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Objectives: Although obesity is associated with increased risk for depression in patients with type 2 diabetes mellitus (DM), the relationship between body weight variability (BWV) and depression remains poorly studied. This study was to investigate the incidence of depression in patients with type 2 DM according to their BWV.

Methods: Intraindividual variation in body weight were measured in the nationwide, population-based retrospective cohort of 540,293 patients with type 2 DM from the Korean national health insurance system between 2009 and 2010. The diagnoses of new-onset depression occurring until the end of 2017 were ascertained. Risk of new-onset depression was examined using multivariate-adjusted Cox proportional hazards regression analysis by BWV quartile.

Results: 93,149 (17.2%) patients developed new-onset depression for the follow up. BWV was significantly associated with an increased risk of depression after adjusting for confounding factors. The highest BWV quartile group had a hazard ratio (HR) of 1.17 (95% CI 1.15–1.19) compared to the lowest BWV quartile group as a reference. Obese patients in the highest BWV quartile group showed 12% increased risk of depression (HR 1.12, 95% CI 1.09–1.15) while non-obese patients in the highest BWV quartile group showed 20% increased risk of depression (HR: 1.20, 95% CI: 1.17–1.23) compared to their respective lowest BWV quartile groups.

Conclusion: A higher BWV was significantly associated with an increased risk of depression in patients with type 2 DM. Thus, BWV may serve as an indicator for early detection of depression in type 2 DM patients.
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INTRODUCTION

For patients with type 2 diabetes mellitus (DM), weight control through lifestyle intervention is important since obesity is associated with poor metabolic outcomes such as increased blood pressure, poor glycemic control, and worsening lipid parameters (1, 2). Furthermore, there is also growing evidence that body weight variability (BWV) is associated with an increased risk of cardiovascular events or mortality in patients with DM (3–5). About 20–30% of patients with type 2 DM suffer from depression (6, 7). The presence of comorbid depression in type 2 DM patients can increase the disease burden and worsen the prognosis (8–11). This has been hypothesized to be related to an increase in allostatic load (12). In addition, obesity has been suggested as a major etiological factor to developing depression in persons with type 2 DM (13, 14), through mechanisms such as autonomic/neuroendocrine dysregulation, pro-inflammatory state, or brain structural alterations (8, 15). This suggests that the metabolic pathway might be involved in the occurrence of depression in diabetic patients. Beside obesity, BWV also occurs more often in DM patients than in the general population due to lifestyle preference (exercise, dietary habit. etc.), therapeutic intervention (antidiabetic medication), or the course of the disease (weight loss due to insufficient insulin, weight gain as a premorbid status of DM, etc.). Thus, a relationship between BWV and poor metabolic outcomes can be easily inferred, this relationship affecting psychological outcomes and body weight of diabetic patients.

Several studies have reported the association between BWV and poor mental health outcome (16–18). However, whether BWV is associated with the development of incident depression in type 2 DM is unknown. Therefore, the objective of this nationwide population study was to examine the association between BWV and development of incident depression in type 2 DM patients. Investigating the impact of intra-individual BWV would give a better understanding of depression etiology than simply measuring body weight itself in diabetic patients. We hypothesized that a higher BWV would be associated with an increased risk of depression in type 2 DM.



METHODS


Data Collection

This study was conducted using the dataset of the Korean national health insurance system (NHIS), the single insurer managed by the Korean government. The NHIS contains complete health information of about 50 million people (97% of Korean population), including sociodemographic data, clinical diagnosis with International Classification of Disease-10 Clinical modification (ICD-10-CM) codes, treatments, and health service utilization as described elsewhere (19). The NHIS also provides national health examination programs to Koreans aged over 40 years biennially or annually to workers regardless of age to examine individual health behaviors and obtain laboratory results and anthropometric measurements. We used NHIS health data and health examinations in the study.



Study Population

Among 17,498,154 patients who underwent medical examinations during the index period (from January 1, 2009 to December 31, 2010), 8,393,409 patients who completed three or more medical examinations within 5 years prior to the index period were chosen. Type 2 DM patients were defined as those who had ICD-10-CM codes of E11–E14 with at least one prescription of antidiabetic medication or with a fasting glucose level ≥ 126 mg/dL in laboratory results. Finally, 540,590 patients aged 30 years or more with type 2 DM were identified after excluding those with missing data (n = 971,316) and those with a previous history of depression or new depression diagnosis within 2 years of the index year (n = 105,676) (Figure 1). All study patients were followed up until December 31, 2016. The mean duration of follow up was 5.42 ± 1.53 years. The entire study process was approved by the Institutional Review Board (IRB) of Samsung Medical Center in Seoul, Korea (IRB No: 2020-10-034). Informed consent was waived since this research did not involve any identifiable private information of study patients.
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FIGURE 1. Flow chart showing the selection of study subjects. The target population 17,498,154 represents about one-fifth of the country's population. Type 2 DM patients were defined as those who had ICD-10-CM codes of E11-E14 with at least one prescription of antidiabetic medication or with a fasting glucose level ≥ 126 mg/dL.




