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Abstract 

Introduction: Neuroinflammation is associated with depression and anxiety risk, both of 

which demonstrate a bilateral relationship with cardiometabolic disorders. Systemic 

inflammation is also commonly described in patients with cardiometabolic disorders. It is, 

thus, unclear whether pro-inflammatory cytokines might mediate the relationship between 

depression, anxiety, and cardiometabolic disorders, particularly in advanced ages.  

Methods: The multiethnic ≥ 50-year-old study population is a subset of the Health and Aging 

Brain Study: Health Disparities (HABS-HD). Adjusted logistic and linear regression models 

were applied to assess associations. Non-linearity was evaluated using restricted cubic 

splines. Statistical mediation analysis was used to determine the role of inflammation 

(Tumor Necrosis Factor-alpha (TNF-alpha) and Interleukin-6 (IL-6)). Models were corrected 

for multiple testing using the False Discovery Rate (FDR)-method. 

Results: In the 2,093 included cases, depression and/or anxiety were significantly associated 

with 62% higher odds of Cardiovascular Disorder (CVD) (OR=1.62 [95% CI: 1.22-2.15]), 54% 

of type 2 diabetes (T2DM) (OR=1.54 [95% CI: 1.29-1.85]), 26% of hypertension (OR=26% 

[95% CI: 1.07-1.48]), and 29% of obesity (OR=1.29 [95% CI: 1.11-1.51]). 

Only IL-6 showed a significant mediating role in the association of depression and/or anxiety 

with CVD (10%, p-valueFDR=0.016), T2DM (13%, p-valueFDR<0.001), hypertension (16%, p-

valueFDR<0.001), and obesity (23%, p-valueFDR<0.001).  

Conclusions: Depression and anxiety were significantly associated with higher odds of major 

cardiometabolic disorders, and IL-6 partly mediated these associations. Clinical studies are 

needed to replicate the findings and specifically cluster high-risk profiles.  
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1. Introduction  

Depression and anxiety are the most prevalent mental health disorders worldwide and have 

a high impact on the quality of life of affected persons. (1) They are also associated with 

higher morbidity and mortality rates across different age groups. (1) Several risk factors are 

involved in their pathophysiology and evolution. Childhood adversities, (2, 3) chronic 

emotional stress, (4) traumatic events, (5) and predisposing mental illnesses, be of 

psychiatric, (6) neurodevelopmental, (7) or neurological (8, 9) nature, might all present 

favorable grounds for developing a depressive or anxiety disorder.   

Recent studies have highlighted the role of neuroinflammation in the genesis of mental 

disorders through increased activation of microglia and astrocytes and the secretion of pro-

inflammatory cytokines. (10) Elevated levels of Tumor Necrosis Factor (TNF)-alpha and 

Interleukin (IL)-6 are particularly associated with depression and/or anxiety by disrupting the 

production and function of the neurotransmitters. (11-13) Similarly, systemic low-grade 

inflammation can induce comparable effects after breaching the blood-brain barrier and 

majoring the underlying neuroinflammatory process. (14) (Neuro-)Inflammation is also 

associated with structural (15) and functional (16) remodeling of the brain structures and 

hyperactivation of the hypothalamic-pituitary-adrenal (HPA) axis, aggravating the systemic 

stress reaction. (13, 17, 18) 

The association between neuroinflammation and depression is bidirectional, complex, and 

involves intricate mechanisms. (10) While there is stronger evidence of the association 

between systemic inflammatory biomarkers and depression, (19, 20) fewer studies reported 

similar observations in patients with anxiety and stress disorders. (21) Noteworthy is, thus, 

the high comorbidity between depression and anxiety and their mutual interactions. (22) 
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Epidemiological data are also in favor of a significant association between cardiometabolic 

disorders, depression, and anxiety. People with cardiovascular diseases (CVD) are at higher 

risk of developing depression and vice versa. (23) Similarly, there is a significant association 

between diabetes and depression, as depression predicts the onset of type 2 diabetes 

mellitus (T2DM) (24), and patients with T2DM tend to develop depression in the course of 

their disease. (25) Anxiety was also highly reported in patients with hypertension (26) and 

obesity. (27)  

The mechanisms through which mental health disorders might interact with cardiometabolic 

disorders are still not well understood. Published studies explored several coexisting 

associations independently and without detailing whether a mediation effect can explain the 

variations. Furthermore, most published data covered young (28-32) and white populations, 

(20, 33-35) and there is a serious lack of data on ethnic minorities and persons of advanced 

ages, both of which are considered high-risk groups for depression and anxiety. (36, 37) The 

main aim of the current study was to assess whether pro-inflammatory cytokines, 

biomarkers of systemic inflammation, might have, statistically, a significant mediating effect 

in the association between depression, anxiety, and cardiometabolic disorders.  

