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Background: Coronary heart disease (CHD) and depression are highly comorbid and increase mortality risk. Although age-related 
eye diseases (AREDs) are independently associated with CHD and depression, their link to comorbidity remains unknown. Therefore, 
we aim to investigate the association between AREDs and the comorbidity of CHD and depression.
Methods: Using UK Biobank data, we conducted a prospective cohort analysis with baseline assessments from March 2006 to 
December 2010 and follow-up until July 2021. AREDs include age-related macular degeneration, glaucoma, cataract, and diabetes- 
related eye diseases (DRED). Incident cases were identified via self-reports and hospital records. Multivariable Cox proportional 
hazard regression models were applied to investigate the association between AREDs and comorbidity risk.
Results: Among 116,501 participants free of CHD and depression at baseline, 7,750 (6.65%), 3,682 (3.16%), and 741 (0.64%) 
developed CHD, depression, and their comorbidity over a mean of 11.82 years (inter-quartile range: 11.51–13.11) of follow-up. After 
adjusting for confounders, individuals with AREDs had a higher risk of developing CHD (hazard ratio [HR] 1.10, 95% confidence 
interval [CI]: 1.03–1.17), depression (HR 1.28, 95% CI: 1.16–1.42), and comorbidity (HR 1.37, 95% CI: 1.12–1.67). Compared to 
those without AREDs, individuals with cataract were associated with increased risks of comorbidity (HR 1.57, 95% CI: 1.23–2.03) 
and depression (HR 1.26, 95% CI: 1.10–1.43), while those with DRED had an increased risk of incident CHD (HR 1.33, 95% CI: 
1.13–1.56).
Conclusion: The study found that individuals with AREDs had a higher risk of comorbid CHD and depression than of either 
condition independently. Our findings highlighted the importance of screening for the comorbidity of CHD and depression in the 
longitudinal management of AREDs.
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Introduction
Coronary heart disease (CHD) is the leading cause of mortality and disability worldwide.1–3 Among individuals with 
CHD, depression is highly comorbid, with a prevalence of approximately 15–30%.4,5 Depression is a risk factor for CHD 
and patients combined with CHD and depression have a worse prognosis than those with only one of the conditions.5–9 

Based on the above evidence, it can be concluded that CHD and depression are strongly linked and early screening and 
management of patients with a comorbidity of diseases is necessary.
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Growing evidence has supported that age-related eye diseases (AREDs) are related to an increased risk of both CHD 
and depression.10–14 For example, a study from the Korean National Health Insurance System database found that age- 
related macular degeneration (AMD) was associated with an increased risk of myocardial infarction (MI).15 Another 
study from Australia reported that individuals with AREDs have a higher risk of depression compared to those without.16 

As AREDs are major causes of vision impairment and blindness, they have garnered increasing attention.17,18 With 
advancements in eye health screening, AREDs can now be detected earlier. The chronic ocular inflammation in AREDs 
promotes systemic endothelial dysfunction while simultaneously disrupting neurotransmitter metabolism through shared 
inflammatory pathways.19,20 Furthermore, retinal microvascular abnormalities often parallel cerebral and coronary 
microcirculation defects, and vision-related circadian rhythm disturbances may concurrently impair cardiovascular and 
mood regulation.13,21 Given these potential mechanistic links and the clinical significance of comorbidity of CHD and 
depression burden, AREDs could disproportionately increase comorbidity risk compared to their effects on either disease 
individually. Understanding the precise relationship between AREDs and the future risk of comorbidities such as CHD 
and depression may enhance early diagnosis and enable timely intervention, potentially preventing the full onset of these 
clinical syndromes. However, to our knowledge, it is unclear whether the AREDs are associated with an increased risk of 
comorbidity of CHD and depression.

Therefore, we specifically investigates whether AREDs confer differential risk for comorbidity of CHD and depres
sion compared to their individual occurrences, which could reveal novel pathways for preventing multi-morbidity in 
aging populations. This study aims to examine the relationship between AREDs and the co-occurrence of CHD and 
depression in a population-based cohort.