Study Outcome: Diagnosis of Depression

The primary outcome of this study was new-onset depression defined as ICD-10-CM codes for depression (F32.0-32.9 for major depressive disorder with single episode and F 33.0-33.9 for major depressive disorder with recurrent episodes). Study patients were followed up for new-onset depression with a 2 year time lag after the index date until the diagnosis of new-onset depression, censoring by death or the end of the study (December 31, 2017).



Definition of Obesity and Indices of Body Weight Variability

Obesity was defined as BMI ≥ 25 kg/m2 based on the World Health Organization (WHO) recommendations for Asians (20). Three or more body weight measurements obtained within 5 years of the index period were used to calculate individual BWV. Four indices, including standard deviation (SD), coefficient of variation (CV), average successive variability (ASV) (21), and variability independent of the mean (VIM), were used to measure BWV. VIM was used as the primary measure of BWV, which was calculated as 100 × SD/meanβ, where β was the regression coefficient based on the natural logarithm of SD on the natural logarithm of the mean (22).



Definition of Covariates

Baseline sociodemographic and lifestyle data included age, sex, income level (under 20% or above), current smoking status, alcohol consumption (≥ 30 g of alcohol per day indicating heavy drinking) (23), and regular exercise (vigorous physical activity three times or more per week or moderate physical activity five times or more per week) (24). A list of standardized health examination data such as height, weight, waist circumference, fasting glucose, blood pressure (systolic and diastolic), total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, triglycerides, and creatinine level was also included as covariates.

Baseline medical comorbidities were defined as a combination of laboratory measurement or ICD-10-CM diagnosis and prescribed medications (25, 26). Hypertension was defined as SBP/DBP ≥ 140/90 mmHg or ICD-10-CM code I10-13 or I15 with at least one prescription claim of antihypertensive medication per year. Dyslipidemia was defined as total cholesterol level ≥ 240 mg/dL or an ICD-10-CM code of E78 with at least one prescription claim of lipid lowering medication per year. Chronic kidney disease was defined as estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m (27). Myocardial infarction (MI) was defined as ICD-10-CM code I12-22. Ischemic stroke was defined as ICD-10-CM I63-64 and evidence in brain CT or MRI. Atrial fibrillation was defined as ICD-10-CM I48. Malignancy was defined as ICD-10-CM C00-96 and exempted calculation code for severe disease (28). All covariates were assessed at the index date.



Statistical Analysis

Baseline sociodemographic and lifestyle data, health examination data, and medical comorbidities were presented in relation to newly developed depression. We performed analysis of variance (ANOVA) for continuous variables and χ2 test for categorical variables. Patients were allocated into four groups according to BWV quartile of VIM. The risk of depression for each of the three higher quartiles of BWV (Q2, Q3, and Q4) relative to the lowest quartile (Q1) was calculated by Cox proportional hazards regression analysis after adjusting for age, sex, smoking status, drinking status, level of physical activity, low income, presence of medical comorbidities including hypertension, dyslipidemia, and variables related to severity of diabetes including insulin use, number of oral anti-diabetic medications, and duration of diabetes. Further analyses examined the relationship between BWV and risk of depression according to presence of baseline obesity to explore whether obese patients experiencing BWV were at higher risk for developing depression than non-obese patients. Kaplan-Meier estimates for incidence probability of depression were presented for BWV of each quartile group. Stratified analyses were performed for potential modification effects by age strata, sex, medical comorbidities, and variables related to the severity of diabetes. Hazard ratio (HR) of depression in stratified analyses was calculated for the highest quartile group (Q4) of BWV compared to lower quartile groups (Q1–Q3). All statistical analyses were conducted with Statistical Analysis System (SAS) version 9.4 (SAS Institute Inc., Cary, NC, USA). An alpha level of 0.05 indicated statistical significance.