2. Methods 

The study was performed following the Strengthening the Reporting of Observational 

Studies in Epidemiology (STROBE) guidelines. (38) 

2.1. Study population  
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The study population was recruited and followed at the Institute of Translational Research at 

the University of North Texas Health Science Center (UNTHSC) as a subset of the Health and 

Aging Brain Study: Health Disparities (HABS-HD) project.  

The mono-site HABS-HD is a continuum of the Health & Aging Brain among Latino Elders 

(HABLE) study, which aimed to improve the understanding of Alzheimer’s Disease-related 

health disparities in older Hispanic adults in the United States (i.e. Mexican Americans) in 

contrast with non-Hispanic White Americans, and was initiated in September 2017. Distinct 

from other large-scale clinic-based cohorts, this community-based study recruited 

participants in community-based events and through media. Snowball recruitment 

(participants refer others into the study) was regularly observed. (39) The enrollment of an 

additional 1,000 Black Americans started in February 2021, with a renaming of the cohort to 

HABS-HD and the actualization of its aims. All participants underwent regular clinical, 

neuropsychological, biological, and neuroimaging screenings at 24–30-month intervals 

(interview, functional exam, cognitive battery, physical exam, informant interview, blood 

draw, proteomics, exosome assays, magnetic resonance imaging, amyloid and tau positron-

emission tomography, and consensus classification). (39) A licensed clinician assigned 

medical research diagnoses based on medical history, medication, clinical laboratory results, 

and objective measures. Participants were not eligible if they had Type-1 diabetes, severe 

physical and mental health conditions, active infections, alcohol/substance use disorders, or 

dementia other than Alzheimer’s type. (39) The statistical analysis of the current study was 

performed between December 2024 and February 2025 and used data from the 5
th

 release 

of HABS-HD.  
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HABS-HD is funded by grants from the National Institute on Aging (NIA) and, in 2020, 

UNTHSC provided funding for the addition of 1,000 African Americans to the cohort. 

All procedures contributing to this work comply with the ethical standards of the relevant 

national and institutional committees on human experimentation and with the Helsinki 

Declaration of 1975, as revised in 2013. Ethical approval was obtained from the local 

institutional reviewing board (North Texas Regional Institutional Review Board). Participants 

gave written informed consent. The current research is based on a secondary analysis of De-

Identified data.  

2.2. Depression and anxiety 

Participants were reported positive for depression or anxiety if they met the following 

criteria:  

• Depression: (1) Self-reported medical history of depression OR (2) Self-reported 

specific medication OR (3) Geriatric Depression total Score (GDS) ≥ 10 points. (40) 

• Anxiety: (1) Self-reported medical history of anxiety (across the broad spectrum of 

anxiety disorders), OR (2) self-reported specific medication. 

Anxiety and depression are not mutually exclusive, and because of the high comorbidity 

between them in the cohort, they were integrated into one variable (independent variable).  

Seeing the community-based aspect of the study, diagnoses were mainly based on 

information gathered during interviews, without referring to medical records. Participants 

were expected to disclose current relevant diagnoses and medications. However, the lack of 

medical records limits information availability and specificity on the lifetime evolution of 
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disclosed diagnoses. GDS was, however, performed at baseline by a certified trained 

neuropsychologist.  

2.3. Cardiometabolic risk factors   

Cardiometabolic disorders are reported as binary variables and defined in the study as 

follows:  

• Cardiovascular disease (CVD) is defined as a “positive past medical history of heart 

attack, heart failure, cardiomyopathy, atrial fibrillation, or heart valve replacement”, 

OR “relevant medication”. 