Methods
Study Design and Population
The UK Biobank is a population-based cohort of more than 500,000 people, aged 40–70 years, recruited between 
March 2006 and December 2010 at 22 assessment centers throughout the UK. At baseline assessment, participants 
completed a touch-screen questionnaire covering demographic, socioeconomic and lifestyle, and had physical measure
ments taken. Participants provided written informed consent to participate in research as previously described. Further 
information about the study protocols is available online (https://www.ukbiobank.ac.uk/).

In the present study, 174,575 participants with complete information on eye diseases were included. Of which, 
participants diagnosed with CHD (n=10,877) or depression (n=10,687) at baseline were excluded. Those who had 
missing data on key variables required to define covariates were also excluded (n=36,510). Eventually, 116,501 subjects 
were included in the final analysis (Figure 1).

Ethics Statement
This research has been conducted using the UK Biobank Resource under Application Number 82906. This study was in 
accordance with the principles of the Declaration of Helsinki. The ethical approval was given by the National 
Information Governance Board for Health (headquartered at Skipton House, London SE1, UK) and Social Care and 
the NHS North West Multicentre Research Ethics Committee (based in Haydock, UK; reference number: 11/NW/0382). 
All participants had completed a written informed consent before enrolment. This study was exempt from approval by 
the institutional review board of the Guangdong Provincial People’s Hospital because it used publicly available data 
(registration number: KY-Q-2022-495-01).

AREDs
AREDs were defined as individuals with only one of the eye conditions, which include AMD, glaucoma, cataract, and 
diabetes-related eye disease (DRED). Those conditions were ascertained using the participants’ self-reported previous 
diagnosis and International Classification of Diseases (ICD) diagnosis codes (10th Revision, ICD-10, or 9th Revision, 
ICD-9). The Hospital Episode Statistics records (England and Wales) and the Scottish Morbidity Records (Scotland) 
were linked to the UK Biobank to determine the date and diagnosis for hospital admissions. Information on eye problems 
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was assessed in the baseline questionnaire by asking “Has a doctor told you that you have any of the following problems 
with your eyes?”. The participants were classified into AMD, glaucoma, cataract, and DRED based on their choice of 
answers to the corresponding question. DERD includes DR, diabetic AMD, diabetes-related glaucoma, and diabetes- 
related cataract. The control group included patients without any diagnosis of AREDs, CHD, or depression during the 
baseline investigation. Detailed information on ICD codes and self-reported fields for each condition are described in 
Table S1.

Ascertainment of Outcomes
Incident of comorbidity of CHD and depression was defined as individuals diagnosed with angina or MI and with 
depression between January 2011 and July 2021,22,23 regardless of the order in which the conditions were diagnosed. The 
outcomes were identified according to self-reported information and hospital inpatient records. The time at risk of 
comorbidity of CHD and depression was defined to start on the individual’s index date and end on the date when both 
conditions were first documented in the medical records or on the date of the study data extraction (August 10, 2021).

Figure 1 Selection process of the study population. 
Abbreviations: AREDs, age-related eye diseases; CHD, coronary heart disease.
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Covariates
In the UK Biobank, covariates were collected from standardized questionnaires, physical measurements, and biochemical 
measurements. Factors known to be associated with CHD and depression were included in the analyses as 
confounders.24–27 We assessed the following covariates: age at recruitment, sex (male, female), ethnicity (White, non- 
White), education level (college or university degree, other), Townsend deprivation, smoking status (former/current, 
never), alcohol consumption (former/current, never), physical activity (above moderate/ vigorous/ walking recommenda
tion, and not), body mass index (BMI), history of hypertension, history of hyperlipidemia, history of diabetes, and 
diabetes duration (detailed information are described in Table S1).

