feeling tired or having little energy) being independently associated with 57% increased risk of all-cause mortality. Other researchers had reported a correlation coefficient of 0.50 between Q4 and four items in Fatigue Questionnaire (45). Patients with diabetes who reported fatigue were 10.37 times more likely to have depression than those without symptoms of fatigue (46, 47). The robust associations of all-cause mortality with Q4 of PHQ-9, at least in Chinese patients with T2D, called for routine enquiry of physical activity and energy level to identify patients at risk of depression. Apart from using the overall PHQ-9 score to screen for depression, a high score for Q4 should alert healthcare providers to conduct comprehensive assessment of mental health for psychosocial interventions.

In a recent network analysis study conducted in Canada, involving 1,796 middle-aged patients with diabetes (48), findings indicate that early targeted intervention on behavioral activation and cognitive restructuring that address “failure” (item 6 in PHQ-9),”uncontrollable worry, “excessive worrying” and “difficulty relaxing” [item 2-4 in Diabetes Distress Scale (DSS-17)] may potentially prevent the development of future comorbid mental conditions in individuals with type 2 diabetes (48). In our current study, we reported that the majority of our patients with T2D and comorbid depression (PHQ-9 ≥7) scored high on somatic problems such as “sleeping difficulties” (item 3) and “lack of energy” (item 4) in PHQ-9. The inclusion of network analysis in future investigations on depression in Chinese patients with diabetes holds significant potential to contribute valuable insights into the complex dynamics and interactions among symptoms and domains of depression. This approach has the capacity to enhance our ability to precisely identify and characterize different subtypes of depression in this population for designing effective targeted interventions.




4.3 Study implications

The myriad of complications associated with diabetes, use of long-term medication, necessity for regular follow-up visits, and demand for lifestyle changes may adversely impact an individual’s lifestyles, perspectives and emotions. These factors can be modified by sociodemographic factors such as education, poverty and personal relationships in family or work. All these dimensions can interact in a complex manner to influence quality of life which in turn can feed back on these psychosocial-behavioral dimensions. Apart from influencing self-care, these perceptions and emotions may be associated with biological changes (8). There are now growing interests on the associations of gene-environment interactions with depression and health behaviors in diabetes with inconclusive results (49). In a recent Chinese study, dietary intake, alcohol drinking and smoking, physical activity, and socioeconomic status were reported to interact with genetic variants to modulate the risks of impaired fasting glucose and impaired glucose tolerance (50). In this light, despite the many technological advances in the field of diabetes, such as medications and monitoring tools, there remain considerable care gaps with high complications rates calling for better understanding of genetic factors and PROs and clinical outcomes to improve physical, mental and behavioral health (1, 51).

Dysregulation of neurohormonal and immune systems may underlie the clustering of subphenotypes including cardiovascular-renal complications (52). In randomized controlled trials, multicomponent care including use of medications and anti-depressants, lifestyle modification and psychosocial support improved depression, PRO and cardiometabolic risk factors in patients with T2D and depression (53). In a secondary analysis of the Look Ahead Study, obese patients with T2D receiving intensive lifestyle intervention had reduced incidence of depression and CKD than the control group (54, 55). Our group also reported benefits of peer support using telephone counselling in reducing hospitalizations in patients with T2D especially in those with negative emotions (56). Other community- and family-based interventions including use of lifestyle intervention and digital technologies also improved QoL in patients with diabetes (57). Taken together, there is a need to integrate PHQ-9 questionnaire into routine diabetes screening and assessment to detect these high risk individuals early for personalized care in order to improve their physical, social and mental health.





5 Strengths and limitations

The comprehensiveness of data collection including biomedical-psychosocial-behavioural factors, HRQoL and clinical outcomes is a major strength of the study, albeit not without limitations. Our cohort was recruited in an ambulatory clinic setting catering patients with more complex and specialized healthcare needs, thus may restrict the broader applicability of our findings to a primary care context. Furthermore, in this quality improvement program, patients with PHQ-9 score >10 were referred to an on-call endocrinologist and psychiatrist while patients with score of 9-10 received counselling from trained nurses. The absence of a comprehensive psychiatric evaluation for all patients may limit our ability to accurately determine the true prevalence of depression in this population. Health behaviors such as adherence to medication, diet and physical activity in last 3 months were subject to recall bias. Despite their frequent coexistence, diabetes and depression can independently have negative impacts on clinical outcomes. In this diabetes register, we did not have patients without T2D and could not test the mediation effects of depression-alone, T2D-alone and co-morbid depression and T2D on clinical outcomes compared to those with neither condition.

It is important to note that our study is designed to demonstrate the risk associations between clinical outcomes and baseline depression and PROs. Therefore, conclusions cannot be drawn regarding the temporal changes of depression and PROs over time. Furthermore, we acknowledge that as many as 64% of patients with depression might have comorbid mental disorders (58) which could confound our results. However, due to the pragmatic nature of the register, we did not capture full details of other mental illness in these patients. In this context, randomized controlled trials had confirmed the benefits of multidisciplinary care on physical and mental health in patients with T2D and depression (53), in support of identifying these patients early for intervention. The attenuation of risk association between depression and clinical outcomes by HRQoL suggested that other social, environmental and behavioral factors might be important which calls for more systemic data collection to inform interventions beyond healthcare. To unravel these complex inter-relationships, advanced methodology such as structural equation modelling will be needed to quantify the causal effects of these factors to inform practice and policies (59).




6 Conclusions

In conclusion, the association between depression, CVD and IHD remains significant across all patients with diabetes, regardless of their HRQoL and health behaviours. Despite the association between depression and all-cause mortality being attenuated after adjusting for HRQoL, the effect size and direction of association remained substantial. Our findings highlight the importance of holistic diabetes management with comprehensive support for mental well-being. Given the complex nature of diabetes, including PROs such as PHQ-9, EQ-5D-3L and health behaviors can further increase the value of a regular structured assessment program for identifying high risk patients for holistic management. In Chinese patients with T2D and depression, somatic complaints were common with lack of energy captured by item 4 in PHQ-9 being independently associated with all-cause mortality. In busy clinic settings, patients who reported physical inactivity or low energy level warrant further evaluation of emotional health for early intervention.
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Background

Non-alcoholic fatty liver disease (NAFLD) is a common chronic liver disease, affecting 25-30% of the general population globally. The condition is even more prevalent in individuals with obesity and is frequently linked to the metabolic syndrome. Given the known associations between the metabolic syndrome and common mental health issues, it is likely that such a relationship also exists between NAFLD and mental health problems. However, studies in this field remain limited. Accordingly, the aim of this systematic review and meta-analysis was to explore the prevalence of one or more common mental health conditions (i.e., depression, anxiety, and/or stress) in adults with NAFLD.





Methods

PubMed, EBSCOhost, ProQuest, Ovid, Web of Science, and Scopus were searched in order to identify studies reporting the prevalence of depression, anxiety, and/or stress among adults with NAFLD. A random-effects model was utilized to calculate the pooled prevalence and confidence intervals for depression, anxiety and stress.





Results

In total, 31 studies were eligible for inclusion, involving 2,126,593 adults with NAFLD. Meta-analyses yielded a pooled prevalence of 26.3% (95% CI: 19.2 to 34) for depression, 37.2% (95% CI: 21.6 to 54.3%) for anxiety, and 51.4% (95% CI: 5.5 to 95.8%) for stress among adults with NAFLD.





Conclusion

The present findings suggest a high prevalence of mental health morbidity among adults with NAFLD. Given the related public health impact, this finding should prompt further research to investigate such associations and elucidate potential associations between NAFLD and mental health morbidity, exploring potential shared underlying pathophysiologic mechanisms.





Systematic review registration

https://www.crd.york.ac.uk/prospero/, identifier CRD42021288934.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) develops as a result of excess accumulation of fat in hepatocytes, which is unrelated to excess alcohol intake, and extends from simple steatosis to non-alcoholic steatohepatitis (NASH) with or without fibrosis that may lead to liver failure and even hepatocellular carcinoma (1–3). NAFLD currently constitutes the most prevalent chronic liver disease worldwide with prevalence rates of up to 25-30% among the general adult population (1–3). Furthermore, NAFLD is frequently linked to the metabolic syndrome which represents a cluster of interrelated cardio-metabolic conditions associated with central obesity, and obesity-related insulin resistance [i.e., type 2 diabetes mellitus (T2DM), hypertension and dyslipidemia] (4). Indeed, it is reported that approximately 85% of individuals with NAFLD exhibit at least one element of the metabolic syndrome (5), with the prevalence of NAFLD among individuals with obesity reaching 70-90% (2, 3, 6). In addition, it is reported that future generations are at risk of a ‘second wave’ of metabolic liver disease, in the form of NAFLD, owing to potential early-onset as an impact of weight issues during childhood (7).

Owing to these associations with obesity and the metabolic syndrome, NAFLD is often referred to as the hepatic manifestation of metabolic syndrome (8–11). Of note, to highlight these links and to more accurately describe the pathophysiology of NAFLD, renaming this condition to metabolic dysfunction-associated fatty liver disease (MAFLD) or metabolic dysfunction-associated steatotic liver disease (MASLD) has been recently proposed (12, 13). Indeed, as reported by the European Association for the Study of the Liver (14), the term ‘MASLD’ is reflective of patients with hepatic steatosis who experience more than one of five cardiometabolic risk factors, and thus is considered to be less stigmatizing and a preferred nomenclature as opposed to the term ‘NAFLD’. Taking into account these newer proposed terms for NAFLD, it is noteworthy that, in addition to introducing the new nomenclatures of MAFLD and MASLD in the scientific literature, the definitions of these nosologies are also redefined based on specific diagnostic criteria for each term (15–18). As such, whereas the diagnosis of NAFLD requires the exclusion of alternative etiologies of steatosis/steatohepatitis (e.g., alcoholic or viral hepatitis), the diagnosis of both MAFLD and MASLD acknowledges that in such patients a combination of dysmetabolic and other (e.g. alcohol-related) pathophysiologic components may contribute to the underlying hepatic nosology (15–18). Accordingly, these conditions are diagnosed based primarily on the presence of metabolic dysfunction rather than on the exclusion of other causes of steatosis/steatohepatitis. Thus, MAFLD is defined as steatosis which is detected - either by imaging or blood biomarkers/scores or histology - in the presence of at least either obesity, and/or T2DM, or at least two out of seven predefined dysmetabolic risk abnormalities (relating to waist circumference, blood pressure, plasma triglycerides, plasma HDL-cholesterol, plasma high-sensitivity C-reactive protein, prediabetes, and the homeostatic model assessment for insulin resistance score) in those adults who are lean (normal weight by ethnic-specific BMI criteria) and do not have T2DM (15, 16, 18). Similarly, MASLD is defined as the presence of steatotic liver disease combined with at least one of five predefined cardio-metabolic criteria relating to BMI, fasting plasma glucose levels, blood pressure, plasma triglycerides, and plasma HDL-cholesterol (17). From these definitions, it is evident that, despite the significant overlap (>95% of adult patients previously diagnosed as having NAFLD also fulfil the MASLD diagnostic criteria) (19), the terms NAFLD, MAFLD and MASLD cannot always be applied interchangeably, whilst there are also concerns regarding whether the clinical evidence accumulated for NAFLD can be directly extrapolated to MAFLD and MASLD (20). Indeed, following the introduction of the term MASLD, researchers have called for more flexible editorial conduct regarding the proposed MASLD nomenclature, since these three nosologies/terms are defined differently and, thus, accurate distinction between NAFLD, MAFLD, and MASLD is important for the accuracy of the relevant scientific literature (20). To address issues relating to the different definitions of NAFLD, MAFLD and MASLD, in the present systematic review the NAFLD terminology has been retained since the accumulated evidence of interest has been primarily accumulated under the NAFLD nomenclature/definition.

NAFLD often remains asymptomatic for a lengthy duration, hence representing a ‘silent epidemic’ (21). However, NAFLD constitutes a significant risk factor for cardiovascular disease (CVD), which is reported as the most common cause of mortality in this patient population (21, 22). In parallel to the data highlighting NAFLD as an evolving epidemic, growing evidence also suggests direct associations between common mental health issues, such as depression, anxiety and chronic stress, and the metabolic syndrome (23, 24). Based on the strong overlap between NAFLD and the metabolic syndrome, it seems likely that such associations may also be observed in individuals with NAFLD, potentially with shared underlying mechanisms that create a feed-forward vicious cycle between NAFLD and such mental health morbidity (12). However, further research is required to fully clarify the complete spectrum of such potential associations. Furthermore, it is plausible that certain features associated with NAFLD, such as lack of awareness regarding the condition, fatigue, and perceived stigma (13, 25–27), may result in feelings of isolation and loneliness (28), which, in turn, may have a further impact on mental health and have been reported to be associated with cardio-metabolic disorders linked to NAFLD, including obesity, T2DM, metabolic syndrome, and CVD (29, 30).

In this context, research addressing potential mental health issues in individuals with NAFLD warrants attention. However, despite previous systematic reviews which have investigated links between psychological health and NAFLD and associations with depression (31–33), such issues remain relatively under-recognized in clinical practice. Indeed, a systematic review by Macavie et al. (32) draws attention to depression and anxiety as the most relevant emotional factors among individuals with NAFLD/NASH, suggesting that such conditions may be regarded as cognitive-behavioral in nature with lifestyle modification representing the most effective management (32). Furthermore, additional systematic reviews - albeit with a low number (up to ten) of included eligible studies (31, 33) - have demonstrated an association between NAFLD and depression.

Given the limited but growing data in this field, the present systematic review and meta-analysis aimed to explore the prevalence of one or more common mental health conditions of interest (i.e., depression, and/or anxiety, and/or stress) in adults with NAFLD, and to identify relevant gaps and weaknesses within the existing literature.





Methodology




Search strategy and study selection

This systematic review was prepared in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Guidelines (34), and was registered with the International Prospective Register of Systematic Reviews (PROSPERO Reference Number: CRD42021288934).

Inclusion criteria were any study (observational or interventional) published as a scientific paper reporting the prevalence of at least one of the three mental health conditions of interest (i.e., depression, anxiety, or chronic psychological stress) in adults (male and female) aged over 18 years with a diagnosis of NAFLD.

A search was conducted in relation to NAFLD and mental health utilizing the PubMed, EBSCOhost, ProQuest, Ovid, Web of Science, and Scopus databases. The search terms applied for the PubMed database included the following: ((metabolic associated fatty liver disease[Title/Abstract] OR MAFLD OR metabolic dysfunction associated fatty liver disease[Title/Abstract] OR NAFLD[MeSH Terms] OR NAFLD OR non-alcoholic fatty liver disease[Title/Abstract] OR non-alcoholic steatohepatitis[Title/Abstract] OR NASH)) AND ((mental health[MeSH Terms] OR mental health[Title/Abstract] OR “mental health” OR “mental well-being” OR “mental wellbeing” OR depression[MeSH Terms] OR depression[Title/Abstract] OR major depressive disorder[MeSH Terms] or major depressive disorder[Title/Abstract] OR major depression[Title/Abstract] OR MDD OR anxiety[MeSH Terms] OR anxiety[Title/Abstract] OR generalized anxiety disorder[MeSH Terms] OR generalized anxiety disorder[Title/Abstract] OR generalized anxiety disorder[Title/Abstract] OR stress, psychologic[MeSH Terms] OR disorder, mood[MeSH Terms] OR distress[Title/Abstract])). This search string was applied and adapted to the syntax of all of the utilized databases (Supplementary Table 1).

The searches were conducted by LL and the results of the searches were imported into Covidence systematic review software V2.0 (Veritas Health Innovation, Melbourne, Australia). Following removal of duplicates, title and abstract screening was completed by SS, LL and CK. No publication date restriction was adopted for the timeframe of the search strategy (no publication date restriction up to 2022). Full-text screening was performed by SS and LL, with any disputes being resolved by the inclusion of a third reviewer (CK).





Data extraction and quality assessment

Data (including country, year, study design, number of participants, mental health measures, NAFLD diagnosis, gender, and age) were independently extracted by two reviewers (SS, LL), with the outcome of interest being the prevalence of depression, anxiety, and/or stress. Any disagreements or possible input errors were checked and resolved via discussion between the two reviewers.

Risk of bias assessment was performed by SS and LL using the Covidence systematic review software V2.0 which utilizes a standard template based on the Cochrane Risk of Bias version 1 tool. The assessment criteria were amended within Covidence to reflect risk of bias assessment for non-randomized studies (RoBaNS) (35). Any disputes were settled by a third reviewer (CK). The categories assessed were selection of participants, confounding variables, exposure measurements, selective outcome reporting, incomplete outcome data, and other sources of bias. Author judgement for risk of bias was rated as high, low, or unclear for each category (Supplementary Figure 1).





Statistical analysis

The Freeman-Tukey variant of the arcsine square root transformation was applied in order to normalize the raw prevalence estimates obtained from each included study; an approach commonly used for the pooling of proportions (36). For the performed meta-analyses, the DerSimonian-Laird random-effects model was utilized; a methodology frequently adopted in anticipation of discrepancies in population demographics, research techniques, and study environments (37). The heterogeneity amongst studies was evaluated by examining the forest plots, and by applying the chi-squared test for heterogeneity, setting a statistical significance level of P ≤ 0.10, as well as the use of the I2 statistic, with a 50% value indicative of moderate heterogeneity (38), and a 75-100% value representing considerable heterogeneity (39).

Subsequent to the primary analyses, additional subgroup analyses were also conducted, differentiated by the types of validated instruments used to deduce prevalence estimates. The potential for reporting bias was examined using a funnel plot, a graphical tool typically used to assess the presence of publication bias in systematic reviews (40). The robustness of the meta-analysis results were evaluated using a leave-one-study-out sensitivity analysis (41). In addition, to assess the influence of individual studies on the overall meta-analysis results and their contribution to heterogeneity, we utilized Baujat plots. This graphical tool plots the contribution of each study to the overall heterogeneity against its influence on the overall result (42).






Results

A total of 1470 studies were identified from the performed database searches and were then imported to Covidence where 81 duplicates were removed, thus resulting in 1389 studies for title and abstract screening. Following title and abstract screening, 1305 studies were considered irrelevant, leading to an initial total of 84 studies going forward for full text review. During full text review, 53 studies were excluded with reasons (Figure 1), resulting in a total of 31 studies eligible for inclusion.




Figure 1 | PRISMA flow chart for the present systematic review.



For the 31 studies included in this systematic review, NAFLD was defined by various means including liver biopsy, ultrasonography/evidence of ultrasound, hepatic steatosis index, pathology and/or radiologic testing, computed tomography, magnetic resonance imaging, and self-reported physician diagnosis (Table 1). From the 31 included studies, 18 studies (58%) measured only depression (44, 49–53, 57, 58, 61–70), one study measured only anxiety (55), 10 studies (32%) measured depression and anxiety (43, 45–48, 56, 60, 71–73), one study measured only stress (54), and one study measured stress and anxiety (59). In these studies, the mental health conditions of interest were identified by validated measures (including DSM-IV and ICD-10) in 17 studies (44, 46, 48, 49, 53, 54, 56–59, 63, 65–68, 70, 73), self-reported in six studies (43, 47, 55, 61, 62, 69), or identified by other diagnosis (e.g., medical history) in eight studies (45, 50–52, 60, 64, 71, 72). Characteristics of the included studies are presented in Table 1.


Table 1 | Study characteristics of the 31 eligible studies on non-alcoholic fatty liver disease (NAFLD) and coexisting depression, anxiety and/or stress in adults which are included in the present systematic review.






Assessment of risk of bias

Judgements regarding risk of bias are presented in Figure 2, whilst further information is available in Supplementary Figure 1.




Figure 2 | Risk of bias assessment of the included studies.



Selection bias was identified in 13 studies (42%). The main support for judgement was that for these studies, patients had been recruited from a single center and therefore findings may not be representative of the general patient population with NAFLD. Selection bias was judged to be low for nine studies (29%) and unclear for nine studies (29%). For confounding factors, 19 studies (61%) were judged to have a low risk of bias, since these had been controlled for within analyses. The remaining studies were judged as having an unclear risk for 11 studies (35.4%) and high risk for one study (3.2%). Risk of bias was judged as low for intervention (exposure) measurement for 24 (77.4%) studies, with the remaining seven studies (22.5%) judged as unclear owing to the use of self-report measures. Low risk of bias was also reported for incomplete outcome data in 30 (96.7%) studies, with one study identified as unclear. Selective outcome reporting was judged as being low risk of bias for all included studies. When other sources of bias were assessed, 22 studies were judged as low risk (70%), five studies (16.1%) were judged as unclear, whilst four (12.9%) studies were rated as having a high risk of bias.





Depression

In total, 28 of the included studies measured depression, with the total number of participants amounting to 2,079,270. Validated instruments were used to measure depression in 15 studies (44, 46, 49, 53, 56–59, 63, 65–68, 70, 73), while self-report and other diagnosis (e.g., medical history) were used in five (43, 47, 61, 62, 69) and eight studies (45, 50–52, 60, 64, 71, 72), respectively. Of these studies, 11 were from the USA (47, 48, 51, 58, 60, 63, 69–73), resulting in a total of 1,989,154 participants from this geographical region. However, the majority of USA participants were recruited for one particular study involving 1,980,950 individuals (63).