• Type 2 Diabetes Mellitus (T2DM) if “HbA1c ≥ 6.5 (%)” OR “past medical history of 

diabetes”, OR “relevant medication”. As previously mentioned, participants with type 

1 diabetes were not eligible for the study. 

• Dyslipidemia is defined as “Low-Density Lipoprotein (LDL) ≥ 120”, OR “Total 

Cholesterol ≥ 240”, OR “Triglycerides (TG) ≥ 200”, OR “Past medical history of high 

Cholesterol”, OR “relevant medication”. 

• Hypertension is defined as a “past medical history of hypertension”, OR “consistent 

elevation of blood pressure across both measurements”, OR “at least two blood 

pressure readings of Systolic Blood Pressure (SBP) ≥ 140 mmHg or Diastolic Blood 

Pressure (DBP) ≥ 90 mmHg”, OR “relevant medication”.  

Furthermore, Body Mass index (BMI) is defined as the result of weight (Kg) / height (m)
2
. 

Fasting levels of total cholesterol, HDL-cholesterol, LDL-cholesterol, and triglyceride were 

reported in mg/dL. Fasting HbA1c was reported in percentage (%). 
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2.4. Inflammation 

Systemic inflammation was evaluated based on serum levels of the two most reliable 

cytokines, TNF-alpha and IL-6, measured in the fasting blood serum and reported in pg/mL. 

Details were previously described in the methodological study. (39) 

2.5. Statistical analyses 

The statistical analysis and data visualization were performed using RStudio version 

2024.04.1. Continuous variables were reported in medians with interquartile ranges (IQR), 

and count variables were reported as numbers with percentages (%). TNF-alpha and IL-6 

were log-transformed. Wilcoxon rank sum test (Mann-Whitney U), Pearson’s Chi-squared 

(X
2
) test, and X

2
 Kruskall-Wallis were applied for group comparison, and the corresponding 

p-values were reported.  

Associations were explored using multivariable linear regression models for continuous 

dependent variables and multivariable logistic regression models for binary dependent 

variables. Models were adjusted for age (years), sex (“female” vs. “male”), self-reported 

ethnic group (“non-Hispanic white”, “Hispanic”, or “African American”), educational 

background (years), binary assessment of the current smoking status, and BMI (except for 

obesity models). Models were tested for non-linearity using restricted cubic splines, and 

only relevant outcomes were visualized.   

Owing to a large loss of follow-up at 24 months and the low number of incident cases of 

cardiometabolic disorders reported during the follow-up, the current study followed only a 

cross-sectional design using baseline data.  

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted May 6, 2025. ; https://doi.org/10.1101/2025.04.14.25325836doi: medRxiv preprint 

https://doi.org/10.1101/2025.04.14.25325836
http://creativecommons.org/licenses/by-nc-nd/4.0/


 10

Assumptions required for causal inference are generally not completely met in cross-

sectional studies, and particularly in the current study, the chronological order of events can 

not be determined. Therefore, a non-causal statistical mediation analysis was performed to 

understand the relationship between variables and explain statistical variations. Statistical 

mediation analysis was performed following a 1000-fold non-parametric bootstrapping 

method, and the age and sex-adjusted Average Causal Mediation Effects (ACME), Average 

Direct Effects (ADE), and Total Effect, as well as their corresponding 95% confidential interval 

(95% CI), were visualized. The percentage of mediated effect (rounded value) was calculated 

as the proportion of ACME of the Total Effect and reported with the corresponding p-value. 

To reduce type I errors in the different outcomes of interest, adjusting for multiple testing 

was performed using the False Discovery Rate (FDR) method, and resulting pFDR-values were 

reported. The significance level of the two-sided p- and pFDR-values was set at 0.05.  

3. Results  

3.1. Study population  

The study included 2,093 participants aged between 50 and 92 years with a median age of 

66 (IQR: 59-72). Among these, 44% disclosed themselves as “White”, 44% as “Hispanic”, and 

12% as “Black”. Women represented 62% of the study population. At baseline, 712 (34%) 

were diagnosed with depression and 360 (17.2%) with anxiety (Table 1). Depression and 

anxiety were simultaneously diagnosed in 281 cases (13.4%), while 431 (20.6%) had 

depression without anxiety, and 79 (3.8%) had only anxiety without depression.  