Statistical Analysis
The comparison of baseline characteristics stratified by the presence of AREDs was conducted using t-test for continuous 
variables and the χ2 test for categorical variables. The Cox regression hazard models were used to estimate the hazard 
ratios (HRs) and corresponding 95% confidence intervals (CIs) of the association between AREDs and CHD, depression, 
and their comorbidity. Three models were used. Model 1 was crude; model 2 was adjusted for age and sex, and model 3 
was adjusted for age, sex, ethnicity, education, Townsend Deprivation Index, smoking status, alcohol consumption, total 
physical activity level, BMI, history of hypertension, and history of hyperlipidemia and diabetes. The association 
between DRED and the outcomes was additionally adjusted for diabetes duration. Stratified analyses according to age 
(40–49 years, 50–59 years or ≥60 years),25 sex (female or male), smoking status (never or former/current), and drinking 
status (never or former/current) were further performed. We also conducted stratified analyses according to diabetes 
duration (<5 years, ≥5 to <10 years, or ≥10 years) for patients with DRED.28 We employed the Benjamini–Hochberg 
(BH) procedure for controlling the false discovery rate (FDR) which entailed the correction of p-values in the stratified 
multiple analyses, thereby facilitating efficient control of the FDR.29 To minimize the possibility of including prevalent 
cases in the present analysis, a sensitivity analysis was conducted to exclude individuals who developed CHD or 
depression within the first 2 years of follow-up. While our primary analysis focused on individuals with single eye 
conditions, we recognized that multiple coexisting eye diseases are clinically common. Therefore, we performed 
additional analyses in individuals with multiple ocular comorbidities to assess the robustness of our findings. To evaluate 
potential selection bias from missing data, we also performed a sensitivity analysis in the original dataset with missing 
data (153,011 participants). Multiple imputation by chained equations (MICE) with 5 imputations was performed to 
impute missing data, as the missingness rate was below 30%.30 All analyses were conducted using Stata version 16 
(StataCorp LLC, College Station, Texas, USA).

Results
Baseline Characteristics
The characteristics of participants according to AREDs status are summarized in Table 1. Participants with age-related 
eye diseases (AREDs) were significantly older, more likely to be male, predominantly of White ethnic background, and 
had lower educational attainment. They also had higher income levels, were more frequently former or current smokers, 
had a higher body mass index, were more likely to meet recommended physical activity levels, and had higher 
prevalence of diabetes mellitus, hypertension, and hyperlipidemia. The baseline characteristics stratified by outcomes 
are illustrated in Table S2.

Association of AREDs with Incident Comorbidity of CHD and Depression
During a mean of 11.82 years (IQR=11.51–13.11) of follow-up, CHD, depression, and their comorbidity were observed 
in 7,750 (6.65%), 3,682 (3.16%), and 741 (0.64%) participants, respectively.

The association of AREDs with comorbidity of CHD and depression is shown in Table 2 and Figure 2. In the crude 
model (model 1), participants with AREDs had a greater risk of developing comorbidity (HR=1.66, 95% CI: 1.36–2.01). 
Specifically, cataract and DRED were significantly associated with the outcome. After adjusting for age and gender 
(model 2), the presence of any AREDs (HR=1.42, 95% CI: 1.17–1.73), cataract (HR=1.42, 95% CI: 1.11–1.82), and 
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DRED (HR=3.91, 95% CI: 2.62–5.83) were significantly associated with comorbidity. After multivariate adjustment 
(model 3), the presence of AREDs remained significantly associated with comorbidity (HR = 1.37, 95% CI: 1.12–1.67). 
Notably, among the specific AREDs, only cataract remained significantly associated with comorbidity after multivariate 
adjustment (HR = 1.57, 95% CI: 1.23–2.03). However, after adjusting for the diabetes duration of DRED patients, no 
significant association was observed between AREDs and comorbidity. We further investigate the relationship between 
AREDs and incident CHD and depression (Tables S3 and S4). After multivariate adjustment (model 3), the presence of 

Table 1 Baseline Characteristics of Study Participants, According to the Presence of AREDs

Variables Total AREDs Control group P value

N 116,501 12,497 104,004
Age, mean (SD), years 57.00(8.08) 61.20(6.51) 56.50(8.11) <0.001*