It should be noted that one study (44) had utilized both the Beck Depression Inventory (BDI) and the Hospital Anxiety and Depression Scale (HADS) to measure depression, but we included only the data from the BDI within the primary analysis for pooled prevalence of depression, as this had gleaned a higher prevalence when the authors reported mild depression in addition to moderate to severe. When the data were analyzed by sub-groups, on the basis of individual validated measures, both the BDI and HADS were included.

The pooled prevalence of depression for all studies yielded an estimate of 26.3% (95% CI: 19.2 to 34%) (Figure 3). The I2 statistic was 100%, indicating a considerable degree of heterogeneity among the studies. The funnel plot for examination of publication bias is shown in Supplementary Figure 2. We found evidence of publication bias as indicated by the asymmetrical funnel plot of studies’ precision against prevalence estimates (in logarithmic scale). However, the results of leave-one-study-out sensitivity analyses showed that no study had undue influence on the pooled depression prevalence as presented in Supplementary Figure 3A. The Baujat plot highlighted the study by Sayiner et al. (63) as a significant contributor to the overall heterogeneity and influence on the meta-analysis results (Supplementary Figure 3B). The large sample size of this study (63) in relation to the total combined sample size of all studies contributes significantly to the heterogeneity (I² = 100%) of the meta-analysis. Another study by Fillipovic et al. (49) appears to have a minimal influence on the overall meta-analysis result when compared to its contribution to heterogeneity. This suggests that while the study adds to the variability within the meta-analysis, its effect size or weight does not substantially alter the combined effect estimate of depression prevalence.




Figure 3 | Pooled prevalence of depression, split into subgroups by method of diagnosis, i.e. validated measures (including DSM-IV and ICD-10), self-report, and other diagnosis (e.g. medical history).



As presented in Figure 3, the pooled estimate tended to be higher among studies that used self-reported tools (36.0%, 95% CI: 27.8 to 44.5%), followed by studies that used validated measures (24.8%, 95% CI: 13.7 to 37.8%), and studies that used other diagnosis such as medical history (24%, 95% CI: 14.3 to 35.3%).

Figure 4 presents the results of the meta-analysis stratified by validated tools/measures. The pooled prevalence estimate was highest among studies that used the Hospital Anxiety and Depression Scale (HADS), followed by the Beck Depression Inventory (BDI), the Centre for Epidemiological Studies-Depression (CES-D) scale, and the Patient Health Questionnaire-9 (PHQ-9).




Figure 4 | Pooled prevalence of depression, by validated tools/measures. In the sub-group analysis, only data for moderate to severe depression were included for the purpose of consistency across studies.







Anxiety

Of the studies reporting depression, ten additionally measured anxiety, resulting in a total of 12 studies measuring anxiety (43, 45–48, 55, 56, 59, 60, 71–73), with the corresponding total number of participants amounting to 35,034. Validated instruments were used to measure anxiety in four studies (Table 1), utilizing the DSM-IV (48), ICD-10 (56), the Hamilton Anxiety Rating Scale (59) and the Hospital Anxiety and Depression Scale (73). Self-report and other diagnosis (e.g., medical history) were used in three (43, 47, 55) and four studies (45, 60, 71, 72), respectively. A further study (46), utilized a validated instrument to measure both state and trait anxiety. To separate the two domains, this study was not incorporated into the primary analysis for pooled prevalence of anxiety and was included in the additional sub-group analyses only.

Six of these studies originated from the USA (47, 48, 60, 71–73), with a total of 7,127 participants. However, the largest number of participants (n = 19,871) was from a study originating from Germany (56).

The pooled prevalence of anxiety yielded an estimate of 37.2% (95% CI: 21.6 to 54.3%) (Figure 5). As with depression, the I2 statistic was 100%, indicating considerable heterogeneity between the studies. The funnel plot for the examination of publication bias is presented in Supplementary Figure 4. We found evidence of publication bias as indicated by the asymmetrical funnel plot of studies’ precision against prevalence estimates (in logarithmic scale). However, the results of the leave-one-study-out sensitivity analyses showed that no study had undue influence on the pooled anxiety prevalence (Supplementary Figure 5).

As presented in Figure 5, the pooled estimate tended to be higher among studies that used self-reported tools (47.4%, 95% CI: 8.5 to 88.2%), followed by studies that used validated measures (38.0%, 95% CI: 9.5 to 71.8%), and studies that used another method for diagnosis such as medical history (29.6%, 95% CI: 15.0 to 46.7).




Figure 5 | Pooled prevalence of anxiety broken down into subgroups by method of diagnosis, namely validated tool/measure (including DSM-IV and ICD-10), self-report, and other diagnosis (e.g. medical history).







Stress

One of the included studies also measured stress in addition to anxiety (59). In total, only two of the included studies investigated stress in association with NAFLD (54, 59), involving a total of 47,564 participants. However, one of these studies (54), conducted in South Korea, included 47,538 participants. Both studies utilized validated instruments to measure stress. One study used the Perceived Stress Inventory to measure stress (54), whilst the other utilized the Lipp’s Stress Symptoms Inventory (59) (Table 1).

The pooled prevalence of stress (Figure 6) yielded an estimate of 51.4% (95% CI: 5.5 to 95.8%). The I2 statistic was 97%, indicating a considerable degree of heterogeneity between the studies.




Figure 6 | Pooled prevalence of stress.








Discussion

The present systematic review and meta-analysis presents novel data on the prevalence of depression, anxiety, and/or stress in adults living with NAFLD, whilst comprehensively summarizing the relevant literature. When we meta-analyzed data from 28 studies, a high prevalence of depression was revealed among this patient population (26.3%; 95% CI: 19.2 to 34%). A higher pooled prevalence estimate of 37.2% (95% CI: 21.6 to 54.3%) was noted for anxiety in patients with NAFLD, whilst stress appears to affect one in two patients with NAFLD (51.4%; 95% CI: 5.5 to 95.8%). To our knowledge, this is the largest meta-analysis of available data on the prevalence rates of depression, and/or anxiety, and/or stress among adults with NAFLD, documenting even higher mental health comorbidity in this patient population than previously reported (33). As discussed in the following sections, this apparently high overlap between NAFLD and these common mental health problems constitutes a significant health issue which merits further attention both in the context of the clinical care of these patients and for targeted research in this field.




Depression

Depression is a highly prevalent disorder worldwide, constituting a leading cause of years lived with disability and affecting over a quarter of a billion people (74). The findings of this systematic review suggest that depression is present in approximately one out of four (~26.3%) patients with NAFLD. This prevalence of depression is even higher than the one reported in a previous meta-analysis (33), which included 10 studies with an 18.21% pooled prevalence of depression in patients with NAFLD. This may, at least in part, be reflective of the larger number of studies and the larger sample size included in our systematic review.

Notably, in the larger study included in the present systematic review, involving 1,980,950 Medicare beneficiaries, depression was reported to be one of the most common extra-hepatic diseases identified in people with NAFLD (63). Depression was further reported as a contributing factor to impaired health-related quality of life (45, 52), whilst there are data supporting an independent association of depression with high-risk behaviors, such as sedentariness and unhealthy diet among individuals with NAFLD (51). Another included study reported similarities between both men and women regarding a significant association between NAFLD and the incidence of depression, independently of other confounders such as diabetes, CVD, asthma, sex and age (56). In addition, a further retrospective cross-sectional study conducted by Choi et al. (46), involving 7,846 participants, identified an independent association of NAFLD with the risk for depression after controlling for other factors including diabetes and age.

Regarding more severe forms of NAFLD, studies investigating rates of depression in patients with NASH identified a higher frequency of depression among this patient group (43, 47, 48). Additional evidence from included studies suggests an association of depression with NAFLD progression/severity, with the study by Tomeno et al. (67) showing that major depressive disorder was associated with more severe histological hepatic steatosis and worse treatment outcomes in patients with NAFLD. Furthermore, both major depressive disorder and general anxiety disorder have been identified as being significantly increased in patients with NASH, and associated with increased advanced liver histological abnormalities (48). An association of increased symptoms of depression with a greater likelihood of severe hepatocyte ballooning has also been reported by Youssef et al. (73).

Contrary to the above, one study reported that depression was not found to be independently associated with NAFLD at a population level after controlling for other confounding factors, such as diabetes and obesity (58). Likewise, in a study conducted in Romania, authors reported that they were unable to detect a relationship between NAFLD and depression and anxiety, highlighting that symptoms of depression and anxiety are common in this particular region (65).





Anxiety

A total of 12 studies included in the present systematic review measured anxiety, resulting in a pooled prevalence rate of ~37.2%. Thus, as with depression, our findings indicate that anxiety appears to be a very common mental health problem among patients with NAFLD, which has a potential impact on the overall health-related quality of life (43, 45, 47, 55). Notably, one study indicated that general anxiety disorder is significantly increased in patients with NASH and is associated with advanced liver histological abnormalities (48).

Furthermore, the study by Choi et al. (46) explored the presence of both state anxiety and trait anxiety among a NAFLD population, demonstrating that, although NAFLD in itself was not significantly associated with anxiety, associations with state and trait anxiety did emerge depending on the stage of steatosis. These associations remained consistent after adjusting for factors such as age, body mass index (BMI), diabetes, and smoking, but were evident only in females. However, a study by Magalhaes et al. (59) did not identify significant associations between NAFLD and anxiety, although all participants with NAFLD had some level of anxiety.





Stress

Growing evidence suggests an association between chronic psychosocial stress and an increase in the prevalence of various cardio-metabolic diseases, such as obesity, T2DM, CVD and hypertension (75, 76). Despite this emerging importance of chronic stress as a potential factor associated with metabolic syndrome and NAFLD, there is a paucity of studies which have explored such a relationship. Indeed, the present systematic review identified only two eligible studies which investigated chronic stress in relation to NAFLD, gleaning a pooled prevalence of ~51.4%. Interestingly, of these two studies, the large cross-sectional study conducted in South Korea (54) identified a positive independent association between increased prevalence of NAFLD and perceived stress, suggesting a probable relationship between the two. Contrarily, the small study by Magalhaes et al. (59), which sought to identify an association between NAFLD and occupational stress among 26 healthcare professionals employed at a community hospital in Brazil, failed to confirm a significant relationship between stress and the presence of NAFLD, although the authors suggest that such an association should continue to be explored. Accordingly, caution should be adopted when interpreting these findings since data are drawn from only two studies. However, this (both the existing data and the absence of more such data) should clearly prompt further research into the potential links between NAFLD and chronic stress.





Comparison with other population groups and general population data

Certain studies included within this review investigated the prevalence of mental health problems in patients with NAFLD compared with other population groups (48, 49, 68–70). For example, the study by Elwing et al. (48) identified a higher rate of depression and anxiety in patients with NASH compared to a matched control group without liver disease. Furthermore, Fillipovic et al. (49) demonstrated greater risk of cognitive impairment and depression in patients with NAFLD compared to those without, whilst Weinstein et al. (69) reported a higher prevalence of depression in individuals with NAFLD in comparison with patients with another liver disease, namely those with a hepatitis B virus infection.

In terms of comparisons with general population data, data suggest a lifetime prevalence estimate for depression of 14.6% and an average 12-month prevalence estimate of 5.5% for adults in high-income countries (77). It is further estimated that generalized anxiety disorder has a lifetime prevalence of between 1-7% in Europe and around 7.8% in the USA, although it is suggested that generalized anxiety disorder is often underdiagnosed (78). Therefore, based on even the lower corresponding estimates from the present systematic review, it appears that the prevalence of depression and anxiety among patients with NAFLD is likely to be considerably higher when compared to the general population.

Depression is a key health issue of concern globally, which has significantly worsened after the COVID-19 pandemic, with the WHO reporting that the prevalence of depression and anxiety increased by 25% within the first year of this pandemic (79). Furthermore, depression is reported to be a common co-existing problem among patients with chronic disorders (80). For example, a large prospective cohort study conducted in Spain, identified that around 20% of patients with diabetes suffered from depression, and that this was associated with a number of diabetes related outcomes and complications (81). A further systematic review revealed a 28% prevalence of anxiety in patients with diabetes, with those with pre-existing anxiety at higher risk of developing diabetes (19%) (82). Likewise, stress is reported as a trigger for the onset of both type 1 and type 2 diabetes, with the combination of chronic stress and obesity leading to metabolic failure and increasing diabetes risk in such individuals (83). Depression, anxiety and chronic psychological stress are also reported as being common in people with CVD, with a recent systematic review revealing a prevalence of depression at 31.3%, and anxiety and stress at 32.9% and 57.7%, respectively, among this population (84). Moreover, a systematic review and meta-analysis by Mejarah et al. (83), revealed a high prevalence of depression among cancer patients, with the highest prevalence being identified among those with colorectal cancer (32%) (83), whilst a 13.8% prevalence of anxiety among patients with cancer has also been reported (85).

Thus, our present findings suggest that the prevalence rates of these common mental health problems in patients with NALFD may be similar to those documented for other chronic disorders; however, this seems to have received less attention and awareness among the NAFLD population in comparison to other patient groups.





Diagnosis of NAFLD/measurement of mental health

Among the studies included in this review, a range of methods were used to diagnose NAFLD. In general, liver biopsy continues to be considered the gold standard for the diagnosis of NAFLD and NASH, as it allows the histologic assessment of hepatic steatosis, inflammation, and fibrosis. However, liver biopsy is an invasive strategy which is costly, not always feasible, and carries a risk of complications (e.g., bleeding). As such, many patients are currently diagnosed via non-invasive methods (e.g., ultrasound and other imaging methods), with liver biopsy more commonly reserved for use where there is diagnostic uncertainty (86, 87). This also explains the range of NAFLD diagnostic methods utilized in the studies included in this systematic review (Table 1).

Regarding assessment of the mental health problems of interest, a number of the included studies involved the use of well-established validated tools/methods, whilst others utilized self-report or other means, such as medical records. Of interest, for studies where depression and anxiety were self-reported, a higher prevalence of these conditions was evident - a finding that was also noted in a previous systematic review (33). This may be due to problems regarding patient recall of physician diagnosis, but might also reflect the possibility that generic validated tools may not capture depression and anxiety among this specific NAFLD patient group. To our knowledge, there are no mental health measures validated specifically for NAFLD patients. Likewise, as far as we are aware, the tools that are currently in widespread use for measuring common mental health problems have not been specifically validated for use among this patient group.

It is important to note that in some of the studies included in this review, mental health was not the primary outcome. For example, two of our included studies had a focus on binge eating disorder (BED), with the primary aim being to assess if BED related to obesity was associated with the severity of NAFLD in one study (44), and to assess risk factors for the presence of BED among patients with NAFLD together with the impact of BED on body mass composition in another study (50). Additionally, Patel et al. (61) sought to describe the number and type of chronic conditions and medications taken by patients with diabetes and NAFLD and to identify characteristics that may impact on liver disease severity, whilst another study by Patel et al. (62) aimed to examine the association between lifetime alcohol consumption and significant liver disease in patients with diabetes and NAFLD (62). Therefore, the assessment of mental health might be seen as a secondary objective of these studies, and, thus, care should be taken when interpreting these findings, since the relevant mental health issues identified might be due to other causes beyond NAFLD itself. However, it should be noted that when these studies were omitted during the performed leave-one-out sensitivity analysis, their omission had no significant effect on the overall pooled prevalence of depression.





Potential underlying mechanisms

The present systematic review specifically looked at the prevalence of one or more common mental health issues (i.e., depression, anxiety and stress) in adults with NAFLD, thus the included studies offered evidence predominantly on this research question. However, growing broader data suggest that a bi-directional pathophysiologic association between NAFLD and depression might be in existence (31), whilst it is also plausible that a feed-forward vicious cycle exists between these common mental health conditions and NAFLD, whereby such mental health morbidity may promote NAFLD, and vice versa (12). Thus, it is important to consider the potential underlying mechanisms that may link NAFLD with these common mental health problems. Indeed, some of the studies included in this review also refer to such potential underlying mechanisms, including insulin resistance, inflammation, and the activity of the hypothalamic-pituitary-adrenal axis (HPA) axis (46, 54, 56, 73). For example, when exploring the association between depression and NAFLD, one of the studies included within this systematic review suggests that insulin resistance appears to play an important role in modulating the link between depression and NAFLD risk (57). Moreover, the potential involvement of the serotonin pathway, and the gut microbiome have also been discussed in the context of underlying mechanisms linking NALFD and these mental health problems (12, 46). Finally, brain insulin resistance, neuro-inflammation and cerebrovascular changes are also considered as part of the NAFLD-related pathophysiology which may affect the central nervous system in these patients and could contribute to the development of depression and anxiety (88). Of note, a Mendelian randomization study by Lin et al. showed that NAFLD causally affects the brain cortical structure, revealing an association between NAFLD (NAFLD activity score and fibrosis stages) and cortical structures (reduced global surface area and changes in the cortical structures of several brain gyri as assessed by MRI) which may contribute to disease/dysfunction of the central nervous system (89). These findings further support the notion of a liver-brain axis and suggest that MRI scans could be introduced in the routine care offered to patients with NAFLD in order to promptly diagnose potential neuropsychiatric comorbidity (89).

It is important to highlight that there could be many other factors that may contribute to the mental health and well-being of patients with NAFLD, including symptoms of fatigue which may impact on quality of life and the high risk of significant complications, as well as the lack of awareness of the condition and perceived stigmatization (28). Furthermore, it is reported that NAFLD patients with depression are at a greater risk of adverse outcomes, such as stroke, CVD and cancer-related mortality compared to those without depression (90). Similarly, anxiety has been shown to be associated with a number of health issues including CVD, hypertension and gastrointestinal issues (91), and increased levels of anxiety among NAFLD patients might also lead to further physical complications. Anxiety may also impair quality of life both in terms of physical and mental health and in association with everyday functioning (92), and this is highly likely to be the case with NAFLD patients.

Overall, NAFLD is a complex condition and may further be associated with various socioeconomic factors and unmet needs, which could in turn lead to mood imbalances and feelings of social isolation and loneliness, representing a further substantial risk to overall health and quality of life (28). Interestingly, chronic loneliness is reported as being associated with both mental health problems and metabolic disorders, potentially acting as a chronic stressor leading to HPA axis overactivity which may contribute to the development of both mental health and metabolic problems that, in turn, may also lead to feelings of social isolation (93).





Limitations

This systematic review and meta-analysis has certain limitations. Firstly, because a number of the included studies were cross-sectional in design, it is not possible to determine causality. In addition, our analysis included some studies wherein mental health issues were not representative of the intended primary study outcomes. Also, high heterogeneity was documented throughout the analysis, which is potentially due to the cross-sectional nature of many of the included studies, different methods used for diagnosing NAFLD and measuring mental health, and differences across country of study origin, and sample size. High levels of heterogeneity have also been identified in previous reviews of this nature (31, 33). It is possible that high heterogeneity is a common feature in meta-analyses of observational studies, due to high risk of bias and because not all included studies may be answering the same research question (94). In terms of risk of bias judgement for the studies included in our review, risk of bias was judged highest for the selection bias domain, since 13 of the included studies involved patients recruited from a single center. These centers were predominantly either liver clinics or centers specializing in gastroenterology or hepatology, implying that the corresponding findings may not be representative of the general population of patients with NAFLD. In addition, in the present systematic review we included only papers which were published in the English language, whilst we did not include unpublished studies. Hence, it is likely that there may be additional relevant studies which are currently unpublished or have been published in languages other than English. Furthermore, it was not possible to explore potential ethnicity related differences in the context of this systematic review since ethnic specific data were not consistently reported by the included studies. It would be of interest if future research could further investigate differences in the prevalence, disease management, and associations of NAFLD and mental health problems across different ethnic groups. Finally, it was not possible to further analyse potential differences depending on the exact stage of NAFLD and whether steatosis/steatohepatitis and/or comorbid conditions are present or not, since the included studies did not consistently report such detailed data as well.





Concluding remarks

Given that the prevalence rates of both NAFLD and mental health problems are expected to continue to increase globally, a further growth in the patient group presenting with such comorbid chronic problems should be expected in the following years. Thus, it is important for the clinical practice to ascertain the exact degree of mental health comorbidity among the NAFLD patient population in order to prioritize and/or tailor relevant treatment interventions. The present systematic review and meta-analysis presents such up-to-date data on the apparently high prevalence of depression, anxiety, and stress among adults with NAFLD, and comprehensively summarizes the existing relevant literature. Our findings show markedly high pooled prevalence rates of these mental health disorders in adults with NAFLD, indicating a plausible underlying pathophysiological link, however, the present work does not draw conclusions on such an association. Thus, additional research is required to elucidate the potential pathophysiological links between these common mental health disorders and NAFLD, and to further identify the exact risk of developing stress, anxiety and depression disorders in this patient population. Indeed, our present work further highlights such gaps/weaknesses which remain within the relevant literature, including the need to understand potential bi-directional links between NAFLD and mental health problems. Therefore, whilst clinical practice should acknowledge the apparently high prevalence rates of depression, anxiety, and stress among adults with NAFLD and accordingly offer tailored care to these patients, research efforts should also be directed on elucidating potential underlying mechanisms shared between these common chronic health problems which could result in developing novel treatment options for such patients.
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Introduction

Depression and anxiety present high and complex comorbidity with diabetes. One proposed explanation is that glycemic dysregulations and diabetes-related processes can influence mental health risk. We examined the associations of concurrent and prior glycemic indicators (Hemoglobin A1c (HbA1c) and fasting blood glucose (FBG) levels) with depression and anxiety symptoms in a community-based sample of middle-aged Lebanese adults.