Cases with depression were significantly younger (65 vs. 66 years, p-value=0.033), 

predominantly females (71% vs. 57%, p-value<0.001), less educated (13 vs. 14 years, p-

value<0.001), and had higher BMI (30 vs. 29, p-value<0.001). More obesity (53% vs. 43%, p-
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value<0.001), hypertension (67% vs. 62%, p-value=0.042), and T2DM (31% vs. 22%, p-

value<0.001) were reported in cases with depression compared to those without 

depression. Biologically, only serum Triglyceride (119 vs. 108 mg/dL, p-value=0.001) and log 

IL-6 levels (-0.10 vs. 0.01, p-value<0.001) were significantly higher in cases with depression 

(Table 1).  

Similarly, cases with anxiety tend to be significantly younger (64 vs. 66 years, p-value<0.001), 

predominantly females (75% vs. 59%, p-value<0.001), have higher BMI (30 vs. 29, p-

value=0.011) and obesity (52% vs. 45%, p-value=0.012). Biologically, serum Triglyceride and 

log IL-6 levels were also higher in cases with anxiety than those without (119 vs. 110, p-

value=0.020, and 0.05 vs. -0.07, p-value<0.001, respectively). Cases with anxiety tend to be 

current smokers (8.5% vs. 5.3%, p-value=0.015) (Table 1). Hispanic and Black participants 

had significantly higher GDS scores than the white non-Hispanic ones (p-value FDR <0.001, 

respectively) (Figure 1.a.). 

GDS showed a significant non-linear relationship with the predicted odds of anxiety (p-value 

non-linear <0.001), and particularly GDS values higher than the median (five points) were 

exponentially associated with increased odds of reporting anxiety (Figure 1.b.).  

 
Figure 1: Geriatric Depression Scale and Associations. 1.a.) Geriatric Depression Scale scores in different 

ethnic groups: X
2 

Kruskal-Wallis analysis. 1.b.) Geriatric Depression Scale score and association with anxiety: 

Non-linear model. 
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TNF-alpha levels showed no significant difference between those with depression and/or 

anxiety and healthy controls (Supplementary Figure 1.a.). Participants with depression 

and/or anxiety had significantly higher BMI (Supplementary Figure 1.b.), IL-6 

(Supplementary Figure 1.c.), and HbA1c levels (Supplementary Figure 1.d.). 

An increase of one point in GDS score was significantly associated with an increase in HbA1c 

by 0.03 % (Adj. ß= 0.03 (0.02-0.04), p<0.001) (Supplementary Figure 2.a.). An increase of 

HbA1c by 1% was significantly associated with an increase of GDS by 0.51 points (Adj. ß= 

0.51 (0.32-0.69), p<0.001) (Supplementary Figure 2.b.).  

There was also a significant bilateral association between GDS and BMI, thus with lower 

coefficients (Supplementary Figure 2.c. and Supplementary Figure 2.d.).  

3.2. Systemic inflammation 

Neither TNF-alpha levels were significantly associated with variations in GDS scores, nor GDS 

scores with variations in TNF-alpha levels (Figure 1.c. and Figure 1.d.). In contrast, an 

increase in log IL-6 was associated with higher GDS scores (Adj. ß= 0.71 (0.35-1.1), p<0.001) 

(Figure 1.e.). Weaker is the significant association of the GDS score with an increase in log IL-

6 (Adj. ß= 0.01 (0.00-0.02), p<0.001) (Figure 1.f.).  

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted May 6, 2025. ; https://doi.org/10.1101/2025.04.14.25325836doi: medRxiv preprint 

https://doi.org/10.1101/2025.04.14.25325836
http://creativecommons.org/licenses/by-nc-nd/4.0/


 
Figure 1: Geriatric Depression Scale and Associations. 1.c.) & 1.d.) Geriatric Depression Scale score and 

association with Tumor Necrosis Factor-alpha levels. 1.e.) & 1.f.) Geriatric Depression Scale score and 

association with Interleukin-6 levels. 