Sex, n (%) <0.001*

Female 63,457(54.47) 6,589(52.72) 56,868(54.68)
Male 53,044(45.53) 5,908(47.28) 47,136(45.32)

Ethnicity, n (%) <0.001*

White 107,065(91.90) 11,596(92.79) 95,469(91.79)
Non-White 9,436(8.10) 901(7.21) 8,535(8.21)

Townsend index, mean (SD) −1.12(3.02) −1.31(3.04) −1.09(3.02) <0.001*
BMI, kg/m2, mean (SD) 27.30(4.73) 27.53(4.78) 27.28(4.72) <0.001*

Education level, n (%) 0.001*

College or university degree 40,314(34.60) 4,161(33.30) 36,153(34.76)
Others 76,187(65.40) 8,336(66.70) 67,851(65.24)

Smoking status, n (%) <0.001*

Never 65,244(56.00) 6,666(53.34) 58,578(56.32)
Former/current 51,257(44.00) 5,831(46.66) 45,426(43.68)

Alcohol assumption, n (%) 0.515

Never 5,762(4.95) 633(5.07) 5,129(4.93)
Former/current 110,739(95.05) 11,864(94.93) 98,875(95.07)

Physical activity, n (%) <0.001*

Not meeting recommendation 38,209(32.80) 2,284(18.28) 35,925(34.54)
Meeting recommendation 78,292(67.20) 10,213(81.72) 68,079(65.46)

Diabetes mellitus, n (%) 7,409 (6.36) 1,692 (13.54) 5,717 (5.50) <0.001*

Hypertension, n (%) 64,037(54.97) 8,217(65.75) 55,820(53.67) <0.001*
Hyperlipidemia, n (%) 54,831(47.06) 6,895(55.17) 47,936(46.09) <0.001*

Notes: Data are mean (SD) or n (%); * Value with P < 0.05 are considered as statistically significant for the differences 
between the two groups. 
Abbreviations: AREDs, age-related eye diseases; BMI, body mass index.

Table 2 Associations of AREDs with the Risk of Incident Comorbidity of CHD and Depression

Ocular Conditions Events/Total Model 1 Model 2 Model 3

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

With any AREDs 125/12,497 1.66(1.36–2.01) <0.001* 1.42(1.17–1.73) <0.001* 1.37(1.12–1.67) 0.002*

Only AMD 12/1,574 1.15(0.65–2.03) 0.632 1.01(0.57–1.79) 0.969 1.17(0.66–2.07) 0.599

Only glaucoma 16/2,924 0.82(0.50–1.35) 0.434 0.70(0.43–1.16) 0.166 0.77(0.47–1.26) 0.298
Only cataract 72/6,989 1.65(1.30–2.11) <0.001* 1.42(1.11–1.82) 0.005* 1.57(1.23–2.03) <0.001*

Only DRED† 25/1,010 4.35(2.92–6.48) <0.001* 3.91(2.62–5.83) <0.001* 1.43(0.90–2.25) 0.129

Note: * Statistical significance (P<0.05); †Among participants with DRED, model 3 additionally adjusted for diabetes duration. Model 1 was the 
unadjusted model; Model 2 was adjusted for age and gender; Model 3 was adjusted for age, gender, ethnicity, education, Townsend Deprivation Index, 
smoking status, alcohol consumption, total physical activity level, BMI, history of diabetes, hypertension, and hyperlipidemia. 
Abbreviations: AREDs, age-related eye diseases; CHD, coronary heart disease; AMD, age-related macular degeneration; DRED, diabetes-related eye 
diseases; HR, hazard ratio; CI, confidence interval.
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any AREDs was significantly associated with incident CHD (HR=1.10, 95% CI: 1.03–1.17) and depression (HR=1.28, 
95% CI: 1.16–1.42). Specifically, patients with DRED had a higher risk of incident CHD (HR=1.33, 95% CI: 1.13–1.56), 
while patients with cataract had a higher risk of incident depression (HR=1.26, 95% CI: 1.10–1.43).