Methods

Data come from the Greater Beirut Area Cardiovascular Cohort (GBACC), with baseline and 5-year assessments of sociodemographic, lifestyle, and biological factors (n=198). Depression (Patient Health Questionnaire-9) and anxiety (General Anxiety Disorder-7) symptoms were assessed at follow-up. We investigated associations between glycemic indicators and continuous mental health scores using first linear and then piecewise regression models.





Results

Adjusted piecewise regression models showed different associations with mental outcomes across glycemic indicators in the diabetic/clinical compared to the non-diabetic range: Among participants with <126 mg/dl baseline FBG, higher FBG levels in this range were significantly associated with lower depressive (beta=-0.12, 95%CI= [-0.207, -0.032]) and anxiety symptoms (beta=-0.099, 95%CI= [-0.186, -0.012]). In contrast, among participants with baseline FBG levels ≥126 mg/dl, higher FBG levels were significantly associated with higher anxiety symptoms (beta=0.055; 95%CI= 0.008, 0.102). Higher baseline FBG levels in the ≥126 mg/dl range showed a not statistically significant trend for higher depressive symptoms. Although not significant, baseline HbA1c levels showed similar patterns with negative associations with mental health symptoms in the <6.5% range.





Discussion

Results show that FBG levels were associated with poorer mental health symptoms only in the clinical/diabetic range, and not in the normal range. Associations were observed with baseline glycemic indicators, highlighting potentially early and prolonged associations with mental health. Findings highlight the importance of clinical changes in glycemic indicators for mental health and motivate further research into the transition toward adverse associations between diabetes and mental health.





Keywords: fasting blood glucose (FBG), HbA1c - hemoglobin A1C, depressive symptoms, anxiety symptoms, mental health, community-based sample, glycemic indicators, diabetes




1 Introduction

Mental health disorders are a growing public health priority, affecting up to one billion people globally (1). Depression was the second and anxiety eighth leading cause of healthy life years lost to disability according to the Global Burden of Disease (GBD) in 2019 (2). This burden was largely exacerbated during the COVID-19 pandemic, with a 2020 Lancet review, reporting prevalence increase of 27.6% and 25.6% for major depressive and anxiety disorders respectively (3).

These worldwide prevalence and burden trends call for an improved understanding of the development of mental health disorders and for better recognition of specific higher-risk subgroups and trajectories. While the exact mechanisms underlying depression and anxiety remain unclear, accumulated data indicate that the risk of depression and anxiety is multifaceted and includes genetic, socioeconomic, environmental, lifestyle, and biological factors (4). Importantly, mental health disorders show high patterns of co-morbidity with other chronic disorders, underlining potential common biological and physiological processes. One consistently reported co-morbidity is that between depression and type II diabetes mellitus (T2DM), a common and serious chronic disease, ranked as the eighth leading cause of death and disability worldwide (2). According to the International Diabetes Federation (IDF), 425 million people had diabetes in 2017 and this number is anticipated to climb to 629 million by 2045 (5).

Both epidemiological and clinical studies show a higher prevalence of depression among people with diabetes; estimates from meta-analyses indicate that depression is twice more common in diabetic compared to non-diabetic populations (6–8). Moreover, data suggest that the course of depression among people with diabetes is more severe and complicated, due to underdiagnosis, under-treatment, and higher relapse occurrences (7, 9). Although less studied, data also suggest a link between diabetes and anxiety disorders, whereby patients with diabetes were reported to be 1.5 times more likely to develop severe anxiety than persons without diabetes (10–12), This suggests that diabetes-mental health links go beyond a specific disorder, further warranting a better understanding of how diabetes and its processes may impact mental health.

In parallel, several studies indicate that people with depression have an increased risk of T2DM (13). Combined, current evidence suggests a complex bi-directional relationship between depression and diabetes (14, 15), which is predominantly explained by three hypotheses: that shared common risk factors increase risk of both disorders simultaneously; that diabetes is a risk factor for depression; and that depression and stressful experiences may lead to diabetes (13, 16). One approach to better delineate this complex comorbidity is to investigate the more direct links between mental health symptoms and the biological building blocks of diabetes (10). However, studies investigating the links between depression and glycemic indicators have yielded mixed findings and have important limitations. First, most prior research consists of cross-sectional studies and do not include repeated assessments of glycemic indicators to investigate their timing and change in relation to mental health symptoms. Second, existing longitudinal studies have predominantly focused on patients with diabetes, where extreme changes in diabetes indicators may have already occurred, limiting the investigations of the relation of mental health symptoms across the non-diabetic to diabetic ranges. For instance, in a recent meta-analysis summarizing longitudinal studies, a bidirectional relationship has been reported between depressive symptoms and Hemoglobin A1c (HbA1c), with higher baseline HbA1c levels being associated with increased risk of probable depression; and higher baseline depressive symptoms associated with subsequent higher levels of HbA1c (17). Similar evidence is observed for anxiety symptoms, with studies reporting positive correlations between HbA1c, fasting blood glucose (FBG) levels and anxiety symptoms (18, 19). While these studies provide evidence for a link between depression and biological diabetes indicators, they are conducted in type 1, type 2, and mixed diabetic populations, and there is increasing interest and need for investigating how these relationships occur in the normal-to-pathological range of glycemic indicators (i.e., across the non-diabetic to diabetic range and in both people with and without diabetes) (17, 20–22). Reports of a positive association between pre-diabetic FBG/HbA1c levels and depressive symptoms (22) further highlight the need for investigating earlier associations with mental health illnesses across the spectrum of FBG/HbA1c variations -i.e., before the shift to more extreme and clinical ranges have occurred - to better assess relationships of glycemic deregulations and diabetes-related processes with depression and anxiety. For that, investigations in middle-aged adults can provide an added advantage to explore a time window where diabetes risk is changing (20).

This study aimed to examine the relationship of previous, concurrent, as well as changes in glycemic indicators (FBG and HbA1c) over five years with depression and anxiety symptoms in a community-based sample of middle-aged Lebanese adults.




2 Materials and methods



2.1 Study design and sample

This study was based on data from the Greater Beirut Area Cardiovascular Cohort study. Details of the study are described elsewhere (23, 24). Briefly, at baseline (2014), a sample of 501 adults were enrolled in the study following multistage probability sampling across the Greater Beirut area. Participants aged 18 and above and living in the Greater Beirut area were eligible to participate; pregnant women, dialysis patients, subjects with intellectual inability to understand the study and to provide informed consent were excluded (25, 26). Baseline data collection consisted of face-to-face interviews, anthropometric measurements, and extensive data on blood markers of cardiac and metabolic disorders. At the five-year follow-up (2019), participants were invited to participate in the second study wave. All participants who had consented at baseline to be re-contacted and who provided contact information (n=486) were called to participate in the follow-up, except for 8 subject who were no longer eligible to participate in the study; 198 completed the study follow-up examination. Of the 478 who were eligible to partake in the follow-up study, 36.1% were not successfully reached because of wrong phone numbers and 17.9% did not answer; 17.5% were too busy, 15.7% were not interested, 8.9% were too ill, and 3.9% had moved/traveled. A cohort flowchart is included in Supplementary Figure S1. Both study waves were approved by the Institutional Review Board at the American University of Beirut and all participants provided written consent at both study examinations.




2.2 Data collection

At baseline and follow-up, data on sociodemographic, socioeconomic, and lifestyle factors and medical history were collected through face-to-face interviews with trained data collectors; anthropometric and blood samples were also collected, through similar protocols at baseline and follow-up.



2.2.1 Depression and anxiety symptoms

Data on mental health were only collected at the follow-up wave. Depressive symptoms were measured using the Patient Health Questionnaire-9 (PHQ-9) (27). The scale includes 9 self-reported items that assess the presence and severity of major depressive disorders based on the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) criteria in the past two weeks; each item is ranked in frequency on a 4-point Likert scale, with the total scores ranging from 0 to 27 (28) and higher score indicating higher depressive symptoms. The scale has been shown to have high internal consistency (Cronbach’s alpha between .86 and .88) (29) and high test reliability (Cronbach’s alpha between .84 and .95) (28, 30).

Anxiety symptoms were assessed using the Generalized Anxiety Disorder -7 (GAD-7) scale, a reliable and valid instrument widely used for assessing presence and severity of anxiety symptoms (31). The GAD-7 includes seven items, based on DSM-IV criteria (28), with each item’s frequency of occurrence over the past two weeks ranked on a 4-point Likert scale. Total scores range from 0 to 21, with higher scores indicating higher anxiety symptoms. The GAD-7 exhibits excellent internal consistency (Cronbach’s alpha between .89 and .92) (30–32).

Both scales were adapted and validated in Lebanon and Arab speaking communities (28) and the validated versions were used for data collection. We analyzed depressive and anxiety symptoms continuously (total scores of each the PHQ-9 and GAD-7 scales) as well as categorically, comparing those with elevated symptoms and those without using validated cut-offs [scores of 10 and more for each scale (12)].




2.2.2 Glycemic indicators

The two main exposure variables of interest were fasting blood glucose (FBG) and glycosylated hemoglobin A1C (HbA1c), and we were interested in the baseline and follow-up values of these indicators, as well as their baseline to 5-year change measured as

	

Glycemic indicators were based on blood draws collected at both the baseline and follow-up examination. Blood draws were split into two ethylenediaminetetraacetic acid tubes, one frozen for future studies and the other refrigerated and saved for HbA1c measurement within one week. The remaining blood was centrifuged with serum split into several 1 mL Eppendorf tubes, the one dedicated for FBG analysis was refrigerated and sent to be assayed immediately (on same day). HbA1c assessments were performed using the HPLC (Bio-Rad) and FBG assessments using the Enzymatic method (Cobas 6000, Roche). The same glycemic definitions were used at baseline at follow-up, according to the American Diabetes Association (ADA) guidelines: Diabetic FBG levels were considered as those equal and above 126 mg/dl; diabetic HbA1c levels were considered at 6.5% or higher. Presence of probable diabetes was defined as the presence of self-reported diabetes, taking diabetes medications, and/or either FBG≥126 mg/dl or HbA1c≥6.5% (48mmol/mol). Information on family history of diabetes was self-reported and categorized into presence of family history of diabetes (if any one of participant’s mother, father, or siblings had diabetes) versus no family history of diabetes.




2.2.3 Covariates

The following covariates were selected to be accounted for in the analysis, based on an extensive literature review of the factors that are consistently associated with anxiety, depression and diabetes and that can be on common causal pathways for these conditions. Sociodemographic covariates included age (continuous variable), sex (men/women), and educational attainment (higher educational level including secondary/technical/university degree versus lower including no education/primary or intermediate school). Health characteristics included BMI (kg/m2), current smoking status (yes/no) (33), and physical activity (low, moderate and high) according to the International Physical Activity Questionnaire (IPAQ) scoring cut-offs (34). Participants self-reported whether they have been ever told by a doctor or healthcare professional that they have high blood pressure (hypertension: yes/no) at both study visits. We also considered the following self-reported medical conditions that are potentially relevant for both mental health disorders and diabetes: presence (yes/no) of dyslipidemia, coronary heart disease (CHD), cancer, thyroid, and stroke; a composite score was generated summarizing the number of metabolic conditions and chronic diseases (ranging from 0 to 4, with higher values indicating more conditions/comorbidities), to facilitate analysis as the prevalence of some disorders was low in the sample. The baseline (2014) values of the covariates were used for analyses involving baseline assessments of FBG and HbA1c, and follow-up (2019) values were used in analyses of follow-up FBG and HbA1c levels.





2.3 Statistical data analysis

Sample characteristics, mental health symptoms, and glycemic indicators (HbA1c and FBG) were described using mean and standard deviations for continuous variables and frequency distributions for categorical variables. We first investigated the correlation between the main exposures (HbA1c and FBG) at both study waves using Pearson correlations; similarly, we investigated the overlap in elevated depression and anxiety symptoms (using chi-square tests) and the correlation between continuous depression and anxiety scores using Pearson correlations.

For the main relationships of interest (glycemic indicators and mental health), we first investigated bivariate relationships between each of the baseline and follow-up FBG and HbA1c levels as well as the 5-year change in these levels with each of the depression and anxiety symptoms at follow-up (both continually and categorically (i.e., elevated symptoms yes/no), using linear and logistic regression analyses, respectively). We also investigated whether probable diabetes status at baseline and follow-up were related with depression and anxiety symptoms.

We investigated graphically the association of baseline and follow-up FBG and HbA1c levels with depressive and anxiety symptoms, using Locally Weighted Scatterplot Smoothing (Lowess) plots, which identified ranges across each of the HbA1c and FBG levels that showed differential relationships with mental health symptoms. As detailed in the results, relationships of FBG and HbA1c with mental health symptoms were different in the non-diabetic and diabetic ranges (below and above HbA1c of 6.5; below and above FBG of 126). Accordingly, we used segmented linear piecewise regression, a type of analysis that is efficient for scenarios of different patterns of associations specific ranges of the predictor variables; this method thus allowed to partition the glycemic indicators’ levels into two intervals (the non-diabetic and diabetic/clinical ranges), based on the ranges identified in the Lowess plots. We conducted adjusted piecewise regression models sequentially, first adjusting for age, sex, educational levels, BMI, smoking status, and hypertension; then, we further adjusted for number of medical conditions (dyslipidemia and number of chronic diseases), family history of diabetes, and physical activity. Analyses were performed for each glycemic indicator (FBG and HbA1c) and for each of the baseline and follow-up values of these predictors, aiming to assessing both cross-sectional association with mental health symptoms (follow-up data) and relationship of prior levels of these indicators (baseline) with mental health symptoms 5 years later. We used the covariates values that correspond to the year of the primary predictor in the model (e.g., baseline covariate values for baseline FBG levels). Regression coefficients (betas) and 95% confidence intervals were reported. The threshold for statistical significance was 5%. For each outcome, same analysis was repeated for the binary outcome classification (elevated symptoms yes/no) using logistic regression models (Supplementary Table S1) and results were concordant. Data analysis were performed using STATA 13.





3 Results



3.1 Sample characteristics

At five-year follow-up, mean age was 51.5 years (SD=13.38); 64.14% of the sample were women and 36.22% had higher educational attainment (Table 1). Average BMI was 30.43 kg/m2 (± 5.90) compared to 30.00 (± 5.85) kg/m2 at baseline. Current smoking and low physical activity were prevalent at both baseline and follow-up. Regarding medical history, 59.09% of participants had no chronic diseases at baseline while 45.45% reported no chronic diseases at follow-up; the most frequent diseases and conditions were dyslipidemia and hypertension and their prevalence increased at follow-up; presence of cancer and stroke history was stable over the 5 years with low prevalence of 2.53% and 1% respectively at both years (Table 1).


Table 1 | Characteristics at baseline and follow-up of the Greater Beirut Area Cardiovascular Cohort sample (n=198).



At baseline, 21.27% of the sample had diabetes and the prevalence increased to 30.30% at the five-year follow-up. This was accompanied with increases in FBG and HbA1c levels: Average FBG and HbA1c levels at follow-up were 117.62 mg/dl (± 39.76) and 5.95% (± 1.31%), compared to 109.08 mg/dl (± 29.52) and 5.9% (± 1.15%) at baseline, respectively.

With regards to mental health symptoms, 32.3% and 26.8% of participants had elevated depression and anxiety symptoms respectively. Average depression symptoms score was 7.16 (±5.68) and average anxiety symptoms score was 6.57 (± 5.55). Depression and anxiety scores were highly correlated (ρ = 0.69); 20.71% of the total sample had co-morbid elevated depression and anxiety symptoms. Most participants with elevated depression symptoms had co-morbid elevated anxiety symptoms (64.06%), and the majority of participants with elevated anxiety symptoms had co-morbid elevated depression symptoms (77.36%).

Bivariate associations between covariates of interest and total depression and anxiety scores (PHQ-9 and GAD-7 scores) are presented in Supplementary Table S2: Women had significantly higher depression and anxiety scores; higher education level was associated with significantly higher depression scores and with close-to-statistical significance higher anxiety scores. Baseline hypertension was associated with higher depressive symptoms (p=0.06); having a higher number of medical conditions at baseline and follow-up was associated with significantly higher depressive symptoms; anxiety scores were also higher with each additional condition at follow-up (p value=0.076).




3.2 Correlations among glycemic indicators

HbA1c and FBG levels showed positive, strong, and significant correlation at both study waves: at baseline (ρ = 0.81) and five-year follow-up (ρ = 0.84). Baseline HbA1c levels were strongly correlated with follow-up HbA1c levels (ρ = 0.79); baseline FBG levels were highly correlated with five-year follow-up FBG levels (ρ = 0.69) (Table 2).


Table 2 | Correlation of fasting blood glucose (FBG) levels and Hemoglobin A1c (HbA1c) levels at baseline and five-year follow-up in the Greater Beirut Area Cardiovascular Cohort sample (n=198).






3.3 Glycemic indicators and depressive and anxiety symptoms

Unadjusted linear regression analyses (Table 3) showed that baseline glycemic indicators were related to both mental health outcomes: higher baseline FBG levels were associated with higher depressive and anxiety symptoms (beta=0.024, 95% CI= [-0.002, 0.051], p-value=0.072 and beta=0.035, 95% CI= [0.009, 0.060], p-value=0.009, respectively); higher baseline HbA1c levels also showed a trend of positive association with depressive symptoms but without reaching statistical significance (beta=0.532, 95% CI = [-0.158, 1.223], p-value=0.130). Baseline diabetes status was associated with higher depression scores (beta=2.110, 95% CI= [0.195, 4.026], p-value=0.031) and with a trend for higher anxiety symptoms (beta=1.647, 95% CI = [-0.223, 3.52], p-value=0.08).


Table 3 | Unadjusted linear regression models of baseline and five-year follow-up glycemic indicators and mental health symptoms.



5-year follow-up FBG and HbA1c levels were not associated with concurrent depressive symptoms (p-value>0.33) or anxiety symptoms (p-values>0.47). Change in HbA1c and FBG levels was also not significantly related to mental health symptoms.

Figures 1, 2 represent Lowess plots of the association of baseline and follow-up FBG (Figure 1) and HbA1c (Figure 2) levels with depression and anxiety symptoms. The FBG plots (Figure 1) suggest a change in the association, wherein a positive association is observed in the range of FBG>126 whereas below 126 associations have a negative trend, and this is observed for both baseline and follow-up FBG values and for both depression and anxiety symptoms. A similar trend is observed for HBA1c values, wherein above 6.5% HbA1c values, a positive linear trend between HbA1c and mental health symptoms is more apparent, whereas below 6.5%, the association either follows a plateau or no clear patterns of association.




Figure 1 | Lowess plots of the relationship of depression and anxiety symptoms with baseline and 5-year follow-up fasting blood glucose (FBG) levels. (A) Baseline Fasting Blood Glucose level and depression symptoms. (B) Follow−up Fasting Blood Glucose levels and depression symptoms. (C) Baseline Fasting Blood Glucose levels and anxiety symptoms. (D) Follow−up Fasting Blood Glucose levels and anxiety symptoms.






Figure 2 | Lowess plots of the relationship of depression and anxiety symptoms with baseline and 5-year follow-up Hemoglobin A1c (HbA1c) levels. (A) Baseline Hemoglobin A1c levels and depression symptoms. (B) Follow−up Hemoglobin A1c levels and depression symptoms. (C) Baseline Hemoglobin A1c levels and anxiety symptoms. (D) Follow−up Hemoglobin A1c levels and anxiety symptoms.



Given that these trends were observed for both glycemic indicators and for both outcomes, we conducted segmented piecewise regressions separating the ranges of <126 and ≥126 for FBG and <6.5 and ≥6.5 for HbA1c (Table 4). Significant associations were observed between baseline FBG levels and mental health symptoms: In the <126 (non-diabetic) FBG range, higher baseline FBG levels were associated with lower depressive (beta=-0.093, 95%CI= [-0.0177, -0.009], p=0.03), and anxiety symptoms (beta=-0.095, 95%CI=[-0.1763, -0.0147]; p=0.02). In the diabetic ≥ 126 FBG range, higher baseline FBG levels were significantly associated with higher anxiety symptoms (beta=0.054; 95%CI= [0.007, 0.101]; p=0.026). Higher baseline FBG levels in the ≥126 range showed a non-significant trend for higher depressive symptoms (Table 4).


Table 4 | Piecewise regression analysis of baseline and 5-year follow-up fasting blood glucose (FBG) and Hemoglobin A1c (HbA1c) levels and depression and anxiety symptoms.



Similar conclusions were observed in models adjusted for age and sex and following further adjustment for educational attainment, BMI, current smoking, hypertension, family history of diabetes, number of medical conditions, and physical activity (Table 4). FBG levels at follow-up were not associated with concurrent mental health symptoms.