 

An increase in Log TNF-alpha was significantly associated with an increase in BMI (Adj. ß= 

2.9 (2.3-3.6), p<0.001), particularly in obese cases (blue) (Supplementary Figure 3.a.), while 

an increase in BMI was slightly associated with higher Log TNF-alpha levels (Adj. ß= 0.01 

(0.01-0.01), p<0.001) (Supplementary Figure 3.b.). Similarly, an increase in log IL-6 levels 

was significantly associated with an increase in BMI (Adj. ß= 3.4 (3.1-3.8), p<0.001), 

particularly in obese cases (blue) (Supplementary Figure 3.c.). Higher BMI was also 

significantly associated with a slighter increase in log IL-6 (Adj. ß= 0.04 (0.04-0.04), p<0.001) 

(Supplementary Figure 3.d.). 

3.3. Depression, anxiety, and cardiometabolic risks 

Depression and/or anxiety were significantly associated with 56% higher odds of CVD 

(OR=1.56 [95% CI: 1.11-2.19]), 49% of T2DM (OR=1.49 [95% CI: 1.19-1.85]), 25% of 

hypertension (OR=25% [95% CI: 1.02-1.53]), and 37% of obesity (OR=1.37 [95% CI: 1.14-

1.65]). The results are visualized in Figure 2.a. and summarized in supplementary table 1. 
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A sensitivity analysis using GDS as independent continuous variable showed that an increase 

of one point in GDS score was significantly associated with 4% higher odds of CVD (OR=1.04 

[95% CI: 1.01-1.07]), 3% of T2DM (OR=1.03 [95% CI: 1.01-1.05]), 2% of dyslipidemia 

(OR=1.02 [95% CI: 1.00-1.04]), hypertension (OR=1.02 [95% CI: 1.00-1.04]), and obesity 

(OR=1.02 [95% CI: 1.01-1.04]). The results are visualized in Figure 2.b. and summarized in 

supplementary table 2. 

 
Figure 2: Depression, anxiety, and odds ratios of cardiometabolic disorders. 2.a.) Depression and/or anxiety, 

and odds ratios of cardiometabolic disorders. 2.b.) Geriatric Depression Scale and odds ratios of 

cardiometabolic disorders. 

 

A further sensitivity analysis of results obtained with depression and anxiety, separately, as 

independent variables can be found in Supplementary Figure 4 and detailed in 

supplementary Tables 3 and 4. Depression and anxiety are not mutually exclusive. 

Therefore, the anxiety analysis included cases with comorbid depression, and the depression 

analysis included cases with comorbid anxiety. Exploring them separately showed a 

significant decrease in the statistical power.  

3.4. Depression, anxiety, and the mediating effect of inflammation  
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TNF-alpha did not show any significant mediating effect in the relationship between 

depression and/or anxiety and different cardiometabolic disorders (Figure 3.a.).  

Il-6 statistically mediated 10% (p-value FDR=0.016), 13% (p-value FDR<0.001), 16% (p-value 

FDR<0.001), and 23% (p-value FDR<0.001) of the association between having a depression 

and/or anxiety and CVD, type 2 diabetes, hypertension, and obesity, respectively. The 

different associations are visualized in Figure 3.b..  

 
Figure 3: Visualization of mediating analysis. 3.a.) Tumor Necrosis Factor-alpha as mediator. 3.b.) Interleukin-6 

as mediator. 

 

4. Discussion  

The study explored the statistical mediating effect of IL-6 and TNF-alpha in the association 

between depression and/or anxiety and cardiometabolic disorders in middle-aged and older 

adults with a multiethnic background. Hispanic and Black participants had significantly 

higher GDS total scores than non-Hispanic White participants. While the study highlighted a 

significant association between depression and/or anxiety and higher odds of CVD, T2DM, 

hypertension, and obesity, IL-6 had a statistical mediating effect ranging between 10% and 
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23% on these associations. TNF-alpha, however, had a non-significant mediating effect in the 

association between depression and/or anxiety and the studied cardiometabolic disorders. 

• Depression 

Longitudinal studies are in favor of a bidirectional association between inflammation and 

depression. While high IL-6 levels predict depression onset after seven years of follow-up, a 

baseline depressive status predicts, after the same period, consequent CRP elevation. (41) 

This association starts at an early age and has a long-lasting effect. In children, higher serum 

IL-6 and CRP levels were associated with higher depression risk in their young adult life. (31) 

In older adults, higher systemic IL-6 and TNF-alpha levels are associated with suicide risk, 

(42) reflecting the severity of the underlying depressive symptoms. The association between 

proinflammatory cytokines and depression and/or anxiety is complex and might be subject 

to sex-specific patterns. (43) Il-6 is a precursor of CRP (10) and therefore only IL-6 was 

considered in the current analysis dedicated to pro-inflammatory cytokines IL-6 and TNF-

alpha.     