RESULTS


Baseline Characteristics

Of 540,593 type 2 DM patients included in this cohort, 93,149 patients developed depression during the follow-up period (mean = 5.41 ± 1.53 years). Baseline sociodemographic and lifestyle differences between patients with and without new-onset depression are shown in Table 1. Type 2 DM patients with depression were older, more likely to be female, less likely to be smokers, and less likely to drink. They had a lower income but higher prevalence of medical comorbidities including hypertension, dyslipidemia, cardiovascular diseases, cancer, and chronic kidney disease. Type 2 DM patients with depression also had lower rate of obesity but higher BWV than those without depression.


Table 1. Baseline characteristics of study patients according to the presence of new-onset depression.
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Body Weight Variability and Risk of Depression

Higher BWV was associated with a significantly higher rate of new-onset depression after multivariate adjustments (Table 2). Compared to the lowest BWV quartile group calculated by VIM, HR of depression for the highest quartile group was 1.17 (95% CI: 1.15–1.19). When analyzed by sex, males in the highest BWV quartile group showed a 22% greater risk of depression (HR: 1.22, 95% CI: 1.19–1.25) whereas females in the same quartile group showed a 12% greater risk of depression (HR: 1.12, 95% CI: 1.09–1.55) compared to the lowest quartile group.


Table 2. Risk of incident depression by quartiles of VIM for body weight among patients with type 2 DM*.
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Body Weight Variability and Risk of Depression by Baseline Obesity

In patients with baseline obesity, higher BWV numerically increased the risk of depression. Compared to the lowest quartile, obese patients in the highest BWV quartile group had a 12% greater risk of depression per the adjusted model (HR: 1.12, 95% CI: 1.09–1.15). The association was even stronger in non-obese patients, where the risk of depression increased by 20% in the highest BWV quartile group (HR: 1.20, 95% CI: 1.17–1.23) compared to the lowest quartile group (p < 0.001). A steep increase of depression risk was observed in the highest BWV quartile group compared to the lower three quartiles of non-obese type 2 DM patients (Figure 2).


[image: Figure 2]
FIGURE 2. Association between the risk of depression and quartiles of BWV as a function of baseline obesity. The line represents depression incidence, and the bars represent HR. The P values indicate a significant difference between non-obesity and obesity in the respective BWV quartiles.


The probability of depression estimated by Kaplan-Meier curves according to each quartile of BWV was significantly increased in the highest quartile of both non-obese and obese patients with Type 2 DM, with the degree of increase being greater in the non-obese group (Supplementary Figure 1).



Stratified Analysis

Figure 3 shows results of stratified analyses comparing the highest BWV quartile group to the lower three quartile groups. Higher BWV predicted increased risk of new-onset depression overall. The association was significantly stronger in males of older age, or with less severe diabetic status (i.e., use of less than two types of antidiabetic medications or shorter duration of DM) (all p < 0.05).
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FIGURE 3. HR (95% CI) of depression in the highest quartile vs. lower three quartiles of BWV. Estimates were adjusted for age strata, gender, presence of obesity, medical comorbidities and severity of diabetes, except for the one stratified on. The horizontal lines represent 95 % CI. HR, hazard ratio; CI, confidence interval.





DISCUSSION

To the best of our knowledge, this is the first cohort study on the incidence of depression in type 2 DM patients with BWV. This study covered a large sample of a nationwide population (> 540,000 individuals) with a long follow up period of more than 7 years. We found that higher BWV was significantly associated with an increased risk of depression. This association was greater in non-obese patients than in obese patients independent of medical comorbidities. Stratified analysis also showed a consistent association between higher BWV and increased risk of depression. These findings may be considered to be less representative since the HR of depression in the highest BWV group are numerically small [i.e., 1.17 (95% CI 1.15–1.19) compared to the lowest BWV quartile group], but depression in diabetic patients is associated with increased mortality and worse prognosis so it should be interpreted in clinical significance.

The pathophysiological pathway underlying BWV and the development of depression has been poorly understood. Excessive weight fluctuation might cause alternation between a rapid shrinkage and a rapid expansion of adipose tissues. This mechanical cell stress to adipose tissues during weight fluctuation can result in accumulation of visceral fat mass and increased inflammatory responses of adipose cells, which could worsen vascular pathology and subsequently increase the risk of cardiovascular outcomes of patients with diabetes (15, 29). A recent study has demonstrated the association between body fat mass and depression (30), suggesting that inflammatory response during fat accumulation might also play an important role in the development of depression. Inflammatory cytokines such as tumor necrosis factor, C-reactive protein, interleukin (IL)-1b, and IL-6 are increased in depressed individuals (31). Several studies have also found that increased inflammation is associated with decreased connectivity of the dorsal/ventral striatum and ventromedial prefrontal cortex, brain regions involved in motivation and mood regulation (32, 33). Such deterioration of vascular pathology and decreased brain function caused by inflammation might have a synergistic effect on the development of depression in type 2 DM patients. Further molecular level research is needed to demonstrate the mechanisms involved in BWV-induced inflammation in depressed diabetic patients.