With regards to HbA1c, there was a similar trend for baseline HbA1c levels, with negative associations with mental health symptoms in the below 6.5 range and positive association in the ≥6.5 range; however, they did not reach statistical significance. Following adjustments for lifestyle and health indicators, the negative association between baseline HbA1c and depressive symptoms (beta= -1.91, 95%CI= [-4.21, 0.293]; p= 0.089) and between concurrent HBA1c levels and both depression (beta= -1.940, 95%CI= [-4.311,0.430]; p=0.108) and anxiety symptoms (beta= -1.833, 95%CI= [-4.528,0.590]; p= 0.137) in the below 6.5 range were more apparent (Table 4).





4 Discussion



4.1 Main findings

The current study aimed to assess the relationship of glycemic indicators with depression and anxiety scores in a community-based sample of middle-aged adults. In our sample, the prevalence of mental health problems was elevated with 32% of respondents having elevated depression and 26% having elevated anxiety symptoms; estimates from previous Ministry of Public Health reports (prevalence of 10-20% prior to the pandemic) also highlight the importance of and need for research on mental health in Lebanon (35). Our study revealed novel findings regarding the association of glycemic indicators and mental health. One important finding is that the association between FBG levels and mental health symptoms was differential across the non-diabetic to diabetic range of glycemic indicators, wherein only increases in FBG levels in the 126 and above range were associated with worsening depression and anxiety scores. Conversely increases in FBG levels, if they were in the below 126 range, were not associated with worst mental health scores and were related to lower mental health symptoms. A similar trend was observed for HbA1c levels, but it was close to statistical significance, with HbA1c levels in the below 6.5 range showing associations with lower mental health scores. This finding highlights a risk specific to reaching the diabetic range and worsening of glycemic indicators in the diabetic range for mental health outcomes. Another key finding was the association between baseline glycemic indicators with mental health symptoms, suggesting longer-term associations and indicating the value of early detection and management for diabetes and co-morbidities.

The finding of associations of FBG levels in the ≥126 range with poorer mental health outcomes are in line with other findings. According to a study conducted in New York that included 249 participants, a sample size that is close to ours, patients with diabetes showed a positive and significant correlation between FBG levels and PHQ-9 depression scores (36). Another study conducted in an Indian health care center among patients with diabetes also showed agreement with our result, where anxiety symptoms were positively associated with FBG (37). We note that very limited number of studies investigates FBG levels and most studies focused on HbA1c. Given the importance of both of these indicators in the context of diabetes, our study investigated both. We also note that associations of HbA1c with mental health outcomes followed the same trend of negative relationships with mental health scores in the non-clinical/diabetic HbA1c ranges (with close-to-statistical significance associations between baseline HbA1c <6.5 and lower mental health symptoms at baseline and follow-up (p ranging from 0.064 to 0.089 in models 2 and 3). In contrast, and unlike FBG levels, changes in HbA1c levels in the clinical/diabetic range were not associated with mental health symptoms. This could be explained in several ways. It is possible that the study’s sample size was limited in detecting some associations (despite the consistent pattern of associations for both HbA1c and FBG, at both times points, and with both outcomes), and that larger samples are needed to confirm the lack of association with mental health in the HbA1c clinical/diabetic range. It is possible that HbA1C, which reflects a 3-month average glucose, may lump fasting and post prandial glucose levels and capture different aspects than FBG levels. FBG levels in the non-diabetes state provide a more granular reflection of internal processes preceding the onset of diabetes, such as increased gluconeogenesis and insulin resistance, more so than the post prandial glucose which reflects beta cell function. It is also possible that increases in HbA1c levels within the diabetic range do not carry important consequences for mental health. Some studies found that HbA1c levels are associated with depression (15, 38–41) and anxiety (37) in people with diabetes whereas other studies found no association (42–44). A study among 514 participants in Iran did not find an association between poor glycemic control (high HbA1c values) and depression in people with diabetes (OR = 1.11, 95% CI = [0.87-1.57]) (45). While most of these studies are cross-sectional, other longitudinal studies also found no association. One longitudinal study over 5 years among 3762 patients with diabetes and another 3-year longitudinal study that aimed – as a secondary purpose – to investigate the relation between glycemic control and depression among adolescents showed that the relationship between depression and HbA1c was not significant after adjustment for confounders (17, 43, 46). Our results are in line with these findings, however the observed pattern of associations in our study emphasize that future studies will benefit from exploring the non-diabetic to diabetic ranges of HbA1c to better delineate particularities of this relationship.

In sum, our results show that increases in FBG and HbA1c levels were not linked to poorer mental health, as long as the glycemic values did not reach the clinical diabetes threshold. These findings can have important public health and clinical implications, as they suggest that it is not the gradual/cumulative increase in glycemic indicators’ values that is problematic in itself but rather it is entering the disease/pathological range. Further, these associations were observed directly with glycemic indicators (irrespective of diabetes status or treatment), suggesting that non-diabetic FBG and HbA1c levels (either naturally or controlled) may not impact mental health negatively. While our sample size limited thorough investigations of diabetes medication, we note that adjustment for diabetes medication did not change conclusions. Depression and anxiety have been linked to poorer glycemic control, adherence to treatment regimens, and dietary habits (38, 47, 48) further highlighting the need for future studies with larger samples and repeated assessments of both glycemic measures and mental health outcomes that can help assess their complex relationship and interplay through the role of adherence and success of treatment.

Another important finding of this study are the associations of the baseline diabetes-related measures with mental health scores, which were more apparent than associations with the 5-year follow-up diabetes-related measures, assessed at same time as the mental health scores. Changes in FBG and HbA1c levels were not related to mental health symptoms, which could be explained by the differential associations at different time points and across the diabetic and non-diabetic ranges. We also found that, similarly to FBG levels, diabetes status at baseline was associated with mental health outcomes. This could suggest a delayed or cumulative response between glycemic indicators and mental health outcomes, and that the relationship of higher glycemic levels and mental health may not appear instantly. This is in line with the nature of diabetes, a chronic disease involving complex interactions between multiple factors and consequences on several biological processes. Further, diabetes duration was associated with risk of depression in previous studies (48, 49). We note that patterns of associations were consistent at both baseline and follow-up and that HbA1c 5-year follow-up values in the non-diabetic range showed close to significance associations. We also note that values of both HBA1C and FBG were correlated across time, highlighting the stability of these indicators and raising the question of why some relationships will be observed at a specific time-point. Our analysis was limited by the one measurement of mental health and the absence of assessments at baseline, so we cannot exclude reverse causality and that higher previous glycemic indicators might have been observed among people with a prior mental health problem.




4.2 Strengths and limitations

To the best of our knowledge, this is the first study that address the relationship of mental health conditions across the normal to clinical range of glycemic indicators in a community sample. Prior studies were limited to specific samples with existing comorbidities (people with cardiovascular problems, diabetes 1 and 2, hypertensive, dialysis patients). In addition, this study is a cohort study with repeated assessments of glycemic indicators using rigorous and standardized data collection methods, whereas most previous studies relied on a one-time assessment of glycemic measures. Moreover, the time interval of 5 years between the two study waves allowed assessment of glycemic indicators and their relationships with mental health over a longer-term period. Our study was limited by the high drop-out rate, wherein 303 participants in the baseline wave were lost to follow-up. However, there was no major difference between the responders and non-responders (23). It is also important to note that the primary cause for loss to follow-up was due to the inability to contact because of the change in their contact information. This suggests that, despite the reduction in sample size, the follow-up sample was still representative of the baseline sample and that the drop-out did not cause major systematic differences and selection bias. The drop in sample size may have hindered the detection of smaller magnitude associations and the performance of some sub-group analysis (e.g., controlled diabetes versus uncontrolled diabetes). Furthermore, the study sample remains a selective sample recruited from the capital and its surroundings, and thus it is not representative of the general population in Lebanon. Another important limitation is that the study included only one follow-up wave and importantly one assessment of mental health at the follow-up visit. This hindered the assessment of temporal relationships between glycemic indicators and mental health symptoms. The one-time assessment of mental health also makes it difficult to rule out reverse causality and the scenario that baseline mental health may have impacted baseline and subsequent glycemic markers, as discussed above. At the same time, the lack of cross-sectional association of mental health with glycemic indicators and presence of diabetes at follow-up suggests that it is possible that mental health at baseline may be similarly unrelated to baseline glycemic indicators; and, that the associations of FBG and diabetes with mental health might be more delayed and prolonged in time. Longitudinal studies with several repeated assessments of both glycemic and mental health measures are needed to better describe their temporal and longitudinal associations and to identify shifts to the clinical range and earlier associations. Another limitation concerns potential measurement error in assessing mental health given their subjective nature. Moreover, most of the other chronic diseases were self-reported, and thus limited in capturing undiagnosed or unknown prior occurrences of disease and residual confounding. Finally, stress and traumatic exposures (whether previous such as war exposures or exposure to current hardships) were not assessed in the study and; these exposures are prevalent in the Lebanese context and may influence both mental health and the occurrence of chronic diseases.





5 Conclusion

In summary, results from this community-based sample showed that adverse associations with higher glycemic levels and poorer mental health were not observed in the normal range of these indicators, but rather only in the clinical/diabetic range of FBG. Moreover, this association was observed with prior and not concurrent glycemic levels strengthening the rationale for longitudinal investigations of the relationship between glycemic indicators and mental health symptoms that can help identify temporal and earlier associations and their timing with regards to clinical/diabetic changes in glycemic indicators. A better understanding of the complex co-morbidity between diabetes and mental health disorders can have significant implications for these highly prevalent and burdensome conditions, particularly for improving their prevention, management, and consequences. Advancing this knowledge can aid in developing two-dimension strategies for managing diabetes and mental health simultaneously, which can be particularly important in low-resourced settings such as Lebanon. Our work also puts forward important questions regarding the clinical course of glycemic indicators, as only the clinical range was associated with depression and anxiety symptoms, advocating for prioritizing medical and lifestyle interventions for diabetes and glycemic control to better improve the consequences and mental health co-morbidities for patients with diabetes.
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“Medical conditions include the presence of any of: Dyslipidemia, coronary heart disease, stroke, cancer, thyroid disease.
FBG, Fasting Blood Glucose; HbAlc, Hemoglobin Alc; BMI, Body Mass Index.
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Male (%)

Female (%)
Education levels(years)
Duration of diagnosis(month)
HbAlc

Mean (SD), %

Mean (SD), mmol/mol
Total score of the BIT-C-14

Total score of the GAS
Total score of the BIT-C-11

Data are means + SD or percentages.

Sample A
296

63.51 +7.88

53.04 (157/296)
46.96(139/296)
9.45 £2.98

87.16 + 67.92

8.7(1.8)
72(20)
70.91 £ 22.86

19.83 £ 5.05
58.61 +22.50

Sample B
200

62.05 + 8.60

52.50 (105/200)
47.50 (95/200)
9.51 +2.81

86.08 + 64.42

8.6(1.6)

70(18)

56.46 + 17.30

n, the sample size; HbAlc, hemoglobin Alc; BIT-C-14, Chinese version of the BIT
questionnaire with 14 items; GAS, General Adherence Scale; BIT-C-11, Chinese version of
the BIT questionnaire with 11 items; Sample A, participants of the exploratory factor analysis;
Sample B, participants of the confirmatory factor analysis.





OPS/images/fendo.2023.1192108/table3.jpg
Items of the BIT-C-11 Component

2|10

Factor 1: “fear of injection and self-testing”

1. 1am afid of the pin when injctng nsulin 0896
2. Besidesth pan, 1 am afead of njctions. 0305
3.1 am afsid ofth pain doring regulr blood:sugar checks, o

Factor 2:“expected hardship from insulin treatment”

4.1 just donhave enough tme fo regola dosesofinsulin o062
5.1 can't pay s cose atention o my dict s nsulin trestment requires. o889
6.1 can' organize my day a careully s inulin trcatment eguies. os74

Factor 3: "stigmatization by insulin injections”

7. njectons in public ar embarrassng to me. Pills are more discree. 0903
5. Rogulr insulin testment causes focings o dependence o3
9. When people nject s, it mles them e ke drog addicts. oo

Factor 4: ‘fear of hypoglycemia”

10, An insulin overdose can lead 10 extremely low Blood sugar leels(hypogycemia) 1 am afaid ofthe

unpleasant accompanying symptoms.

1. An insulin overdose can lead 1o extemely low Blood:sugar el ("hypoglycemia). 1 have concerns

about possbe permancat damage o my helt,

Bigenvalue seu | 2089 1195
Variance exphined (%) S8 18810 10aes
Total varance explained (%) 90153

Extscon method: Priniplcomponcs sy (Kise'scigenvalo >1;Fourcomponcnts xtrscted: FactorLosdings > 040 are rorol.
IBIT.C:1, Chinese version of the BIT questionnsire with 11 lems: MSA, messures of sampling sdoquacys IC, enn's commanaliies

o

osss

1005

9173

o

o856

o810

0508

osi2

o

0857

o8

o

o7

o761

o098
o914

0931

osit

o0

o917

o1

0903

o301

0953

o090





OPS/images/fendo.2023.1192108/table4.jpg
Item Number. Mean:

i 5032259 0895
2 si6228 0893
3 922277 0594
4 4792295 ™
5 5632295 0893
6 5162299 o889
7 5402289 0599
s s052293 0597
9 5102301 0598
w0 29228 0900
u 605279 0897

Cronbcis @
10881-0916)

estretestrlsily: = 0810

BIT-C11, Chincseversion of the BIT questionn
bicm, 10C. intracluss comeltion coeficlent.

903

e wilh 11 iems; o, Cronback'  without






OPS/images/fendo.2023.1192108/fendo-14-1192108-g001.jpg
‘Component Number

oton: four factors have & Kalear's elgarvaiue 21; exbreation melod, pvincinel companant analysis.





OPS/images/fendo.2023.1192108/fendo-14-1192108-g002.jpg
0.36






OPS/images/fendo.2023.1192108/fendo-14-1192108-g003.jpg
071

‘0.8,

item 1

item 2

item 3

item 4

item 5

item 6

item 7

item 8

item 9

item 10]

item 11






OPS/images/fendo.2023.1192108/table1.jpg
Factors of the BIT Items of the BIT R
s e of injecton and self-csting 11 am afsd o the pain when incing insulin o6
2 Besides the pon, 1 amjostsfid of njctons. oer0
oese
2 cpecttons reardingpostv insulin | 4:Inuln worksbetter than pills. o7y ddete
ebied outcomes
5 Peope who gt insulin fe bt o216 ddete
6 nslincan rlsbly prevent ong-crm complications due 0 disbetcs. 0257 ddete
5 expected haship fom insalin 71 st don' have cnough e fo rgulr dosesof sl oy kep
e S8 cant pay a5 cose atenton o my dit 3 sl catment reuirs. 05| kep
551 cant organize my day a creuly a nslin reatment g, 0| ke
4:tigmatization by nsulin njctons 10: jectons i public ar embarasing 0 me. Pils ae mre dscect o | keep
11 Regalr nsln ratment casesfcings of ependence. o7 | ke
When propl nject nslin, t makes them o ik g addics o | ke
i fearof hypoglycemia 15 An insulin overdose can e toexeemely low bood-sugar evels Chypoghyceni”). L am afidof 0364 | keep
th unplesant accompanying ymptoms.
1 An nsulin overdose an e to extremely low bood-sugar s Chypogycemia®). 1 089 ke

have concerns about passble permanet damag to my health.

Careaion i sigrfcan: at the 001 e
BT, Brirs o sl Tretment Quesonnaie -1, Chinseversion of he BITquestionnare with 1 s . corrtion oefcent of ch emo the ol score o the BT
e or dlote






OPS/images/fendo.2023.1210756/table3.jpg
Category hs randomized
clinical trial

SD

STAI: State-Trait Anxiety Inventory.

STAI X1 score 32.12 7.84
STAI X1 sten 4.06 2.11
STAI X2 score 37.35 8.59
STAI X2 sten 4.18 2.7

GSES: Generalized Self-Efficacy Scale.
GSES score 32 4.31

GSES sten 7.31 1.45

QoL-Q Diabetes

Global QoL score 201.28 55.49
QoL family relationships/friendships 10 3.66
QoL going out or socializing 8.38 2.78
QoL partner/spouse relationship 9.67 4.16
I QoL enjoying sexual activity 8.83 32
QoL being physically active 8.89 2.83
QoL feeling well® 9.83 32
QoL feeling in control of my body 8.83 3.38
QoL looking good 7.67 2.59
QoL having holidays 9.22 3.54
QoL working® 10.41 3
QoL affording the things I would like 9 3.66
QoL driving 9.06 3.28
QoL practicing my religion 8.27 3.95
QoL sleeping 9.47 3.08
QoL eating as I would like 7 3.41
QoL looking after or being useful to others = 8.65 1.97
QoL pets/animals 8.75 3.79
QoL being independent 10.82 3.05
QoL being in control of my life 10.29 3.46
QoL being spontaneous 8.47 4.54
QoL doing a “normal” thing 9.88 3.82
QoL being treated as “normal” 9.29 4.25

QoL having confidence 9.35 337
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STAI: State-Trait Anxiety Inventory.

STAI X1 score 375 848 33.06 10.25 0.46 4.44 .08
STAI X1 sten 5.12 1.93 3.88 253 0.56 04
STAI X2 score 40.44 8.87 36.56 10.27 0.60 3.88 .02
STAI X2 sten 4.83 2.62 3.83 2.87 0.60 .02

GSES: Generalized Self-Efficacy Scale. ‘

GSES score 304 217 318 3.16 0.76 14 .03
GSES sten 6.9 0.88 7.1 0.99 0.32 42

Qol-Q Diabetes ‘

Global QoL score 18541 32.03 209.94 39.73 0.61 24.53 .02
QoL family relationships/friendships 9.65 324 ‘ 10.94 23 0.35 1.29 A7
QoL going out or socializing 8.5 234 10.06 2.08 0.50 1.56 .65
QoL partner/spouse relationship 9.82 311 10.76 331 032 0.94 20
QoL enjoying sexual activity 825 238 981 358 0.46 1.56 08
QoL being physically active 7.88 215 11.06 3.63 0.71 372 02
QoL feeling well® 7.71 3.14 10.94 295 0.73 2.93 <.01
QoL feeling in control of my body 7.71 239 9.88 3 0.72 2.17 <.01
QoL looking good 7.29 22 9.47 272 1.07 2.18 <.01
QoL having holidays 9.12 352 9.94 3.56 023 0.82 .36
QoL working® 729 1.99 9.76 2.56 112 247 <.01
QoL affording the things I would like 8.65 28 9.06 2.82 0.13 0.41 59
QoL driving 8.53 345 8.82 37 0.08 0.29 75
QoL practicing my religion 847 4.07 9 441 0.16 0.53 82
QoL sleeping 8.62 26 1031 338 0.66 1.69 01
QoL eating as I would like 5.06 2.62 8 397 0.79 2.94 <.01
QoL looking after or being useful to others = 9 228 10.69 241 0.65 1.69 .02
QoL pets/animals 7.69 2.02 10.15 3.18 0.95 2.46 <01
QoL being independent 9.44 3.1 10.62 2.68 0.32 1.18 0.22
QoL being in control of my life 8.94 3.02 10.12 2.36 0.39 1.18 14
QoL being spontaneous 6.27 2.74 8.67 342 0.67 24 02
QoL doing a “normal” thing 747 3 10.13 32 0.67 2.66 02
QoL being treated as “normal” 9.31 291 9.88 3.18 0.21 0.57 Al
QoL having confidence 8.88 2.16 10 2.88 0.59 112 .05
P<0.05.