• BMI and obesity 

Depressed patients with higher BMI tend to express higher systemic inflammatory 

biomarkers. (44) Furthermore, high levels of inflammatory biomarkers and depression are 

independently associated with less weight loss in patients following bariatric surgery. (45) In 

pregnant women, preexisting obesity is associated with higher pro-inflammatory cytokine 

levels and predicts a higher risk of antenatal depression. (46) Similarly, higher levels of 

proinflammatory cytokine in obese patients predict higher depressive symptoms and lower 

self-esteem. (44) Overweight and obese antidepressant-naïve adolescents diagnosed with 
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depression have higher severity symptoms, including suicidality, in addition to higher 

systemic IL-6 compared to the lean control group, (29) and adolescents with MDD have 

higher TNF-alpha levels than healthy controls. (47) IL-6 is also associated with cognitive 

dysfunction in adolescents with severe depression and high BMI. (30) Thus, only a few 

studies explored the simultaneous interaction between depression, obesity, and cytokines. 

While IL-6 is a significant element in the depression-obesity relationship, (48) the role of 

TNF-alpha is controversial and still needs to be further explored. (49) The current study 

failed to show a statistical mediating effect of TNF-alpha on the association with obesity. 

• Diabetes 

The mediating effect of pro-inflammatory cytokines on depression has been demonstrated 

in patients with type 1 diabetes. (50) However, participants with type 1 diabetes were not 

included in the source cohort. A few studies explored this association in persons with T2DM 

and showed inconsistent results. (51) Some genetic variabilities coding for the innate 

immune system are shared between depression and T2DM. (52) In a biopsychological study, 

a stress-induced increase in IL-6 levels in patients with T2DM predicted higher depression 

scores. (53) Furthermore, an improvement in depressive symptoms in patients with T2DM 

was associated with a decrease in inflammation biomarkers during the follow-up. (54) The 

current analysis showed significant positive bilateral associations between GDS and HbA1c. 

Furthermore, IL-6 had a significant statistical mediating effect in the association between 

depression, anxiety, and T2DM.   

• Dyslipidemia  
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Very limited data is available on the association between depression and/or anxiety, 

neuroinflammation, and dyslipidemia. The current study failed to show robust associations 

between depression and/or anxiety, and dyslipidemia. Only GDS was a significant predictor 

of dyslipidemia, but not the primary analysis. Rodent studies have shown that a high-fat-diet 

induced depression-like behavior in mice and up-regulated Glycerol-3-phosphate 

acyltransferases 4 (GPAT4)-expression in their Hippocampus. (55) The GPAT4 is expressed in 

the brain and is responsible for Triacylglycerol synthesis and obesity. In addition to higher 

lipid levels in mice who received a high-fat diet, their IL-6 and TNF-a levels were significantly 

higher than the control group. (55) In another study, Simvastatin-based lipid-lowering 

therapy reduced the inflammatory remodeling in the hippocampus of mice with high-fat-

diet-induced depression-like symptoms. (56) Further interventional studies are needed to 

better understand the particularities of the depression/anxiety-inflammation-dyslipidemia 

association.  

• Hypertension  

Similarly, there are limited studies on the effect of inflammation on the association between 

depression and/or anxiety and hypertension. The expression of the norepinephrine 

transporter (NET) gene might impact IL-6 and TNF-alpha levels and interact with depression 

and hypertension risks. (57) Furthermore, high IL-6 levels and hypertension were predictors 

of depression in hemodialyzed patients, while only hypertension predicted anxiety in this 

same group. (58) 

Endothelial dysfunction is associated with hypertension and depression in older adults. (59) 

In rodent models, the stress-induced depressive-like behavior was associated with an 

increase in IL-6 and TNF-alpha levels and endothelial dysfunction. (60) Only IL-6 showed a 
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significant mediating relationship in the current study, and no data on potential concomitant 

endothelial dysfunction are available.  