Stratified Analysis and Sensitivity Analysis
Figure 3 shows the associations of AREDs with the risk of comorbidity of CHD and depression stratified by age, sex, 
smoking, and drinking status. The adjusted HR of comorbidity was higher among individuals aged ≥ 60 years, female, 
ever smoked or drank alcohol. No significant interaction effects were observed between comorbidity and subgroup 
factors related to AREDs or diabetes duration (P for interaction > 0.05). After FDR adjustment, the original statistically 

Figure 2 The association of age-related eye diseases with comorbidity of CHD and depression (A), CHD (B), and depression (C). 
Abbreviations: The multivariable model was adjusted for age, gender, ethnicity, education, Townsend Deprivation Index, smoking status, alcohol consumption, total 
physical activity level, body mass index, history of diabetes, hypertension, and hyperlipidemia, and diabetes duration (only in the corresponding analysis). AREDs, age-related 
eye diseases; AMD, age-related macular degeneration; DRED, diabetes-related eye diseases; CHD, coronary heart disease; HR, hazard ratio; CI, confidence interval.

Figure 3 Stratified analysis for the Association of AREDs with Incidence of Comorbidity of CHD and depression. 
Abbreviations: The multivariable model was adjusted for age, gender, ethnicity, education, Townsend Deprivation Index, smoking status, alcohol consumption, total 
physical activity level, body mass index, history of diabetes, hypertension, and hyperlipidemia, and diabetes duration (only in the corresponding analysis). AREDs, age-related 
eye diseases; CHD, coronary heart disease; DRED, diabetes-related eye diseases; HR, hazard ratio; CI, confidence interval; Pint, P value for interaction.
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significant findings remained significant (q < 0.05), reinforcing their robustness (Table S5). The stratified analyses of the 
associations between AREDs and independent CHD and independent depression are also presented in Table S5.

The sensitivity analyses excluding the first 2 years of follow-up revealed no substantial changes in the associations 
identified from the main analyses, suggesting the robustness of the findings (Table S6). Similar results were observed 
after additionally analysed individuals with more than one than one eye problems (Table S7). Additionally, the results 
remained consistent with the primary analysis after using multiple imputation, suggesting minimal bias from missing data 
(Table S8).

Discussion
To our knowledge, this is a novelty study to mainly examine the association of AREDs with comorbidity of CHD and 
depression. In this population-based longitudinal study, we found that individuals with AREDs overall had a 37% higher 
risk of developing comorbid CHD and depression compared to those without AREDs. Furthermore, AREDs patients 
were associated with a higher risk of comorbidity than the risk of either CHD or depression occurring independently. Our 
findings indicated that AREDs might be a potential marker of comorbidity of CHD and depression that can be early 
detected, thus highlighting the importance of monitoring the CHD and depression risks in AREDs patients.

We found that individuals with AREDs have a 37% higher risk of developing comorbidity of CHD and depression. 
Our findings were in agreement with previous studies. A cross-sectional study using the National Health and Nutrition 
Exanimation Surveys data31 and a prospective study from Canadian Longitudinal Study32 demonstrated that eye diseases 
were significantly associated with independent CHD and independent depression. The comorbidity was considered to be 
a more severe condition than with independent CHD or depression.5–7 However, the association of AREDs with 
comorbidity is unknown. Our finding suggested a higher risk of incident comorbidity of CHD and depression in 
AREDs patients, especially cataract patients, with a 57% higher risk of comorbidity. Our study further verified that 
individuals with AREDs have a higher risk of comorbidity of CHD and depression compared to the risk of either 
condition occurring independently. This result indicated that the comorbidity may be a more noteworthy problem than 
independent CHD or depression.