Bold values mean statistically significant p-value.
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Characteristics 2005- 2007- 2009— 2011- 2013— 2015- 2017- P for

2006 2008 2010 2012 2014 2016 2018 trend

No. ofpanicipanlsb 1,902 2,400 2,645 2,317 2,354 2,191 2,282

Genetic domain

Family history of diabetes*, % 41.6 38.6 37.5 349 38.5 45.1 47.7 0.001

Demographic domain

Age, years 47.5 47.7 47.7 482 48.3 49.2 49.1 0.03

Male, % 47.8 48.2 47.9 47.6 47.5 47.1 48.5 0.94

Race and ethnicity?, %

Non-Hispanic White 72.7 72.3 69.1 68.2 66.8 66.6 64.7 0.02
Non-Hispanic Black 10.9 10.7 108 11.0 11.4 11.2 114 0.75
Hispanic 113 122 13.4 13.8 14.5 135 142 0.24
Other 5.1 4.8 6.6 6.9 7.4 87 9.6 <0.001

Social determinants of health domain

Marital status, %

Married 57.9 58.0 57.2 55.9 58.7 56.5 51.8 0.07
Widowed 59 6.5 6.3 52 5.9 59 59 0.65
Divorced 10.1 9.4 99 105 10.2 9.8 128 0.08
Separated 25 26 1.9 22 2.0 2.1 2.4 0.69
Never married 15.0 16.6 17.3 18.0 17.0 16.7 174 0.38
Living with partner 8.6 6.9 7.4 8.2 6.1 9.1 9.7 0.32

Education level, %

Less than high school 15.6 18.2 17.9 167 15.1 13.4 102 <0.001
High school graduate 260 24.9 21.8 199 20.4 229 27.1 093
Some college 32.7 28.3 29.6 315 33.0 30.8 32.1 0.52
College graduate or above 257 28.7 30.7 31.8 316 329 30.6 0.13

Employment status, %

Working at a job or business 63.4 614 59.1 59.7 584 587 594 007
With a job or business but not at work 35 27 26 17 15 32 21 015
Looking for work 12 19 39 44 2.7 33 32 0.003
Not working at a job or business 319 340 345 342 374 347 352 015
Ratio of family income to poverty 31 31 29 29 29 3.0 3.0 031
Born in 50 US states or Washington, DC, % 87.1 86.0 813 832 837 835 829 0.12
Total number of people in the household 29 29 31 3.0 31 30 3.0 026

Food security®, %

Full food security 84.3 82.7 78.5 75.0 76.4 71.9 69.3 <0.001
Marginal food security 7.6 7.0 8.4 9.2 9.4 112 118 <0.001
Low food security 54 6.8 7.6 9.0 83 97 9.8 <0.001
Very low food security 28 35 55 6.8 6.0 72 9.2 <0.001

Health insurance type, %

Private 67.4 69.5 64.9 61.3 61.7 653 60.2 0.01

Public only 14.6 143 14.8 19.4 19.9 223 266 <0.001

Uninsured 17.9 16.2 20.2 19.3 18.3 12.3 132 0.02
Routine place to go for healthcare, % 86.0 86.7 87.0 86.1 84.2 84.4 817 0.004

Lifestyle domain

Healthy Eating Index 2015 score 52.4 53.4 54.3 55.2 54.3 53.1 51.9 0.46

Leisure-time physical aclivily’, min/week 298.3 209.4 197.7 218.1 197.5 202.1 216.1 0.002

Cigarette smoking status, %

Never 49.1 53.0 55.9 56.3 56.0 54.1 56.6 0.02

Former 25.8 245 253 239 252 264 25.8 0.63

Current 25.1 22.5 188 19.8 18.8 19.5 17.6 0.001
Daily cigarettes smoked 39 35 23 24 2.1 22 2.0 <0.001

Alcohol consumption status, %

Never 10.7 115 108 9.9 12.7 124 6.4 0.14

Former 17.6 18.0 15.6 154 14.5 142 16.4 0.08

Current 717 70.5 73.7 74.8 72.9 734 77.2 0.02
Daily drinks consumed 0.6 0.4 0.5 0.5 0.4 0.5 0.5 0.25
Sleep hours at night 6.8 6.9 6.9 6.9 6.9 7.7 7.6 <0.001

Obesity domain

Body mass index?, kg/m? 289 28.6 29.0 29.0 29.6 29.8 29.7 <0.001

Waist circumference, cm 98.5 98.5 99.2 99.3 100.6 101.7 101.2 <0.001

Biological domain

Systolic blood pressure, mm Hg 122.7 120.6 1194 121.3 1213 1232 1233 0.005
Taking angiotensin-converting enzyme inhibitors, 10.9 12.4 133 13.3 14.1 14.6 11.2 0.26
%

‘Taking angiotensin II receptor blockers, % 58 8.0 6.7 5.4 6.9 8.0 7.5 0.18
Taking B blockers, % 11.2 11.2 11.9 12.2 11.5 12.2 15.4 0.01
‘Taking thiazides, % 9.2 8.8 9.4 103 9.5 89 78 0.42
Total cholesterol, mg/dl 198.2 196.2 1953 194.5 189.5 1915 187.3 <0.001
High-density lipoprotein cholesterol, mg/dl 55.6 529 53.9 53.3 53.6 55.7 53.9 0.86
Taking statins, % 14.8 17.5 18.4 19.4 214 208 20.7 <0.001

Psychosocial domain

Hours worked last week 268 26.0 23.8 23.8 23.7 235 23.9 0.002
Depression score 25 29 3.1 3.0 3.0 32 32 <0.001
Have trouble sleeping, % 25.0 257 259 27.6 28.8 30.9 343 <0.001

“Data are presented as proportions for categorical variables and means for continuous variables.

bUnweighted sample size.

“Including living and deceased, any blood relatives, including grandparents, parents, sisters, or brothers, were ever told by a health professional that they had diabetes.

4Race and ethnicity were determined by self-report in fixed categories.

©Adult food security status was measured through the US Household Food Security Survey Module, of which 10 questions for the adults in the household were used to create four response
levels, based on the number of affirmative responses to these questions.

The minutes spent on the vigorous-intensity physical activity was multiplied by two and added to the minutes spent on the moderate-intensity physical activity in a typical week to create weekly
‘minutes of moderate-intensity equivalent physical activity.

8Body mass index was computed as weight in kilograms divided by height in meters squared.

PPatient Health Questionnaire-9 was used to assess the severity of depressive symptoms over the past 2 weeks. The questionnaire has nine items with each having four response levels (not at all,
several days, more than half the days, nearly every day) and scoring from 0 to 3. The total score ranges from 0 (low depressive symptomatology) to 27 (high depressive symptomatology).





OPS/images/fendo.2024.1284799/table3.jpg
PHQ9 Items All-cause mortality All CVD

outcomes °

Q1: Little interest or pleasure in doing things
0.79 (0.56-1.11) 0.165 1.31 (0.95-1.80) 0.100 111 (0.93-1.34) 0.254
Q2: Feeling down, depressed or hopeless

1.01 (0.63-1.61) 0.970 0.85 (0.54-1.34) 0.494 1.11 (0.85-1.44) 0.450

Q3: Trouble falling or staying asleep, or sleeping too much

0.95 (0.75-1.20) 0.678 1.17 (0.95-1.46) 0.147 1.03 (0.91-1.17) 0.611
Q4: Feeling tired or having little energy

1.66 (1.30-2.12) <0.001 1.09 (0.84-1.42) 0.500 1.05 (0.90-1.22) 0.542
Q5: Poor appetite or overeating

1.05 (0.11-1.42) 0.771 0.99 (0.74-1.34) 0954 1.02 (0.86-1.22) 0.824
Q6: Feeling bad about yourself — or that you are a failure or have let yourself or your family down

1.08 (0.73-1.60) 0.699 1.04 (0.71-1.53) 0.826 0.90 (0.71-1.14) 0.370
Q7: Trouble concentrating on things, such as reading the newspaper or watching television

0.94 (0.69-1.28) 0.696 0.99 (0.72-1.35) 0.935 1.07 (0.90-1.26) 0.436

Q8: Moving or speaking so slowly that other people could have noticed, or so fidgety or restless that you have been moving a lot more
than usual

1.10 (0.77-1.57) 0.604 0.87 (0.56-1.33) 0505 095 (0.74-121) 0.655
Q9: Thoughts that you would be better off dead, or thoughts of hurting yourself in some way

1.72 (0.92-3.23) 0.089 1.70 (0.91-3.17) 0.094 0.60 (0.33-1.10) 0.098

Adjusted for age, gender, occupation status, highest education attained, smoking status, duration of diabetes, BMI, systolic and diastolic blood pressure, HbAlc, lipid profile (LDL-cholesterol,
HDL-cholesterol, triglycerides), Ln(ACR+1), GER, use of lipid lowering drugs, ACEI or ARB, other anti-hypertensive drugs, anti-diabetic drugs and insulin, adherence to balanced diet, physical
activity, level of medication adherence and self-monitoring of blood glucose in last 3 months and regular follow up in last 1 year, ED-5D-3L: Q1-Q4 (excluding Q5 on anxiety/depression).
All regressions on each PHQ-9 item were adjusted for other PHQ-9 items.

“Including IHD, PVD and stroke.

PCKD outcome (eGFR<60 ml/min/1.73m?): Ln(urine ACR+1) and eGFR were excluded as covariates.

Bold values represent p<0.05.
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Risk factors revalence ratio (95% ClI)

Base model 1.40 (1.14-1.72) [Reference]
Individual adjustment for each risk factor

Family history of diabetes 1.32 (1.10-1.59) 17.3 (5.4 t0 40.8)
Age 1.29 (1.07-1.55) 25.1 (8.4 t0 49.5)
Sex 1.40 (1.14-1.72) 0.3 (=2.0t02.2)
Race and ethnicity 1.37 (1.12-1.69) 5.9(1.8t0 12.6)
Marital status 1.42 (1.16-1.74) —3.8(~16.4t05.8)
Education level 1.46 (1.21-1.77) =127 (=27.3t0 —5.8)
Employment status. 135 (1.14-1.61) 9.9 (~1.5t022.1)
Ratio of family income to poverty 1.39 (1.13-1.70) 3.0 (-1.6t09.2)
Country of birth 140 (1.14-1.71) 12(0.1t03.5)
Total number of people in the household 141 (1.15-1.73) —24(-9.8t04.4)
Food security 1.36 (1.11-1.67) 8.7 (3.31021.0)
Health insurance type 1.28 (1.05-1.57) 25.7 (15.6 t0 47.9)
Routine place to go for healthcare 1.44 (1.18-1.76) —8.5(—20.7 to —1.5)
Healthy Eating Index 2015 score 141 (1.15-1.74) =2.0 (=63 to —0.1)
Leisure-time physical activity 1.33 (1.09-1.62) 16.4 (7.4 to 34.0)
Cigarette smoking 142 (1.16-1.74) —37(-14.0t0 4.1)
Alcohol consumption 1.43 (1.17-1.75) —6.8(~21.6t03.7)
Sleep hours at night 1.36 (1.11-1.67) 8.7 (=0.1t0 21.0)
Body mass index 1.31(1.09-1.58) 20.4 (5.6 to 44.0)
Waist circumference 1.25 (1.04-1.50) 33.6 (14.7 0 66.8)
Systolic blood pressure 1.37 (1.15-1.65) 56(—158t017.2)
‘Taking angiotensin-converting enzyme inhibitors 1.39 (1.15-1.69) 1.7 (~143 t0 15.5)
Taking angiotensin II receptor blockers 136 (1.13-1.64) 8.8 (—0.6t0 20.5)
Taking B blockers 1.32 (1.09-1.59) 18.5 (4.7 t0 37.1)
‘Taking thiazides 1.42 (1.18-1.72) —4.9(=175103.5)
Total cholesterol 1.33 (1.08-1.63) 159 (8.3t031.7)
High-density lipoprotein cholesterol 1.34 (1.09-1.65) 129 (1.6 t0 28.1)
Taking statins 1.25 (1.03-1.51) 346 (17.6061.7)
Hours worked last week 136 (1.13-1.63) 9.7 (=0.1t0 21.9)
Depression score 1.36 (1.11-1.67) 9.1 (4.7 t0 18.9)
Have trouble sleeping 1.34 (1.09-1.65) 124 (6.8t0222)

“Percent reduction in the f coefficient, an estimate to quantify the percent contribution of individual risk factors to the increasing prevalence of diabetes comparing 2017-2018 with 2005-2006,
was obtained through contrasting the two models under comparison: (Beg—Buc;)/B%100%. Byef was based on the base model which is a crude Poisson model not adjusted for any domains of
risk factors. Bygj was based on the model including individual risk factors compared with the base model. The 95% confidence intervals (95% Cls) were estimated by performing bootstrap
resampling (n = 200). To conservatively account for possible non-linear associations between risk factors and diabetes, a quadratic term was added for all the risk factors in continuous form.





OPS/images/fendo.2024.1357664/crossmark.jpg
©

2

i

|





OPS/images/fpubh-11-1174632/crossmark.jpg
(®) Check for updates





OPS/images/fpubh-11-1174632/fpubh-11-1174632-g001.gif
NHANGS Cycis

[ 1 [T
E T I T






OPS/images/fendo.2023.1210756/table1.jpg
Age [years] 409 £7.8
Diabetes duration [years] 18.7 +11.9
HbAc at enrolment [%) 71+0.9

BMI [kg/m’] 244 +3.0
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One-year follow-up period

Metrics Quarter 1 Quarter 2 Quarter 3 Quarter 4

Sensor glucose outcomes

Avg SG (mg/dL) 1323+7.1 133+ 9.8 1376 £ 11.8 136.3 £ 10.2 1348 £9.9
SD of SG (mg/dL) 412+ 5.1 413 £5.5 415+ 7.0 414 +73 414+ 6.2
GMI (%) 6.5+ 02 6.5+ 02 6.6+ 03 6.6+ 0.2 6.5+ 02
% of time SG <54 mg/dL 0.4+ 04 0.4+ 05 02+03 03+03 03+ 04
% of time SG <70 mg/dL 21+14 2115 14+13 15+ 12 17+ 14
% of time SG 70-180 mg/dL 848 + 44 84.1 £53 832+ 65 84.0 + 6.4 84.0 + 5.6
9%of time SG >180 mg/dL 114+ 35 120 £ 5.0 133 +57 123 +5.2 123 + 49
% of time SG >250 mg/dL 14+£10 15+ 1.1 19+17 20+17 17+14

SG, sensor glucose; SD, standard deviation; GMI, Glucose Management Indicator; N, number; Avg, average.
Values are presented by Mean + SD (Median).
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Models

Prevalence ratio (95% CI)

Base model® 1.40 (1.14-1.72) [Reference]
Individual adjustment for each domain
Base + genetic domain 1.32 (1.10-1.59) 17.3 (5.4 t0 40.8)

Base + demographic domain

1.22 (1.02-1.45)

41.5(24.4t0 76.8)

Base + social determinants of health domain

1.39 (1.17-1.66)

2.0(—19.1t0 19.4)

Base -+ lifestyle domain

136 (1.12-1.66)

8.0 (—11.410303)

Base + obesity domain

124 (1.04-1.49)

35.3 (158 t0 70.2)

Base + biological domain

1.20 (1.02-1.41)

46.2(21.6 t0 79.1)

Base + psychosocial domain

1.30 (1.08-1.57)

21.3(9.5t040.1)

Sequential adjustment for each domain

Base + genetic domain

1.32 (1.10-1.59)

17.3 (5.4 to 40.8)

Further including demographic domain

1.15 (0.97-1.36)

59.0 (362 to 112.4)

Further including social determinants of health domain

115 (0.97-1.36)

59.1 (334 t0 107.7)

Further including lifestyle domain

1.12 (0.95-1.32)

67.2 (385 t0 129.1)

Further including obesity domain

1.08 (0.93-1.25)

78.3 (49.1t0 150.3)

Further including biological domain

1.01 (0.88-1.17)

95.7 (62.7 to 163.2)

Further including psychosocial domain

1.01 (0.87-1.17)

97.3 (62.7 to 164.8)

Adjustment for all domains but excluding one domain

Excluding genetic domain

103 (0.89-1.20)

90.1 (57.9 to 154.9)

Excluding demographic domain

109 (0.95-1.27)

73.4 (425 to 124.5)

Excluding social determinants of health domain

1.01(0.87-1.17)

97.2(65.6 to 168.4)

Excluding lifestyle domain

1.01 (0.88-1.17)

96.2 (64.0 to 154.9)

Excluding obesity domain

1.03 (0.87-1.21)

92.2(57.9t0 159.7)

Excluding biological domain

1.06 (0.91-1.24)

81.7 (52.8 to 153.1)

Excluding psychosocial domain

101 (0.88-1.17)

95.7 (62.7 to 163.2)

Adjustment for non-modifiable and modifiable domains

Base + non-modifiable domains

1.15(0.97-1.36)

59.0 (362 to 112.4)

Base + modifiable domains

1.12 (0.96-1.31)

64.7 (40.1 to 110.0)

*Percent reduction in the B coeflicient, an estimate to quantify the percent contribution of individual and collective domains of risk factors to the increasing prevalence of diabetes comparing
2017-2018 to 20052006, was obtained through contrasting the two models under comparison: (Byet —Bud)/B100%. Byer was based on the base model. fygj was based on the model including
one or more risk factor domains compared with the base model. The 95% confidence intervals (95% Cls) were estimated by performing bootstrap resampling (n = 200). To conservatively

account for possible non-linear associations between risk factors and diabetes, a quadratic term was added for all the risk factors in continuous form.
bBase model is the crude Poisson model not adjusted for any domains of risk factors.
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No depression Depression
(n = 3988) (n = 537)

Mean or Mean or
Frequency Frequency

Demographics

Age (years) 55.9 10.6 544 10.6 0.001
Gender (Male) 2287 57.3% 259 47.3% <0.001
Occupation status <0.001
Employed 2215 55.5% 247 46.0%
Unemployed 1770 44.4% 290 54.0%
Highest education attained 0.016
Primary school, illiterate or others 913 22.9% 148 27.6%
Middle school 1855 46.5% 259 48.2%
Higher school 384 9.6% 44 8.2%
College or above 815 20.4% 86 16.0%

Clinical risk factors

Duration of diabetes (years) 8.6 7.5 92 7.8 0.064
Body mass index (kg/m?) 262 474 265 49 0.172
Systolic blood pressure (mmHg) 130 17.1 130 186 0.940
Diastolic blood pressure (mmHg) 75.1 108 75.5 113 0.364

Self-care and patient-reported outcomes

Use of tobacco 0.155
Non-smoker 2883 72.3% 394 73.4%
Current smoker 472 11.8% 74 13.8%
Ex-smoker 630 15.8% 68 12.7%
Missing 3 0.1% 1 0.2%
Regular physical activity in last 3 months <0.001
No regular physical activity 1464 36.7% 265 19.3%
1-3 times per week 829 20.8% 95 17.7%
3-4 times per week 337 8.4% 41 7.6%
5 times per week 175 4.4% 11 2.0%
>5 times per week 1140 28.6% 124 23.1%
Missing 3 0.1% 1 0.2%
Adherence to a balanced diet in last 3 months 0.396
Never 85 2.1% 16 3.0%
No 286 7.2% 48 8.9%
Occasional 1670 41.9% 219 40.8%
Yes 1936 48.5% 252 46.9%
Missing 11 0.3% 2 0.4%
Self-monitoring of blood glucose 2942 73.8% 400 74.5% 0.091

Self-care and patient-reported outcomes

Missing 288 7.2% 50 9.3%

Having regular follow-up 3820 95.8% 521 97.0% 0.383
Missing 1 0.0% 0 0%

EQ-5D-3L domains®

Mobility <0.001
No problems in walking about 3785 96.3% 427 80.7%
Some problems in walking about 137 3.5% 100 18.9%
Confined to bed 2 0.1% 2 0.4%
Missing 64 1.6% 8 1.5%
Self-care <0.001
No problems with self-care 3884 99.1% 498 94.1%
Some problems washing or dressing myself 34 0.9% 28 5.3%
Unable to wash or dress myself 2 0.1% 2 0.4%
Missing 68 1.7% 8 1.5%
Usual activities <0.001
No problems with performing my usual activities 3812 97.1% 430 81.3%
Some problems with performing my usual activities 109 2.8% 93 17.6%
Unable to perform my usual activities 3 0.1% 6 11%
Missing 64 1.6% 8 1.5%
Pain/discomfort <0.001
No pain or discomfort 2655 67.8% 180 34.0%
Moderate pain or discomfort 1218 31.1% 310 58.6%
Extreme pain or discomfort 44 11% 39 7.4%
Missing 71 1.8% 8 1.5%
Anxiety/depression <0.001
Not anxious or depressed 3405 87.1% 169 32.0%
Moderately anxious or depressed 498 12.7% 330 62.5%
Extremely anxious or depressed 6 0.2% 29 5.5%
Missing 79 2.0% 9 1.7%
Medication adherence <0.001
Self-rated medication adherence score (0-100%) 924 122 88.5 16.8

Missing 218 55% 29 54%
Use of medications ‘
Lipid lowering drugs 2272 57% 308 57.4% 0.866
Antihypertensive drugs including ACEIs or ARBs 2524 63.3% 351 65.4% 0.349

Use of medications

Insulin 1011 25.4% 183 34.1% <0.001
Oral anti-diabetic drugs 3505 87.9% 477 88.8% 0.530
Laboratory results

HbAlc (%) 7.6 15 79 1.8 l 0.005
LDL-cholesterol (mmol/L) 24 0.7 24 0.8 0.097
HDL-cholesterol (mmol/L) 13 0.4 13 0.4 0.237
Triglyceride (mmol/L) L6 11 17 17 0.014
Spot urine albumin creatinine ratio (mg/mmol) © 12 0.5-3.9 1.5 0.6-6.5 <0.001
eGFR (mL/min, 1.73m%)" 927 147 94.1 156 0.028

Clinical outcomes

Follow up duration © 56 4.5-6.2 54 4.3-6.1 0.408
All-cause mortality 115 2.9% 26 4.8% 0.014
All cardiovascular outcomes 133 3.3% 31 5.8% 0.005
Ischaemic heart disease 75 1.9% 20 3.7% 0.005
Chronic kidney disease 459 11.5% 74 13.8% 0.125

EQSD-3L items were rated on the following scale: 1-no problem, 2-some problems to 3-extreme problems.
PeGER = glomerular filtration rate from CKD-EPI equation.

“Median and Interquartile range.

ACEL angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker.