• Cardiovascular diseases 

The association between depression and CVD is bidirectional, and various underlying 

mechanisms are implicated. (23) Inflammation might play a pivotal role in bridging the path 

between both diseases. Large Mendelian randomization studies have demonstrated a causal 

effect of IL-6 and IL-6 receptors on CVD risk; as a genetic polymorphism responsible for 

lower IL-6 levels is associated with lower risks of CVD  (61, 62) and depression. (19) 

Psychotherapeutic treatment for major depressive disorder was significantly associated with 

improved heart rate variability but not with inflammatory biomarker levels (IL-6, TNF-alpha, 

and CRP). (63) However, combining physical activity with psychotherapy in the therapeutic 

management of depression had a beneficial impact on their immunological biomarkers.  (64) 

In the current study, depression and/or anxiety were strongly associated with CVD, and this 

association was partly mediated by IL-6. It is, therefore, important to acknowledge the 

importance of mental health in the therapeutic management of cardiovascular diseases and 

vice versa.   

• Anxiety 

Studies on the association between anxiety, cardiometabolic disorders, and inflammation 

are limited, non-conclusive, and most of them explored anxiety and depression as a 

comorbid condition. A large US study on adults aged between 30 and 54 years showed that 

anxiety, measured using the Trait Anxiety scale of the State-Trait Anxiety Inventory (STAI-T), 

was neither significantly associated with IL-6, nor CRP levels, in contrast with the significant 
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results using depression scores. Higher STAI-T scores were, thus, significantly associated with 

higher Triglyceride levels. (65) Another large population study on Swiss adults aged between 

35 and 66 found no significant association between anxiety on one side and IL-1ß, IL-6, TNF-

alpha, and CRP on the other side. (66) Similarly, a further large population study on Dutch 

adults with a mean age of 41.9 years showed a significant association between the anxious 

distress symptom dimension and inflammation index (IL-6 and CRP-based) at baseline but 

not during the follow-up or in those with concomitant depression. (67) There was also no 

significant association with the metabolic syndrome index in this same study. (67) A 

randomized controlled trial showed, however, that inhibiting TNF-alpha activity by 

administrating Infliximab to patients with baseline CRP levels > 5 mg/L induced a reduction 

in anxiety symptoms compared to those who received a placebo. (68) Larger clinical studies 

in anxiety patients, with and without depression, are needed in order to better understand 

the associations and patterns.   

• Strengths 

The main novelty of the study resides in the large number of included participants of 

advanced ages and multiethnic backgrounds. This allows for better generalizability of the 

results and presents a newer perspective contrasting with most published data, mainly 

based on findings in white and younger participants. The large number of participants with 

complete data on cardiovascular, metabolic, depressive, and anxiety disorders, and the 

availability of immunological assessments is a further strength. The mono-cite recruitment 

of participants allowed for homogeneous assessment strategies and presented an advantage 

for the data quality. Furthermore, this is the first study to explore the statistical mediating 
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effect of pro-inflammatory cytokines on associations between depression, anxiety, and 

different cardiometabolic disorders.  

• Limitations  

Despite the novelty of the findings, the study has some limitations. First, the definition of 

depression and anxiety is mainly based on self-disclosed medical history and medications, 

and only one test was performed to screen for depression. This might have induced some 

form of recall bias and does not allow for a solid objectivation of anxiety disorders. GDS total 

score was, thus, significantly predictive of concomitant anxiety, highlighting the validity of 

the disclosed diagnoses. While participants might also have disclosed the duration of their 

mental health disorder, this exact onset date remains uncertain and prone to recall bias, as 

well. Therefore, the duration of depression and/or anxiety remained outside the scope of 

the current analysis. Seeing the community-based aspect of the source cohort, diagnoses 

were mainly based on information gathered during interviews, and no previous medical 

records were available. Anxiety was broadly assessed without details about sub-

classifications. This is a recognized limitation of population- and register-based studies. 

Clinical studies are, therefore, needed to replicate the findings.  