Another possible explanation is that endocrine factors (such as adipokines including leptin, adiponectin, and resistin, secreted by adipose tissues) might be involved in the effect of BWV on depression. Endocrine molecules, especially leptin and adiponectin, are known to be associated with depression by regulating the hypothalamic-pituitary-adrenal (HPA) axis and neuronal plasticity in the brain (34, 35). Adipose cell stress resulting from BWV could cause changes in blood levels of such adipokines, thus affecting mood regulation. Further research on such biological mechanisms is necessary.

The effect of high BWV on the development of depression in type 2 DM was greater in non-obese patients than in obese patients. Most studies examining BWV of DM patients showed a higher risk of medical complications including cardiovascular events and mortality in obese patients than in non-obese patients (3, 5, 36). Although comparative studies are lacking, psychosocial components could have more effects on the development of depression than other medical complications in type 2 DM patients. One explanation is that non-obese patients might react more sensitively to BWV than obese patients who frequently experience it because BWV is usually not a major problem for non-obese patients (whether the change is intentional or not) (37). It has been shown that body weight perception, not just actual weight itself, is associated with unhealthy weight control behaviors and depression (38). In addition, it has been increasingly reported that, besides obesity, underweight status is also associated with neuroticism, low life satisfaction, and depressed mood (39, 40). As such, BWV is not simply a metabolic consequence. Various psychological and behavioral factors might be involved in BWV. This supports our finding that the effect of BWV on depression is not limited to obese patients. Further study is needed the phenomenon of “obesity paradox” (41) is occurring psychologically as a flexible acceptance of body changes. Additionally, although the prescription rate was not high in our study cohort, glucagon-like peptide 1-receptor agonist or sodium glucose cotransporter 2-inhibitor can reduce weight during long-term use among diabetic agents, so it could be considered when interpretating higher depression risk in low BMI patients at baseline.

Also, BWV could be a consequence but not a cause of subclinical depression or other physical illness. That said, we performed several stratified analyses to minimize the effect of other causes of illness as much as possible.

Female gender is a demonstrated risk factor for developing depression. Several cross sectional studies have suggested an increased depression-obesity association in females (42). In our study as well, the prevalence of depression was higher in females. However, BWV–associated risk of depression was stronger in males.

Previous studies have mostly focused on the association between advanced stage of diabetes (more oral antidiabetic medication or longer duration of DM) and increased risk of depression in type 2 DM patients with obesity (43, 44). However, we found a reverse association between the severity of diabetes and depression in type 2 patients with BWV (i.e., the risk of depression was higher in less severe diabetic status). Although the mechanism is currently unclear, depression caused by BWV seems to have a different mechanism from depression caused by obesity in patients with type 2 DM. In addition, since men with less severe diabetes have a lower risk of depression compared to women with advanced diabetes, the relative risk of depression caused by BWV might be greater in these groups. Further research is warranted to confirm the background mechanisms and should more focus on several antidiabetic medications on the risk of depression [such as metformin, which is known to be associated with decreased rate of incident depression in recent study (45)] in time and dose dependent manner.

Several limitations should be considered when interpreting our results. First, the diagnosis of depression was based on claim data, and therefore some degree of misclassification is possible. Second, whether weight change was intended or naturally occurring was unknown. Third, restriction of the analysis to Koreans reduces generalizability. Fourth, as in any retrospective study, reverse causality might be overlooked. Therefore, we set a 2 year lag period and excluded previous depression diagnosis to avoid reverse causation as much as possible. Further study is needed to consider causality in prospective design. Fifth, variability independent of the mean (VIM) was used as the primary measure of BWV and as this is a mathematical estimation clinical relevance should be considered in interpretation.



CONCLUSIONS

This large cohort study confirmed that BWV was significantly associated with an increased risk of depression in patients with type 2 DM. The magnitude of depression risk was greater in those who were not obese at baseline. Thus, BWV may serve as an indicator for early detection of depression in type 2 DM patients.
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