Bold values represent p<0.05.
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Clinical outcomes Depression (n = 537) P-value

All-cause mortality (n=141)

Unadjusted 1.75 (1.14-2.68) 0.010
Model 1 | 1.97 (1.27-3.06) | 0.003
Model 2 1.94 (1.24-3.03) 0.004
Model 3 1.77 (1.09-2.88) 0.022
Model 4 1.54 (0.91-2.60) 0.108

All cardiovascular disease ? (n=164)

Unadjusted 1.80 (1.22-2.67) | 0.003
Model 1 | 1.97 (1.32-2.96) 0.001
Model 2 1.86 (1.24-2.80) 0.003
Model 3 2.04 (1.32-3.16) 0.001
Model 4 1.99 (1.25-3.18) | 0.004

Ischaemic heart disease (n=95)

Unadjusted 2.06 (1.26-3.38) 0.004
Model 1 241 (1.44-4.04) <0.001
Model 2 2.37 (1.41-3.99) 0.001
Model 3 2.83 (1.62-4.94) | <0.001

Model 4 2.29 (1.25-4.21) 0.008

Chronic kidney disease (n=533) °

Unadjusted 1.24 (0.97-1.58) 0.087
Model 1 1.24 (0.96-1.61) 0.100
Model 2 1.22 (0.95-1.58) 0.125
Model 3 1.14 (0.87-1.51) 0.344
Model 4 1.04 (0.77-1.40) | 0.820

Model 1: Adjusted for age, gender, occupation status, highest education attained, smoking
status, duration of diabetes, BMI, systolic and diastolic blood pressure, HbA g, lipid profile
(LDL cholesterol, HDL cholesterol, triglycerides).

Model 2: Model 1 + adjusted for Ln(ACR+1), eGFR, use of lipid lowering drugs, ACEI or ARB,
other anti-hypertensive drugs, anti-diabetic drugs and insulin.

Model 3: Model 2 + adjusted for adherence to balanced diet, physical activity, level of
medication adherence and self-monitoring of blood glucose in last 3 months and regular
follow up in last 1 year.

Model 4: Model 3 + adjusted for ED-5D-3L Q1-Q4 (excluding Q5 on anxiety/depression)
“Including IHD, stroke and PVD.

®Models 1-4 for CKD outcome (eGFR<60 ml/min/1.73m?), Ln(urine ACR+1) and eGFR were
excluded as covariates.

Bold values represent p<0.05.
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Total N (2 studies measures

both depression and anxiety) 14 &
Study Design
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China 3 '
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g 1 '
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Participant Mental NAFLD Diagnosis = Summarized Main

Characteristics ~ Health Study Findings
Assessment
Method
Balp et al. European Cross- Total sample: n = 184 Self-Reported Self-reported Depression and anxiety diagnosis was
(2019) Sectional (male: 57.1%) physician diagnosis greater in the NASH cohort, compared to
(43) Age: 54.5 (13.1) years the matched general population, with a
Depression: n = 57 significant burden to HRQoL.

Anxiety: n = 59

Canivet France Prospective Total sample: n =388* BDI Liver Biopsy Participants with severe obesity had more
et al. (2020) cohort study | (female: 81%) HADS severe BED and depression compared to
(44) Age: 40 (30-50) lean individuals, independent of

*A sub-sample of 183 NAFLD severity.

patients were selected
from the initial sample
of 388 and were tested

for depression.
Depression: n =

62 (BDI)
83 (HADS)
Castellanos- ~ Cuba Cross- Total sample: n =221 Other diagnosis | Liver biopsy or imaging | Fatigue, anxiety, depression and abdominal
Fernindez Sectional (female: 67.9%) (eg pain represented the strongest independent
etal. Age: 54 (11.3) years medical history) predictors of HRQoL among participants.
(2021) Depression: n = 86
(45) Anxiety: n = 124
Choi et al. South Retrospective  Total sample: n = BDI Ultrasonography NAFLD was significantly and independently
(2021) Korea Cross- 7,846 (male: 78.63%) STAI associated with depression. Steatosis stage
(46) Sectional Age: 50.5 (10) years had significant associations with both state
Depression: n = 335 anxiety and trait anxiety in women.

State Anxiety: n = 541
Trait Anxiety: n = 162

Doward USA Qualitative Total sample: n = 43 Self-Reported Liver biopsy or Depression was one of the most frequently
etal. (female: 66.65%) phenotypic diagnosis reported comorbidities (>25% mentioned
(2021) Age: 53.25 (10.2) years feeling depressed and anxious due
(47) Depression: n = 13 to NASH).
Anxiety:n = 8
Elwingetal. |~ USA Case- Total sample: n = 36 DSM-IV Liver Biopsy Lifetime rates of major depressive disorder
(2006) control study | (female: 58.3% and general anxiety disorder were
(48) Age: 48.8 (2.01) years significantly increased in patients with
Depression: n = 20 NASH, and were associated with advanced
Anxiety: n = 18 histological hepatic abnormalities.
Fillipovic, Serbia Case- Total sample: n = 40 HAM-D Abdominal ultrasound Patients with NAFLD had a higher risk of
Markovic & control study | (male: 55%) depression compared to those without.
Duric Age: 47.88 (6.07) years
(2018) Depression: n = 33
(49)
Forlano UK Service Total sample: n = 81 Other Diagnosis Not reported Participants with BED experienced more
et al. (2021) Evaluation (female: 61.73%) eg frequent depression than those without.
(50) Project Age (with BEDs): 52 Medical History
(45-57.5) years
Age (without BEDs):
59 (49-63) years
Depression: n = 15
Glass et al. USA Intervention Total sample: n = 248 Other Diagnosis Ultrasound, computed Depression was independently associated
(2021) Study (female: 54%) eg tomography, or with high-risk behaviors (e.g. unhealthy diet
(51) Age: 53.5 (44-62) years  Medical History magnetic and sedentary behavior) among people
Depression: n = 100 resonance imaging with NAFLD.
Huang et al. = China Cross- Total sample: n = Other Diagnosis Ultrasound, computed Depression, and factors such as disease
(2021) Sectional 5,181 (male: 65.8%) eg tomography, and severity, CVD and diabetes, influenced
(52) Age: 438 (133) years | Medical History | magnetic resonance HRQoL based on the CLDQ-NAFLD.
Depression: n = 135 imaging in 24 months or
liver biopsies in
36 months.
Jung et al. South Cross- Total sample: n = CES-D Abdominal ultrasound NAFLD, both in terms of presence and
(2019) Korea sectional 31,635 (male: 77.38%) severity was associated with
(53) Age: 4125 (7.15) years depressive symptoms.
Depression: n = 2,870
Kang et al. South Cross- Total sample: n = PSI Ultrasound Perceived stress levels were associated with
(2020) Korea Sectional 47,538 (male: 76.6%) the NAFLD prevalence, even after
(54) Age: 42 (9.1) years controlling for behavioral metabolic, &
Stress: n = 36,555 socioeconomic, factors (stronger association
in men, and in participants with obesity).
Khoonsari Iran Cross- Total sample: n = 206 Self-Reported Ultrasonography Anxiety and gastrointestinal problems were
et al. (2017) Sectional (male: 52.9%) common in patients with NAFLD.
(55) Age: 41.2 (8.3) years
Anxiety: n = 181
Labenz Germany Retrospective | Total sample: n = ICD-10 Not specified NAFLD was identified as an independent
etal. cohort study | 19,871 (male: 57.5%) risk factor for depression and anxiety.
(2020) Age: 585 (14.2) years
(56) Depression: n = 4,173
Anxiety: n = 1,590
Lee & Park Korea Cross- Total sample: n = PHQ-9 Hepatic steatosis index Adults with depression had a higher risk of
(2021) Sectional 4,688 (female 61.6%) NAFLD, with depression also being
(57) Age: 48.25 (0.75) years associated to insulin resistance.
Depression: n = 422
Lee et al. USA Cross- Total sample: n = 497 PHQ-9 NAFLD defined by the Depression was not found to be
(2013) Sectional (female: 55%) absence of any other independently associated with NAFLD at a
(58) Age: 49.62 (0.72) years causes of CLD population level after controlling for other
Depression: n = 148 confounding factors.
Magalhaes Brazil Case- Total sample: n = 26 HAM-A Ultrasonography Findings did not identify significant
etal. control study (female: 89.1%) LSSI associations between NAFLD and anxiety
(2020) Age: 37 (8.9) years or stress, although all participants with
(59) Anxiety: n = 21 NAFLD had some level of anxiety.
Stress: n =6 No significant association between NAFLD
and stress was identified.
Moonetal. | USA Prospective Total sample: n = Other Diagnosis  Liver biopsy and/or Opioid use was identified in 1 out of 5
(2021) cohort study | 3,474 (female: 58.9%) eg pragmatic patients with NAFLD and was more
(60) Age: 56.9 (12.96) years Medical History case definitions common in those with depression, anxiety,
Depression: n = 1,333 and severe liver disease.
Anxiety: n = 925
Patel et al. Australia Prospective Total sample: n = 95 Self-Reported Ultrasound Adults with NAFLD and T2DM had at least
(2017) cohort study (male: 61%) two other chronic conditions, with the most
(61) Age: 59.6 (94) years common being metabolic syndrome and
Depression: n = 42 self-reported depression.
Patel et al. Australia Cross- Total sample: n = 151 Self-Reported Ultrasound Self-reported depression was highly
(2017) Sectional (male: 63.6%) prevalent and more common in those with
(62) Age: 60.7 (10.3) years moderate alcohol consumption.
Depression: n = 72
Sayiner USA Cross- Total sample: n = 1CD-10 ICD-9/ICD-10 Codes Depression was among the most common
etal. sectional 1,980,950 (female: extra-hepatic diseases identified.
(2020) 54.7%)
(63) Age: 70 (11.11) years
Depression: n
= 188,307
Shaheen United Retrospective  Total sample: n = Other Diagnosis ~ Read Codes No significant difference in liver disease
etal. Kingdom cohort study | 19,053 (female: 54.7%)  e.g. progression among patients with NAFLD
(2021) Age: 54.1 (12.7) years Medical History and ALD in relation to major
(64) Depression: n = 3,061 depressive disorder.
Surdea- Romania Cross- Total sample: n = 63 BDI Abdominal Ultrasound | No significant relationship between
Blaga & Sectional (female: 60.3%) depression/anxiety and NAFLD. Anxiety
Dumitragcu Median Age: 46.4/50.1 and depression are common in the
(2011) years (men/women) studied region.
(65) Depression: n = 36
Takahashi Japan Retrospective Total sample: n = 24 CES-D Ultrasonography Potential association between decreased
etal. cohort study (female: 100%) brain activity and NAFLD, regardless
(2017) Age: 54 (47-61) years of depression.
(66) Depression: n = 1
Tomeno Japan Retrospective  Total sample: n = 258 DSM-IV Liver biopsy The comorbid state of MDD was associated
etal. cohort study (male: 53.1%) with more severe histological steatosis and
(2015) Age: 48.6 (13.25) years worse treatment outcomes in NAFLD.
(67) Depression: n = 32
Tutunchi Iran Case- Total sample: n = 95 BDI Ultrasonography Higher prevalence of depression in those
etal control study (female: 56.8%) with NAFLD, compared to those
(2021) Age: 48.8 (5.9) years without NAFLD.
(68) Depression: n = 44
Weinstein USA Cross- Total sample: n = 184 Self-Reported Pathology and/or Patients with NAFLD and HCV had higher
etal. Sectional (female: 69.4%) radiologic testing depression prevalence compared to
(2011) Age: 467 (11.2) years individuals with HBV and the depression
(69) Depression: n = 50 rates among the general population.
Yang et al. USA Cross- Total sample: n = 595 PHQ-9 Liver steatosis in the Depression was an independent predictor
(2021) Sectional (female: 53.2%) absence of possible for MAFLD risk, with a positive
(70) Age: 59.9 (0.7) years secondary causes of relationship between depression and
Depression: n = 65 fatty liver. MAFLD in middle-aged and older adults.
Younossi USA Cross- Total sample: n = Other Diagnosis Histologic evidence NASH was associated with significant
etal. Sectional 1,338 (female: 53.1%) eg. impairment on patient reported outcomes
(2019) Age: 57 (8.9) years Medical History and well-being.
(71) Depression: n = 339
Anxiety: n = 260
Younossi USA Cross- Total sample: n = Other Diagnosis Liver biopsy Depression or a nervous system disorder
etal. Sectional 1,222 (female: 56.7%) eg. were associated with fatigue and increased
(2020) Mean Age: 57.8 years  Medical History likelihood to report pruritus.
(72) Depression: n = 272
Anxiety: n = 335
Youssef USA Cross Total sample: n =567  HADS Histological diagnosis Subclinical and clinical depression was
etal. Sectional (female: 67%) of NAFLD noted in 53% and 14% of patients,
(2013) Age: 48 (1.1) years respectively. Increased severe depression
(73) Depression: n = 80 symptoms were associated with a greater
Anxiety: n = 143 likelihood of severe hepatocyte ballooning.

ALD, Alcoholic Liver Disease; BDI, Beck Depression Inventory; BED, binge eating disorder; BMI, Body Mass Index; CES-D, Centre for Epidemiological Studies-Depression; CLDQ, Chronic
Liver Disease Questionnaire; CVD, Cardiovascular Disease; DSM-IV, Diagnostic and Statistical Manual of Mental Health Disorders; HADS, Hospital Anxiety and Depression Scale; HAM-A,
Hamilton Anxiety Rating Scale; HAM-D, Hamilton Depression Rating Scale; HBV, Hepatitis B; HCV, Hepatitis C; HRQoL, Health-Related Quality of Life; ICD, International Classification of
Diseases; LSSI, Lipp’s Stress Symptoms Inventory; MAFLD, Metabolic Dysfunction-Associated Fatty Liver Disease; NAFLD, non-alcoholic fatty liver disease; PHQ-9, Patient Health
Questionnaire; PSI, perceived stress inventory; STAL State-Trait Anxiety Inventory; T2DM, Type 2 Diabetes Mellitus. Age is reported as mean (Standard Deviation or range), or median
(Interquartile Range) based on available data reported by each study.
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A. Baseline Fasting Blood Glucose levels and depression symptoms  B. Follow-up Fasting Blood Glucose levels and depression symptoms
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Events per 100

Study Depression Total observations Events 95%-Cl Weight
Validated Measures (inc. DSM-IV and ICD-10) g

Choi (2021) 335 7846 427 [3.83; 474 3.7%
Takahashi (2017) 1 24 H— 417 [0.11;21.12] 3.1%
Lee (2021) 422 4688 9.00 [8.20; 9.86] 3.7%
Jung (2019) 2870 31635 907 [8.76; 9.39] 3.7%
Sayiner (2020) 188307 1980950 [1] 951 [947;, 955] 3.7%
Yang (2021) 65 595 1092 [853:13.71] 3.7%
Tomeno (2015) 32 258 R 1240 [8.64;17.06] 3.6%
Youssef (2013) 80 567 H 14.11 [11.35;17.25] 3.7%
Labenz (2020) 4173 19871 ]: 21.00 [20.44;21.57] 3.7%
Lee (2013) 148 497 E—‘r 29.78 [25.79;34.01] 3.7%
Tutunchi (2021) 44 95 —— 46.32 [36.02; 56.85] 3.5%
Canivet (BDI) (2020) 99 183 4 54.10 [46.59;61.47] 3.6%
Elwing (2006) 20 36 L — 55.56 [38.10;72.06] 3.2%
Surdea-Blaga (2011) 36 63 —— 57.14 [44.05;69.54] 3.4%
Filipovié (2018) 33 40 —FF—  82.50 [67.22;92.66] 3.3%
Random effects model 2047348 = 24.76 [13.66; 37.82] 53.2%

Heterogeneity: /> = 100%, t> = 0.0745, p = 0

Self-Reported

Weinstein (2011) 50 184 —E— 27.17 [20.89; 34.21] 3.6%
Doward (2021) 13 43 —E— 30.23 [17.18;46.13] 3.3%
Balp (2019) 57 184 E— 30.98 [24.38; 38.20] 3.6%
Patel (2017) 42 95 —— 4421 [34.02;54.77] 3.5%
Patel (2017) 2 151 - 47.68 [39.50;55.96] 3.6%
Random effects model 657 = 35.97 [27.82; 44.54] 17.6%

Heterogeneity: I = 80%, t> = 0.0075, p < 0.01

Other Diagnosis (e.g. Medical History)

Huang (2021) 135 5181 261 [2.19; 3.08] 3.7%
Shaheen (2021) 3061 19053 16.07 [15.55;16.59] 3.7%
Forlano (2021) 15 81 =+ 18.52 [10.75;28.70] 3.5%
Younossi (2019) 339 1338 25.34 [23.02;27.76] 3.7%
Younossi (2020) 431 1669 25.82 [23.74;27.99] 3.7%
Moon (2021) 1333 3474 38.37 [36.75;40.01] 3.7%
Castellanos-Fernandez (2021) 86 997 = 3 38.91 [32.45;45.68] 3.6%
Glass (2021) 100 248 - B 40.32 [34.16;46.72] 3.6%
Random effects model 31265 = 24.09 [14.37; 35.39] 29.2%
Heterogeneity: /> = 100%, t> = 0.0312, p = 0 :

Random effects model 2079270 ——— 26.32 [19.26; 34.04] 100.0%
Heterogeneity: /> = 100%, t> = 0.0491, p = 0

Test for subgroup differences: Xg =384,df=2(p=0.15) 0 20 40 60 80 100
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Age, mean (SD) 56.2 (7.5) 552 (7.5) 54.5 (7.5) 53.7 (5.9) 555 (7.5)

Sex n (%)
Male 163 (41.3) 18 (30.0) 122 (63.9) 21 (56.8) 324 (47.4)
Female 232 (58.7) 42 (70.0) 69 (36.1) 16 (43.2) 359 (52.6)

Household income n (%)

Lower income level (<49,999 ) 123 (31.1) 23 (383) 55 (28.9) 20 (54.1) 221 (324)
Middle income level (50,000 - 149,999 $) | 231 (58.5) 33 (55.0) 117 (61.9) 15 (40.5) 396 (58.0)
High income level (>150,000 $) 41 (10.4) 1(67) 19 (9.9) 2(54) 66 (9.7)

Postsecondary education n (%)

No 89 (22.5) 19 (31.7) 51(26.7) 15 (40.5) 174 (25.5)
Yes 306 (77.5) 41 (68.3) 140 (73.3) 22 (59.5) 509 (74.5)
Born in Canada n (%)

No 43 (10.9) 14 (23.3) 11 (5.8) 2(5.4) 70 (10.2)
Yes 352 (89.1) 46 (76.7) 180 (94.2) 35 (94.6) 613 (89.8)
Ethnicity n (%)

Other 25 (6.3) 10 (16.7) 6(3.1) 5(10.9) 60 (6.7)
White 370 (93.7) 50 (83.3) 185 (96.9) 32 (86.5) 637 (93.3)

Marital status n (%)

Married/partner 270 (68.4) 38 (63.3) 128 (67.0) 26 (70.3) 462 (67.6)
Single 53 (13.4) 9 (15.0) 31(16.2) 7 (18.9) 100 (14.6)
Divorced/separated/widowed 72 (18.5) 13 (21.7) 32 (16.8) 4(10.8) 121 (17.7)

Daily alcohol consumption n (%)
No 342 (86.6) 55 (91.7) 179 (93.7) 35 (94.6) 611 (89.5)
Yes 53 (13.4) 5(83) 12 (6.3) 2(54) 72 (10.5)

Smoking status n (%)

Daily and occasional 45 (11.4) 11 (18.3) 38 (19.9) 8 (21.6) 102 (14.9)
Past smoking 184 (46.6) 19 (31.7) 82 (42.9) 16 (43.2) 301 (44.1)
Never smoking 166 (42.0) 30 (50.0) 71 (37.2) 13 (35.1) 280 (41.0)

Physical activity n (%)

Yes 152 (38.5) 17 (28.3) 83 (43.5) 9(243) 261 (38.2)
No 243 (61.5) 43 (71.7) 108 (56.5) 28 (75.7) 422 (61.8)
UPF consumption grams/day, mean (SD) | 112.0 (49.7) 1187 (46.8) 601.8 (628.0) 615.2 (478.2) 276.9 (421.0)
BMI, mean (SD) 27.8 (54) 29.0 (6.6) 29.8 (5.9) 31.0 (6.2) 286 (59)
Diabetes complication n (%) 52 (13.2) 10 (16.7) 34(17.8) 9 (24.3) 105 (15.4)

Results reported as mean + SD for continuous data and n (%) for categorical data.

LUND, lower/middle tertile of ultra-processed foods consumption and low depressive symptoms; LUD, lower/middle tertile of ultra-processed foods consumption and high depressive
symptoms; HUND, higher tertile of ultra-processed foods consumption and low depressive symptoms; HUD, higher tertile of ultra-processed foods consumption and high depressive symptoms;
UPFs, Ultra-processed foods.
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N  Unadjusted Model, HR Age- and Sex-Adjusted Model, HR  Fully Adjusted Model, HR

(95% Cl) (95% CI) (95% ClI) *

Model 1: UPFs consumption univariate association

Lower tertile of 227 Reference Reference Reference
UPFs consumption

Middle tertile of 228 0.99 (0.60 -1.63) 1.08 (0.65 -1.79) 1.15 (0.69 - 1.93)
‘UPFs consumption

Higher tertile of 228 132(083-221) 154 (0.95 -2.50) 156 (0.92 - 2.62)
UPFs consumption

Model 2: Depression univariate association

PHQ-9 summary score (< 586  Reference Reference Reference

6) Low

PHQ-9 summary score (>= 97 157 (0.95 -2.59) 1.63 (0.98 - 2.71) 145 (0.84 - 2.51)
6) High

Model 3: Antidepressant use univariate association

Anti-depressant use NO 625  Reference Reference Reference

Antidepressant use YES 58 1.54 (0.86- 2.78) 1.57 (0.87 - 2.81) 1.61 (0.86 — 3.00)
UPFs, Ultra-processed foods; PHQ-9, Patient Health Questionnaire-9.