 It is also important to recognize that many factors (microbiome of the gastrointestinal tract, 

stress, vitamin D levels, physical activity, diet, anticoagulants) might influence cytokine 

levels, leading to between and within individual variabilities. (10, 69) These factors were not 

controlled for in the analysis, either owing to their non-availability in the source cohort or to 

simplify the interpretability of the results and reduce the risks of overfitting. There is also no 

data on the IL-6 and TNF-alpha levels in the CFS of included patients, and the analysis was 

only based on cytokines as biomarkers of systemic inflammation. Furthermore, the cross-
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sectional design does not allow for a conclusion on a causal effect, and larger longitudinal 

population-based studies are needed.         

5. Conclusions   

Depression and/or anxiety are associated with higher odds of cardiometabolic disorders in 

multiethnic middle-aged and older adults, and systemic inflammation, especially IL-6, plays a 

significant mediating role in this association. These results highlight the need for more 

multidisciplinary approaches to manage physical and psychological well-being, particularly in 

older populations. Clinical studies are needed to replicate the findings and specifically 

cluster at-high-risk profiles. Further research also needs to explore targeted interventions to 

reduce neuroinflammation and the consequent impact on cardiovascular risks in patients 

with depressive and anxiety disorders.   
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Captions: 

• Figures  

Figure 1: Geriatric Depression Scale and Associations. 1.a.) Geriatric Depression Scale 

scores in different ethnic groups: X
2 

Kruskal-Wallis analysis. 1.b.) Geriatric Depression Scale 

score and association with anxiety: Non-linear model. 1.c.) & 1.d.) Geriatric Depression 

Scale score and association with Tumor Necrosis Factor-alpha levels. 1.e.) & 1.f.9 Geriatric 

Depression Scale score and association with Interleukin-6 levels. 

Caption: IL-6: Interleukin-6, TNF-alpha: Tumor Necrosis Factor-alpha. Blue: Obese cases with 

BMI ≥ 30. Yellow: Non-obese cases with BMI < 30. 

Figure 2: Depression, anxiety, and odds ratios of cardiometabolic disorders. 2.a.) 

Depression and/or anxiety, and odds ratios of cardiometabolic disorders. 2.b.) Geriatric 

Depression Scale and odds ratios of cardiometabolic disorders. 

Figure 3: Visualization of mediating analysis. 3.a.) Tumor Necrosis Factor-alpha as mediator. 

3.b.) Interleukin-6 as mediator. 
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• Supplementary Figures: 

Supplementary Figure 1: Comparison of biological biomarker levels between participants 

with depression and/or anxiety. 1.a) Log TNF-alpha (pg/mL). 1.b) Log IL-6 (pg/mL). 1.c) BMI. 

1.d) HbA1c (%).  

Caption: BMI: Body Mass Index, HbA1c: Glycated Hemoglobin A1c, IL-6: Interleukin-6, TNF-

alpha: Tumor Necrosis Factor-alpha.  

Supplementary Figure 2: Association between geriatric depression scale, BMI, and HbA1c. 

2.a. Geriatric depression scale as predictor for HbA1c. 2.b. HbA1c as predictor for geriatric 

depression scale. 2.c. Geriatric depression scale as predictor for BMI. 2.d. BMI as predictor 

for geriatric depression scale. 

Caption: BMI: Body Mass Index, HbA1c: Glycated Hemoglobin A1c. Blue: Obese cases with 

BMI ≥ 30. Yellow: Non-obese cases with BMI < 30. 

Supplementary Figure 3: Association between TNF-alpha, IL-6, and BMI. 3.a. TNF-alpha as 

predictor for BMI. 3.b. BMI as predictor for TNF-alpha. 3.c. IL-6 as predictor for BMI. 3.d. as 

BMI predictor for IL-6.  

Caption: BMI: Body Mass Index, IL-6: Interleukin-6, TNF-alpha: Tumor Necrosis Factor-alpha. 

Blue: Obese cases with BMI ≥ 30. Yellow: Non-obese cases with BMI < 30. 

Supplementary Figure 4: Depression, anxiety, and odds ratios of cardiometabolic 

disorders. 2.a.) Depression and odds ratios of cardiometabolic disorders. 2.b.) Anxiety and 

odds ratios of cardiometabolic disorders. 

Caption: Analysis of depression included also cases of depression with comorbid anxiety, 

and analysis of anxiety included also cases of anxiety with comorbid depression.  
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