“Fully adjusted model is adjusted for the following variables: age, sex, household income, education, ethnicity, born in Canada, smoking status, physical activity, daily alcohol consumption
and BMI.
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Model 1 UPFs consumption lower & middle tertile combined and depressive symptoms joint association

Groups N Incident Unadjusted Age- and Sex-Adjusted Fully Adjusted Model, HR
complications Model, (95% ClI)
(N) HR (95% Cl)

LUND 395 52 Reference Reference Reference

LUD 60 10 1.49 (0.75- 2.94) 1.48 (0.75 - 2.94) 1.39 (0.69- 2.80)

HUND 191 34 1.29 (0.83 -2.00) 1.40 (0.90 - 2.20) 141 (0.8 - 2.25)

HUD 37 9 2.07 (1.02 - 4.20) 243 (1.18 - 4.99) 2.07 (0.91 - 4.70)

Model 2 UPFs consumption lower & middle tertile combined and depressive symptoms/Antidepressant use joint association

LUNDA 367 49 Reference Reference Reference

LUDA 88 13 1.30 (0.70 - 2.42) 1.29 (0.70 - 2.40) 1.30 (0.69 - 2.45)
HUNDA 179 29 1.16 (0.73 -1.84) 1.25 (0.78 - 2.01 1.27 (0.78 - 2.09)
HUDA 49 14 2.37 (1.30 - 4.30) 2.82(1.53 - 5.18) 259 (1.32 - 5.06)

*Fully adjusted model is adjusted for the following variables: age, sex, household income, education, ethnicity, born in Canada, smoking status, physical activity, daily alcohol consumption
and BMI.

LUND, lower/middle tertile of ultra-processed foods consumption and low depressive symptoms; LUD, lower/middle tertile of ultra-processed foods consumption and high depressive
symptoms; HUND, higher tertile of ultra-processed foods consumption and low depressive symptoms; HUD, higher tertile of ultra-processed foods consumption and high depressive symptoms;
LUNDA, lower and middle tertile of ultra-processed foods consumption and low depressive symptoms and no antidepressant use; LUDA, lower and middle tertile of ultra-processed foods
consumption and high depressive symptoms or antidepressant use; HUNDA, higher tertile of ultra-processed foods consumption and low depressive symptoms and no antidepressant; HUDA,
higher tertile of ultra-processed foods consumption and high depressive symptoms or antidepressant.
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Crude Odds (95% CI) Adjusted # Odds (95% ClI) P-value

Ratio Ratio
Race/Ethnicity
Non-Hispanic White Ref - - Ref - -
Non-Hispanic Black 0.60 (0.34-1.06) 0.082 0.63 (0.30-1.31) 0214
Hispanic 0.57 (0.30-1.08) 0.085 0.76 (0.37-1.53) 0.441
Other L15 (0.54-2.39) 0.713 0.98 (0.47-2.01) 0.953
Gender 7
Male Ref - - Ref - -
Female 1.35 (0.90-2.00) 0.137 1.66 (0.76-3.59) 0.194
Education
Less than High School Ref - - Ref - -
High School Graduate 1.06 (0.51-2.18) 0.875 114 (0.49-2.64) 0.758
Some College 0.86 (0.46-1.58) 0.626 1.41 (0.66-2.99) 0.359

Family Income

Less than $20,000 Ref b = Ref - -

$20,000 to $49,999 121 (0.77-1.91) 0399 141 (0.80-2.46) 0227
50,000 to $74,999 085 (0.40-1.77) 0656 117 (0.46-2.94) 0728
$75,000 or More 070 (0.38-1.28) 0245 0.79 (0.41-1.52) 0.481

Sexual Identity

Heterosexual Ref - - Ref - -

LGB 291 (1.80-4.70) <.0001 2.47 (1.36-4.47) 0.004

LGB, lesbian, gay, bisexual; Ref, reference.
*Adjusted model included sex, race/ethnicity, education, family income, marital status, sexual identity, health insurance, general health, comorbidities, current school enrolment, dorm status,
census region, substance use disorder, and disability.
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Food groups Contribution to total Daily amount

(n= 37) ultra-processed consumed
foods intake (%) * mean g/d (SD)

Beverages (n=7)

Dairy beverages 4.2 11.6 (38.8)
Soft/isotonic drinks 512 141.8 (384.3)
Fruit drinks 3.1 8.5 (54.4)

Solid Foods (n = 30)

Processed meat 4.8 13.3 (30.9)

Fast food and ready 10.8 29.9 (32.9)

to eat

Breakfast cereals 3.7 10.3 (16.2)
| Cookies, biscuits, 10.4 | 28.7 (40.0)

muffins, and cake

Potato chips and 3.0 8.2 (9.7)
salty snacks
Confectionery 2.0 5.4 (9.5)

and chocolate

Ketchup, salad 3.9 10.7 (13.5)
dressing and similar

Ice-cream 1.9 5.3 (9.8)

Jelly and 1.2 3.2 (6.6)
jams products

Total 100 276.9 (421.0)

*Contribution (%) of each food group/beverage to the total consumption of ultra-processed
food was calculated by dividing the amount (g/d) of each food group by the total amount of
ultra-processed foods (g/d) multiplied by 100.
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Unweighted
population

Characteristics N = 1,125

Weighted
population

n=2,620,937

No. Weighted % P-
(95% CI) * value
Sex
Male 427 417 (37.2-46.3) 0.001
Female 698 58.2 (53.6-62.7)
Race/Ethnicity
Non- 572 52.5 (47.4-57.6) <.0001
Hispanic White
Non- 191 17.6 (15.4-19.7)
Hispanic Black
Hispanic 242 22.1 (17.5-26.6)
Other ® 120 7.69 (5.61-9.77)
Education
Less than 205 17.6 (15.1-20.0) <.0001
high School
High 425 34.5 (30.2-38.8)
school graduate
College or higher 495 47.8 (43.9-51.7)
Family Income
Less than $20,000 375 29.8 (26.2-33.4) <.0001
$20,000 to $49,999 | 424 36.6 (32.8-40.3)
$50,000 to $74,999 123 10.6 (8.45-12.8)
$75,000 or More 203 22.8 (19.1-26.5)
Marital Status
Married 187 143 (115-17.1) <.0001
Unmarried © 908 85.6 (82.8-88.4)
Sexual Identity
Heterosexual 914 84.7 (82.1-87.2) <.0001
LGB 191 152 (12.7-17.8)
[ Health Insurance
Yes 958 84.7 (81.9-87.5) <.0001
No 167 15.2 (12.4-18.0)
General Health
Excellent/ 436 412 (36.9-45.5) <.0001
Very Good
Good 422 35.6 (31.9-39.4)
Fair/Poor 267 23.0 (20.1-25.9)
Comorbidities
No 820 74.8 (71.7-77.9) <0001
Yes 305 25.1 (22.0-28.2)
Current School Enrolment
No 545 59.9 (55.2-64.7) <.0001
Yes 321 40.0 (35.2-44.7)
Dorm Status <.0001
No 1093 97.6 (96.4-98.8)
Yes 32 2.34 (1.15-3.52)
Census Region
Large metro 434 50.9 (46.9-54.8) ‘ <.0001
Small metro 439 33.9 (30.2-37.6)
Non metro 252 15.1 (12.3-17.8)
Substance Use Disorder ¢
No 960 86.3 (83.7-88.8) <0001
Yes 165 13.6 (11.1-16.2)
Disability
No 815 72.9 (69.8-76.0) <0001
Yes 310 27.0 (23.9-30.1)

LGB, lesbian gay bisexual.

“Estimates were weighted to be nationally representative using recommended stratification,
clustering, and weighting by Substance Abuse and Mental Health Services Administration.

“Other includes non-Hispanic Native American/Alaska Native, Native Hawaiians/Other
Pacific Islander, non-Hispanic Asian, and more than one races.

“Includes widowed, divorced, or separated.

9Based on the criteria in the American Psychiatric Association, Diagnostic and Statistical

Manual of Mental Disorders, 4th edition.
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(95% ClI) P-value Adjusted # Odds (95% Cl) P-value

Ratio
Race/Ethnicity
Non-Hispanic White Ref - - Ref - -
Non-Hispanic Black 0.58 (0.29-1.14) 0.112 0.42 (0.19-0.92) 0.032
Hispanic 0.59 (0.29-1.20) 0.144 0.59 (0.25-1.33) 0.198
Other 121 (0.53-2.75) 0.642 0.81 (0.27-2.33) 0.687
Gender
Male Ref - - Ref = s
Female 3.00 (1.84-4.86) <.0001 3.02 (1.45-6.27) 0.004
Education
Less than High School Ref - - Ref - -
High School Graduate 0.99 (0.53-1.83) 0.966 1.03 (0.45-2.35) 0.936
Some College 113 (0.52-2.41) 0.750 143 (0.60-3.39) 0.408

Family Income

Less than $20,000 Ref = = Ref - -

$20,000 to $49,999 125 (0.69-2.25) 0.450 1.48 (0.75-2.89) 0.248
$50,000 to $74,999 1.08 (0.44-2.62) 0.859 1.92 (0.56-6.48) 0.287
$75,000 or More 0.83 (0.41-1.66) 0.584 0.87 (0.36-2.04) 0.743

Sexual Identity

Heterosexual Ref - - Ref - -

LGB 275 (1.62-4.66) 0.001 1.96 (1.04-3.68) 0.038

LGB, lesbian, gay, bisexual; Ref, reference.
“Adjusted model included sex, race/ethnicity, education, family income, marital status, sexual identity, health insurance, general health, comorbidities, current school enrolment, dorm status,
census region, substance use disorder, and disability.
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Variable
Age (years)
Sex
Male
Female
Hukou
Registered urban residents
Registered rural residents
Missing
Current residence region
City
Town
Rural
Education (years)
Ethnicity
‘ Han
‘ Hui
‘ Zhuang
Yao
Man
Others
Missing
Current marital status

Currently married and living with spouse

Mean (SD) or n (%)

80.53 (9.98)

748 (44.4%)

937 (55.6%)

758 (45.0%)
924 (54.8%)

3 (0.2%)

648 (38.5%)
465 (27.6%)
572 (33.9%)

4.96 (4.69)

1475 (87.5%)
13 (0.8%)

30 (1.8%)
1(0.1%)

6 (0.4%)
4(0.2%)

156 (9.3%)

872 (51.8%)

Separated 27 (1.6%)
Divorced 7 (0.4%)
Widowed 754 (44.7%)
Never married 11 (0.7%)
Missing 14 (0.8%)
Sleep duration each day
<7h 957 (56.8%)
>8h 718 (42.6%)
Missing 10 (0.6%)
Smoking or not at present
Yes 204 (12.1%)
No 1466 (87%)
Missing 15 (0.9%)
Drinking or not at present
Yes 189 (11.2%)
No 1467 (87.1%)
Missing 29 (1.7%)
Exercising or not at present?
Yes 675 (40%)
No 987 (58.6%)
Missing 23 (1.4%)

Whether to use the antidiabetic medications

Yes
No
Missing
I Whether diabetes affects daily life
Rather serious
More or less
No

Missing

1092 (64.8%)
570 (33.8%)

23 (1.4%)

232 (13.8%)
715 (42.4%)
712 (42.3%)

26 (1.5%)
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Symptoms Abb El

Depression symptoms (CESD-10)

Feeling bothered CESD1 0.79 0.58 0.90 0.05
Difficulty with concentrating CESD2 1.02 0.70 0.68 0.06
Feeling blue/depressed CESD3 0.73 0.58 112 0.09
Everything was an effort CESD4 1.06 0.73 0.85 0.13
Hopelessness. CESD5 1.29 0.88 0.66 0.05
Feeling nervous/fearful CESD6 0.65 0.60 0.84 0.08
Lack of happiness CESD7 145 0.92 0.71 0.02
Loneliness CESD8 0.64 0.65 0.92 0.04
Inability to get going CESD9 050 0.60 0.90 0.10
Sleep disturbances CESD10 136 0.77 0.39 0.13
Anxiety symptoms (GAD-7)

Nervousness or anxiety GAD1 0.32 0.56 1.05 0.38
Uncontrollable worry GAD2 0.23 0.51 1.05 0.05
‘Worry too much GAD3 0.28 0.54 1.02 0.11
Trouble relaxing GAD4 0.20 047 1.04 0.09
Restlessness GAD5 0.16 042 0.92 0.01
Easily annoyed/irritated GAD6 0.20 047 0.89 0.09
Afraid something terrible might happen GAD7 0.12 0.38 0.65 0.03

Abb, abbreviation; M, mean; SD, standard deviation; EI, expected influence; BE, bridge expected influence; CESD-10, 10-item Center for Epidemiologic Studies Depression Scale; GAD-7, seven-
item Generalized Anxiety Disorder scale.
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GDM VS. SAS in two groups

Unadjusted

Model 1: Adjusted for age and gender

Model 2: Model 1 + History of diabete

Model 3: Model 2 + Educational age + Employment situation

Model 4: Model 3 + gravidity + History of spontanous abortion and inducedabortion
Model 5: Model 4 + Control model + Glycosylated hemoglobin + Triglyceride
Model 6: Model 5 + Whether natural delivery

Model 7: Model 6 + Body weight

Model 8: Model 7 + The underlying diseases

Model 9: Model 8 + Maternal comorbidities or complications

GDM VS. Anxiety level (Mild vs. Normal) in two groups

Unadjusted

Model 1: Adjusted for age and gender

Model 2: Model 1 + History of diabete

Model 3: Model 2 + Educational age + Employment situation

Model 4: Model 3 + gravidity + History of spontanous abortion and inducedabortion
Model 5: Model 4 + Control model + Glycosylated hemoglobin + Triglyceride
Model 6: Model 5 + Whether natural delivery

Model 7: Model 6 + Body weight

Model 8: Model 7 + The underlying diseases

Model 9: Model 8 + Maternal comorbidities or complications

GDM VS. Anxiety disorder in two groups (reference: No anxiety group)
Unadjusted

Model 1: Adjusted for age and gender

Model 2: Model 1 + History of diabete

Model 3: Model 2 + Educational age + Employment situation

Model 4: Model 3 + gravidity + History of spontanous abortion and inducedabortion
Model 5: Model 4 + Control model + Glycosylated hemoglobin + Triglyceride
Model 6: Model 5 + Whether natural delivery

Model 7: Model 6 + Body weight

Model 8: Model 7 + The underlying diseases

Model 9: Model 8 + Maternal comorbidities or complications

df

404
397
396
394
390
352
349
336
335
334
df
403
396
395
393
389
351
348
335
334
333
df
404
397
396
394
390
352
349
336
335
334

Point estimated

(95% Cl)

4.116(2.656,5.576)
4.130(2.622,5.638)
4.103(2.584,5.621)
4.064(2.561,5.566)
4.097(2.588,5.606)
4.228(1.132,7.324)
4.338(1.209,7.467)
4.152(1.046,7.258)
4.177(1.076,7.278)
4.275(1.167,7.382)
OR (95% CI)
2.677(1.220,4.133)
2.639(1.173,4.106)
2.620(1.152,4.089)
2.641(1.166,4.115)
2.765(1.243,4.288)
1.797(~0.360,3.954)
1.875(-0.352,4.103)
1.833(~0.404,4.070)
1.812(-0.425,4.048)
2.434(0.044,4.823)
OR (95% CI)
2.714(1.259,4.169)
2.702(1.237,4.167)
2.672(1.205,4.139)
2.696(1.222,4.169)
2.814(1.295,4.334)
1.894(-0.263,4.050)
1.995(-0.250,4.240)
1.970(-0.280,4.220)
1.922(-0.326,4.169)
2.537(0.146,4.928)

Value

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.008
0.007
0.009
0.008
0.007
P Value
0.0003
0.0004
0.001
0.001
0.0004
0.102
0.099
0.108
0412
0.046
P Value
0.0003
0.0003
0.0004
0.0004
0.0003
0.085
0.081
0.086
0.094
0.038
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History of induced abortion VS. SAS in two groups

Unadjusted

Model 1: Adjusted for age and gender

Model 2: Model 1 + History of diabete

Model 3: Model 2 + Educational age + Employment situation

Model 4: Model 3 + Gravidity + History of spontanous abortion

Model 5: Model 4 + Control model + Glycosylated hemoglobin + Triglyceride + GDM
Model 6: Model 5 + Whether natural delivery

Model 7: Model 6 + Body weight

Model 8: Model 7 + The underlying diseases

Model 9: Model 8 + Maternal comorbidities or complications

History of induced abortion VS. Anxiety level (Mild vs. Normal) in two groups
Unadjusted

Model 1: Adjusted for age and gender

Model 2: Model 1 + History of diabete

Model 3: Model 2 + Educational age + Employment situation

Model 4: Model 3 + Gravidity + History of spontanous abortion

Model 5: Model 4 + Control model + Glycosylated hemoglobin + Triglyceride + GDM
Model 6: Model 5 + Whether natural delivery

Model 7: Model 6 + Body weight

Model 8: Model 7 + The underlying diseases

Model 9: Model 8 + Maternal comorbidities or complications

History of induced abortion VS. Anxiety disorder in two groups (reference: No anxiety group)
Unadjusted

Model 1: Adjusted for age and gender

Model 2: Model 1 + History of diabete

Model 3: Model 2 + Educational age + Employment situation

Model 4: Model 3 + Gravidity + History of spontanous abortion

Model 5: Model 4 + Control model + Glycosylated hemoglobin + Triglyceride + GDM
Model 6: Model 5 + Whether natural delivery

Model 7: Model 6 + Body weight

Model 8: Model 7 + The underlying diseases

Model 9: Model 8 + Maternal comorbidities or complications

’Hmw et

df

404
397
396
394
391
352
349
336
335
334
df
403
396
395
393
390
351
348
335
334
333
df
404
397
396
394
391
352
349
336
335
334

Point estimated

(95% Cl)

-0.028(-1.804,1.747)
-0.125(-1.968,1.718)
-0.075(-1.922,1.772)
-0.359(-2.198,1.480)
0.527(-1.826,2.881)
-0.802(-3.209,1.604)
-0.796(-3.213,1.622)
-0.419(-2.833,1.996)
-0.369(-2.780,2.043)
-0.322(-2.735,2.092)
OR (95% ClI)
0.784(-0.014,1.582)
0.718(-0.112,1.547)
0.751(-0.082,1.585)
0.665(-0.180,1.511)
1.440(0.037,2.843)
1.453(-0.333,3.239)
1.493(-0.329,3.314)
1.605(-0.259,3.469)
1.636(-0.236,3.508)
2.003(0.043,3.963)
OR (95% CI)
0.727(-0.064,1.517)
0.679(-0.142,1.499)
0.724(-0.102,1.550)
0.636(-0.203,1.474)
1.429(0.026,2.832)
1.449(-0.341,3.239)
1.494(-0.335,3.322)
1.611(~0.265,3.486)
1.669(-0.216,3.554)
2.026(0.065,3.988)

P

Value

0.975
0.894
0.937
0.702
0.660
0513
0518
0.733
0.764
0.793

P Value

0.054
0.090
0.077
0.123
0.044
0.110
0.108
0.091
0.087
0.045

P Value

0.071
0.105
0.086
0.137
0.046
0.112
0.109
0.092
0.083
0.043
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Variables <33(n 33(n=7) p- value
Age, (years) 2414 (405) 3642 (4.10) 0047
Male, n (%) 4(40) 6(60) 0559
Married, 7 (%) 4(40) 6(60) 0559
Education status

ary school, 1 (%) 00 10142) 0510
Intermediate, 1 (%) 5(71.42) 4(57.14)
Graduate or Post graduate, 7 (%) 2(2857) 2(2857)
Smokers, 1 (%) 2(2857) 4(57.14) 0290
BMI, (kg/m?) 2217 (2.56) 2320 (4.24) 0594
WHR, mean £ 5D 0912003 0922003 0599
HbALc (%) 4822059 5526034 0020
LDL, (mg/dl), mean +SD 857442185 894222416 0770
HDL (mg/dl), mean £ SD 453721641 530841456 0371
TG (mg/dl), mean £SD 143,424 143.76 1520047275 0890
BUN (mg/dl), mean SD 10824342 1081338 0.998
SCr (mg/dl), mean £SD 0774026 0854017 0489
AST (U/L), mean:£SD 421444373 21144788 0235
ALT (U/L), mean +SD 68.14£71.00 35144952 0.246

Allthe data is presented in mean & standard deviation (SD) or number () and percentage (%).
BMI, Body Mass Index; WHR, Waist Hip Ratio; HbA1c, Glycated Hemoglobin; LDL, Low-Density Lipoprotein; HDL, High- Density Lipoprotein; TG, Triglycerides; BUN, Blood Urea
Nitrogen; SCr, Serum Creatinine; AST, Aspartate aminotransferase; ALT, Alanine transaminase; CES-D, Center for Epidemiologic Studies- Depression.
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Educational age VS. SAS in two groups

Unadjusted

Model 1: Adjusted for age and gender

Model 2: Model 1 + History of diabete

Model 3: Model 2 + Employment situation

Model 4: Model 3 + Gravidity + History of spontanous abortion and inducedabortion
Model 5: Model 4 + Control model + Glycosylated hemoglobin + Triglyceride + GDM
Model 6: Model 5 + Whether natural delivery

Model 7: Model 6 + Body weight

Model 8: Model 7 + The underlying diseases

Model 9: Model 8 + Maternal comorbidities or complications

Educational age VS. Anxiety level (Mild vs. Normal) in two groups

Unadjusted

Model 1: Adjusted for age and gender

Model 2: Model 1 + History of diabete

Model 3: Model 2 + Employment situation

Model 4: Model 3 + Gravidity + History of spontanous abortion and inducedabortion
Model 5: Model 4 + Control model + Glycosylated hemoglobin + Triglyceride + GDM
Model 6: Model 5 + Whether natural delivery

Model 7: Model 6 + Body weight

Model 8: Model 7 + The underlying diseases

Model 9: Model 8 + Maternal comorbidities or complications

Educational age VS. Anxiety disorder in two groups (reference: No anxiety group)
Unadjusted

Model 1: Adjusted for age and gender

Model 2: Model 1 + History of diabete

Model 3: Model 2 + Employment situation

Model 4: Model 3 + Gravidity + History of spontanous abortion and inducedabortion
Model 5: Model 4 + Control model + Glycosylated hemoglobin + Triglyceride + GDM
Model 6: Model 5 + Whether natural delivery

Model 7: Model 6 + Body weight

Model 8: Model 7 + The underlying diseases

Model 9: Model 8 + Maternal comorbidities or complications

404
397
396
395
391
352
349
336
335
334

403
396
395
394
390
351
348
335
334
333

404
397
396
395
391
352
349
336
335
334

Point estimated

(95% Cl)

-0.474(-0.775,-0.173)
-0.478(-0.783,-0.174)
-0.483(-0.788,-0.179)
-0.564(-0.884,-0.243)
-0.558(-0.881,-0.234)
-0.500(-0.833,-0.168)
-0.501(-0.835,-0.167)
-0.466(-0.801,-0.131)
-0.488(-0.823,-0.152)
-0.487(-0.823,-0.151)
OR (95% CI)
-0.167(-0.314,-0.021)
-0.162(-0.308,-0.016)
-0.171(-0.320,-0.022)
-0.221(-0.389,-0.052)
-0.223(-0.401,-0.044)
-0.238(-0.438,-0.037)
-0.248(-0.450,-0.045)
-0.260(-0.471,-0.048)
-0.261(-0.473,-0.049)
-0.243(~0.459,-0.026)
OR (95% CI)
-0.167(-0.312,-0.022)
-0.163(-0.308,-0.019)
-0.175(-0.322,-0.027)
-0.227(-0.394,-0.059)
-0.230(-0.407,-0.052)
-0.242(-0.442,-0.042)
-0.253(-0.456,-0.051)
-0.266(-0.478,-0.055)
-0.269(-0.480,-0.057)
-0.252(-0.468,-0.037)

P

Value

0.002
0.002
0.002
0.001
0.001
0.003
0.003
0.007
0.005
0.005
P Value
0.026
0.030
0.025
0.010
0.015
0.020
0.017
0.017
0.016
0.028
P Value
0.024
0.027
0.021
0.008
0.011
0.018
0.015
0.014
0.013
0.022
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Factors and items of the BIT-C-11

Factor 1: fear of injection and selftesting
1.1 am afraid of the pain when injecing inslin 0943
2. Besides the pain, 1 am afaid of injctions. 0530
3. Tam afraid of the pain during regular blood-sugar checks. o913
Cronbach's 40952

1CC: 0952 (95% C1 0940-0960)
testretest elability: =079

Factor 2: “expected hardship from insulin treatment”
4. 1just don't have cnough time for regulr doses of insulin. 019

5.1 can'tpay as closeat
requies

don o my dit a insulin teatment 0505

6.1 can'torganize my day as carefully as nsulin rcatment requires. | 0.59

Cronbachs

927

1CC: 0921 (95% C1 0897-0938)

testretest elsblity: r=0756

Factor 3:stigmatization by insulin injections
7. Ijections in public are embarrassing o me. il are more discrect. 0925
8. Regular insulin rcatment causes fedingsof dependence. 0398
9. When people injct insulin, it makes them e ike drug addicts. 0905

Cronbachs

9%
1CC: 0937 (95% C1 0923-0949)
sttt rlabily: =075

Factor 4 fear of hypoglycemia

10. An insulin overdose can lead to extremely low blood:sugar levels
(“hypoglycemia®. 1am afaid of the unpleasant accompanying
symptoms

11, An insulin overdose can lead to extremey low blood:sugar levls
(“hypoglycemia”). T have concerns about possible permanent damage to
my health

Cronbach's =017
1CC: 0915 (95% C1 0893.0933)
testretst reliabily: =07

BIT-C-11, Chincse version o the BIT questonnaiee it 11 ens;, Cronbach's  without
s =, Not applcable because scake contains only two ez,
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«Patients with severe comorbid conditions
(n=18)

«Patients prescribed with anti-depressants
(n=13)

31 found eligible for study

<Difficulty in interviewing patients due to
aggressive or irregular behaviour (n=3)
*Refused to use FGMS (n=6)

*Refused to participate in the study (n=4)

18 patients filled the CES-D questionnaire

18 patients agreed for FGMS

Lost of follow-up (n=4)

Data of 14 patients (14 patients x 14 days =
196 patient days) were successfully
retrieved from FGMS and analysed.
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Contrast

test

Sex (%male) 58.1 32 62.07 34.29 39.63* 0.23
Age (years) 39.54 10.26 36.31 12.25 41.83 10.89 38.31 12.06 0.11 0.01
Formal education (years) 13.51 3.27 13.29 2.92 12.18 3,57 11.77 3.54 29.17** 0.04
Marital status 17.04** 0.11
Never married 31.1 49 28.74 31.43

Married 63.93 44 62.07 60.95

Divorced/widowed 4.97 7 9.2 7.62

Household income 32.78 0.12
1st quartile 16.04 28.28 25.58 34.95

2nd quartile 26.15 32.32 22.09 28.16

3rd quartile 36.26 30.3 33.72 24.27

4th quartile 21.54 9.09 18.6 12.62

Depression symptoms1 314 4.61 43.5 3.47 3433 3.83 46.19 5.68 531.05%* 0.41
Anxiety state? 349 7.96 39.43 6.95 55.13 4.81 58.16 6.56 1095.28** 0.59
Mediterranean diet adherence? 26.62 7.09 28.47 9.44 25.78 7.07 28.59 8.61 3.07 0
Physical activity level 14.4* 0.1
Low 31.1 49 28.74 3143

Moderate 67.82 54 70.11 66.67

Intense 1.08 0 115 19

Smoking (%yes) 60.69 56 60.92 56.19 1.33 0.04
Alcohol drinking (%yes) 91.79 82 88.51 85.71 10.03* 0.12

Metabolic markers

Waist circumference (cm) 89.06 1551 85.39 17.63 91.82 17.36 86.23 17.03 0.81 0
Fasting glucose (mg/dl) 87.87 16.54 89.05 274 89.69 15.7 89.45 29.68 0.84 0
Triglycerides (mg/dl) 102.43 63.01 96.36 55.6 111.42 67.41 100.08 70.88 0.01 0
HDL cholesterol (mg/dl) 4791 12.52 52.96 13.73 46.62 15.17 49.39 13.57 0.64 0
SBP (mmHg) 118.01 16.13 114.99 15.13 11917 15.54 115.1 19.68 1.43 0
DBP (mmHg) 78.69 1141 75.65 11.63 80.12 11.92 7591 11.41 2.39 0
Inflammatory markers

CRP (mg/l) 1.74 221 173 2.57 2.32 29 228 3.03 6* 0.01
IL-6 (mg/dl) 0.31 0.2 0.27 0.25 0.35 0.2 0.31 0.25 0.84 0
SAA 3.63 4.42 4.09 3.16 3.64 4.22 3.56 2.61 0 0
TNF-o (mg/dl) 6.40 2.73 6.22 3.81 6.56 2.78 6.19 3.03 0.17 0

Metabolic diseases at follow-up

Diabetes (%yes) 4.20 9.26 10.2 4.65 4.18 0.05
Hypercholesterol (%yes) 55.66 56.67 59.32 66.13 2.41 0.04
Hypertension (%jyes) 44.37 32.26 52.46 42.86 5.27 0.06

Means (m) and standard deviations (sd) are displayed for continuous variables. Percentage (%) of cases is displayed for either dichotomous or categorical variables. The contrast test statistic
was the F statistic for continuous measures and the x? statistic for either dichotomous or categorical variables. The effect size (ES) estimate was the nzpam'al for continuous measures and the
Cramer’s V statistic for either dichotomous or categorical variables. HDL, high-density lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood pressure; CRP, C-reactive protein; iL-6,
Interleukin 6; SAA, serum amyloid A; TNF-a, tumor necrosis factor a; CG, control group; DG, high depression group; AG, high anxiety group; DAG, high depression and anxiety group.
!Measured by the Zung Self-Rating Depression Scale.

2Measured by the State-Trait Anxiety Inventory, state form.

3Measured by the Mediterranean Diet Adherence Screener test.

*p <0.05; **p < 0.01.
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Inflammation profile model B Clgs t-value

Study group (reference = control group)

DG 0.04 —0,16,0.24 0.42
AG 0.17 —0.05, 0.39 1.64
DAG 0.20 0.01, 0.40 2.03*
Sex (reference = male) 0.20 0.06, 0.34 2.96%*%
Age 0.04 0.04, 0.04 12.24%%%
Metabolic risk profile model B Clgs t-value
Study group (reference = control group)

DG 0.84 —0.94, 2.62 0.92
AG 1.23 —0.63,3.09 1.30
DAG 0.91 —0.83, 2.65 1.01
Sex (reference = male) 19.26 18.06, 20.46 31.12%
Age 0.31 0.25,0.37 1111+

Inflammatory and metabolic risk profile model covariates: marital status, mediterranean diet adherence, physical activity level, smoking and alcohol drinking.
B = Beta coefficient. CI = confidence interval at 95% of Beta coefficient. DG, depressive group; AG, anxiety group; DAG, depressive and anxiety group.
*p < 0.05; *p < 0.01; **p < 0.001.
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Diabetes (n = 600)

OR (Clgs) Z-va

Sex (reference = male) 1.14 (0.57, 2.35) —0.51
Age 1.09 (1.06, 1.12) 5.01%*
Household income(reference = 1st quartile)

2nd quartile 0.64 (0.3, 1.4) —1.99*
3rd quartile 0.35(0.17, 0.77) —3.25%
4th quartile 0.37 (0.16, 0.86) —3.34**
Emotional group (reference = CG)

DG 2.08 (1.00, 4.22) 2.19*
AG 1.32 (0.64, 2.57) 0.97
DAG 0.6 (02, 1.49) —0.22
Metabolic risk score 1.05 (1.02, 1.08) 3.06**
Hypertension (n = 443)

Sex (reference = male) 0.06 (0.03, 0.1) —2.21*
Age 1.04 (1.02, 1.05) 4340
Household income(reference = 1st quartile)

2nd quartile 0.79 (0.49, 1.29) —1.11
3rd quartile 0.6 (0.38, 0.97) —1.00
4th quartile 0.83 (0.5, 1.39) —1.53
Emotional group (reference = CG)

DG 0.94 (0.55, 1.57) 1.57
AG 1.18 (0.78, 1.8) 1.19
DAG 0.98 (0.62, 1.54) 1.26
Metabolic risk score 1.26 (1.22,1.3) 3.34%*
Hypercholesterolemia (n = 558)

Sex (reference = male) 0.93 (0.65, 1.34) 0.71
Age 1.46 (0.99, 2.16) 2.09*
Household income(reference = 1st quartile)

2nd quartile 1.69 (1.16, 2.48) 2.51%
3rd quartile 1.74 (1.14, 2.67) 2.35*
4th quartile 1.06 (1.05, 1.07) 7.68**
Emotional group (reference = CG)

DG 1.16 (0.8, 1.68) 1.01
AG 1.05 (0.74, 1.5) 1.61
DAG 1.68 (1.16, 2.43) 2.55%*
Metabolic risk score 1.03 (1.02, 1.05) 2.90**

OR, odds ratio; CI, confidence interval at 95%; CG, control group; DG, depressive group;

AG, anxiety group; DAG, depressive and anxiety group.

*p < 0.05.*p < 0.01.
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Triglyceride VS. SAS in two groups

Unadjusted

Model 1: Adjusted for age and gender

Model 2: Model 1 + History of diabete

Model 3: Model 2 + Educational age + Employment situation

Model 4: Model 3 + Gravidity + History of spontanous abortion and inducedabortion
Model 5: Model 4 + Control model + Glycosylated hemoglobin + GDM

Model 6: Model 5 + Whether natural delivery

Model 7: Model 6 + Body weight

Model 8: Model 7 + The underlying diseases

Model 9: Model 8 + Maternal comorbidities or complications

Triglyceride VS. Anxiety level (Mild vs. Normal) in two groups

Unadjusted

Model 1: Adjusted for age and gender

Model 2: Model 1 + History of diabete

Model 3: Model 2 + Educational age + Employment situation

Model 4: Model 3 + Gravidity + History of spontanous abortion and inducedabortion
Model 5: Model 4 + Control model + Glycosylated hemoglobin + GDM

Model 6: Model 5 + Whether natural delivery

Model 7: Model 6 + Body weight

Model 8: Model 7 + The underlying diseases

Model 9: Model 8 + Maternal comorbidities or complications

Triglyceride VS. Anxiety disorder in two groups (reference: No anxiety group)
Unadjusted

Model 1: Adjusted for age and gender

Model 2: Model 1 + History of diabete

Model 3: Model 2 + Educational age + Employment situation

Model 4: Model 3 + Gravidity + History of spontanous abortion and inducedabortion
Model 5: Model 4 + Control model + Glycosylated hemoglobin + GDM

Model 6: Model 5 + Whether natural delivery

Model 7: Model 6 + Body weight

Model 8: Model 7 + The underlying diseases

Model 9: Model 8 + Maternal comorbidities or complications

i

df

373
366
365
363
359
352
349
336
335
334
df
372
365
364
362
358
351
348
335
334
333
df
373
366
365
363
359
352
349
336
335
334

Point estimated

(95% Cl)

-0.108(-0.827,0.610)
-0.112(-0.839,0.615)
-0.102(-0.829,0.624)
-0.104(-0.825,0.616)
-0.111(-0.834,0.613)
-0.347(-1.052,0.357)
-0.330(~1.040,0.379)
-0.397(-1.100,0.306)
-0.382(-1.083,0.320)
-0.396(-1.098,0.307)
OR (95% CI)
-0.170(-0.692,0.352)
-0.197(-0.729,0.334)
-0.202(-0.743,0.339)
-0.232(-0.802,0.338)
-0.212(-0.796,0.373)
-0.448(-1.093,0.197)
~0.505(-1.164,0.154)
~0.705(~1.467,0.057)
~0.705(~1.466,0.056)
-0.808(-1.634,0.018)
OR (95% CI)
-0.184(-0.705,0.338)
-0.203(-0.731,0.325)
-0.209(-0.749,0.330)
-0.239(-0.807,0.329)
-0.219(-0.803,0.366)
-0.463(-1.109,0.183)
-0.531(-1.193,0.130)
-0.729(-1.491,0.032)
-0.729(-1.488,0.029)
-0.832(-1.653,-0.011)

P

Value

0.767
0.762
0.782
0.776
0.764
0.333
0.361
0.267
0.286
0.269
P Value
0.522
0.466
0.464
0.424
0.477
0.173
0.133
0.070
0.069
0.055
P Value
0.489
0.450
0.446
0.409
0.463
0.160
0.115
0.060
0.060
0.047
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Variables

Mean + SD Mean + SD
Age (years) 33.93 + 3.86 3242 +4.14 -3.692 <0.001
Gestational age (weeks) 37.79 £ 2.74 38.69 + 1.31 -4.503 <0.001
Educational age 15.78 £ 2.62 1598 +2.35 -0.659 0.510
1h-PG 9.19 + 211 743 +1.05 -9.188 <0.001
Glycosylated hemoglobin 5.05 + 047 4.83 +0.34 -5.967 <0.001
Triglyceride 232+ 094 204 +1.22 -3.673 <0.001
SAS 40.05 + 7.74 35.93 +7.20 ~5.205 <0.001
GDM group Control group
N (%) N (%) ’
1 59 (28.8) 38 (18.9) 5.443 0.020
2 146 (71.2) 163 (81.1)
History of spontaneous abortion
1 28 (13.7) 28 (13.9) 0.006 0.937
2 177 (86.3) 173 (86.1)

GDM, gestational diabetes mellitus; 1h-PG, 1-h plasma glucose; SAS, self-rating anxiety scale; P, positive subscore.
Bold values implies statistical significance.
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Factors B Wald Sig (95% Cl)

Age (years) 0.037 0.047 0.627 0.428 1.038 (0.947, 1.137)
Gestational age (weeks) -0.083 0.058 2.013 0.156 0.921 (0.821, 1.032)
Educational age -0.167 0.074 5.157 0.023 0.846 (0.732, 0.977)
1h-PG 0.205 0.076 7.246 0.007 1.227 (1.057, 1.424)
Triglyceride -0.184 0.265 ‘ 0.481 0.488 0.832 (0.495, 1.399)
History of Abnormal pregnancy 0.218 0.637 0.117 0.732 1.244 (0.357, 4.337)
History of induced abortion 0.726 0.402 3.268 0.071 2.068 (0.941, 4.546)
History of spontaneous abortion -0.814 0.747 1.186 0.276 0.443 (0.102, 1.917)
History of diabetes 0.562 0.409 1.886 0.170 1.754 (0.786, 3.914)

GDM 2.714 0.740 13.451 <0.001 15.093 (3.539, 64.373)

GDM, gestational diabetes mellitus; 1h-PG, 1-h plasma glucose; Sig., significance test.
Bold values implies statistical significance.
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1h-PG VS. SAS in two groups

Unadjusted

Model 1:
Model 2:
Model 3:
Model 4:
Model 5:
Model 6:
Model 7:
Model 8:

Model 9:

Adjusted for age and gender

Model 1 + History of diabete

Model 2 + Educational age + Employment situation

Model 3 + Gravidity + History of spontanous abortion and inducedabortion
Model 4 + Control model + Glycosylated hemoglobin + Triglyceride

Model 5 + Whether natural delivery

Model 6 + Body weight

Model 7 + The underlying diseases

Model 8 + Maternal comorbidities or complications

1h-PG VS. Anxiety level (Mild vs. Normal) in two groups

Unadjusted

Model 1:
Model 2:
Model 3:
Model 4:
Model 5:
Model 6:
Model 7:
Model 8:

Model 9:

Adjusted for age and gender

Model 1 + History of diabete

Model 2 + Educational age + Employment situation

Model 3 + Gravidity + History of spontanous abortion and inducedabortion
Model 4 + Control model + Glycosylated hemoglobin + Triglyceride

Model 5 + Whether natural delivery

Model 6 + Body weight

Model 7 + The underlying diseases

Model 8 + Maternal comorbidities or complications

1h-PG VS. Anxiety disorder in two groups (reference: No anxiety group)

Unadjusted

Model 1:
Model 2:
Model 3:
Model 4:
Model 5:
Model 6:
Model 7:
Model 8:

Model 9:

Adjusted for age and gender

Model 1 + History of diabete

Model 2 + Educational age + Employment situation

Model 3 + Gravidity + History of spontanous abortion and inducedabortion
Model 4 + Control model + Glycosylated hemoglobin + Triglyceride

Model 5 + Whether natural delivery

Model 6 + Body weight

Model 7 + The underlying diseases

Model 8 + Maternal comorbidities or complications

05

df

403
396
395
393
389
352
349
336
335
334
df
402
395
394
392
388
351
348
335
334
333
df
403
396
395
393
389
352
349
336
335
334

Point estimated

(95% Cl)

0.613(0.278,0.947)
0.607(0.261,0.953)
0.597(0.249,0.946)
0.602(0.257,0.947)
0.596(0.250,0.942)
0.408(0.028,0.788)
0.406(0.022,0.790)
0.389(0.007,0.772)
0.388(0.006,0.770)
0.384(0.001,0.767)
OR (95% Cl)
0.198(0.049,0.347)
0.184(0.034,0.334)
0.180(0.030,0.329)
0.206(0.052,0.360)
0.201(0.046,0.356)
0.237(0.045,0.429)
0.229(0.038,0.420)
0.222(0.022,0.423)
0.223(0.020,0.425)
0.210(0.003,0.417)
OR (95% Cl)
0.205(0.055,0.354)
0.194(0.043,0.346)
0.188(0.039,0.338)
0.216(0.062,0.370)
0.209(0.054,0.365)
0.244(0.054,0.435)
0.236(0.047,0.425)
0.231(0.033,0.428)
0.231(0.030,0.432)
0.222(0.017,0.426)

P

Value

0.0004
0.001
0.001
0.001
0.001
0.035
0.038
0.046
0.047
0.049

P Value
0.009
0.017
0.018
0.009
0.011
0.016
0.019
0.030
0.031
0.047

P Value
0.007
0.012
0.014
0.006
0.009
0.012
0.015
0.022
0.024
0.034