Prior studies have reported that cataract has been associated with a high risk of depression. A 16-year nationwide 
population-based longitudinal study33 and a meta-analysis34 have suggested that patients with cataract have higher risks 
of developing depression despite adjusting for possible confounders. Our findings showed the same results that cataract 
was associated with a 26% increased risk of depression. Of note, we also found a 57% higher risk of comorbidity of CHD 
and depression. Depression is a known risk factor for the development of CHD.35 The possible explanation for the results 
is that patients with cataract have been shown to be more likely to develop depression, which may influence cardiovas
cular health and in turn could lead to higher risks of developing the comorbidity.33,36

In addition, we found that DRED was associated with a 33% increased risk of independent CHD. Being considered 
one of the traditional cardiovascular risk factors, DRED has been reported to have a significant association with CHD in 
previous studies.37–39 Notably, previous studies have demonstrated conflicting results on the relationship between DRED 
and depression. A few studies reported that DRED was associated with an increased risk of depression,14,40,41 whereas 
some studies showed that DRED is an independent risk factor for depression.42,43 The deviation of these results may be 
due to differences in the composition of the study populations, study design, as well as definitions. An implication is that 
there is a need for additional studies to investigate the relationship between DRED and depression, as well as the 
comorbidity.

Notably, our findings showed that AMD and glaucoma were not associated with an increased risk of CHD or 
depression after multivariable adjustment. Findings from previous research on the association of AMD with CHD have 
reported conflicting results.15,44,45 A prospective study from US populations demonstrated that the presence of early 
AMD was associated with an increased risk of incident CHD, but late AMD was not associated with incident CHD.10 

A study reported that glaucoma was associated with an increased risk of CVD in the UK population,46 while another 
study found those with glaucoma had a nonsignificant increased risk of cardiovascular death.47 Additionally, most studies 
reported that patients with AMD or glaucoma are linked to a high risk of depressive symptoms.13,45 A possible 
explanation for these results is that our study determined depression outcomes based on hospital admission records. 
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Typically, patients who are hospitalized may have moderate to severe depressive symptoms.48 Thus, AMD and glaucoma 
patients with milder levels of depression may not be detected in this study. Another potential reason for the discrepancy is 
that both AMD and glaucoma tend to be present with no discernible symptoms until they have significantly advanced, 
complicates early detection.49 This underascertainment may have reduced our statistical power to detect significant 
associations with the comorbidity of CHD and depression. Furthermore, differences in pathophysiology and systemic 
involvement across AREDs may partly explain the findings. Cataract and DRED are more strongly associated with 
systemic dysfunction, while AMD and glaucoma may have weaker systemic ties,50,51 reducing their association with 
comorbidity. Further studies are needed to investigate whether AMD and glaucoma are associated with CHD or 
depression risk.

Interestingly, in stratified analyses, we found that AREDs patients aged ≥60 years, female, ever smoker or consumed 
alcohol had a higher risk of developing comorbidity of CHD and depression. However, interaction tests for stratified 
analyses were not statistically significant, indicating these observed differences may reflect random variation or 
unmeasured confounding rather than genuine effect modification. The relationship between AREDs and CHD and 
depression in different subgroups was not consistent. A 3-year prospective cohort study showed that patients with eye 
diseases were more likely to develop depression in males and younger than 65 years subgroup.32 Another study showed 
that the association between AMD and CHD was more evident in females, but no significant interaction according to age 
groups.15 Therefore, further studies are needed to robust the findings.

The underlying mechanisms of a higher risk of comorbidity of CHD and depression in people with major AREDs 
may be multifactorial. There have been a few hypotheses postulated to explain the association of major AREDs with 
CHD and depression. First, inflammaging is a key driver of pathogenesis in AREDs.52–54 The increased levels of 
inflammatory factors in AREDs, such as C-reactive protein, interleukin-6, and Nucleotide-binding leucine-rich repeat 
containing receptor 3, were also associated with the occurrence of CHD and depression.55,56 Therefore, the inflammatory 
markers may be a major pathway leading to CHD and depression in AREDs. Second, oxidative stress is an important 
pathomechanism found in numerous ocular degenerative diseases and also has been implicated in the pathogenesis of 
both atherosclerosis and depression.57,58 The presence of comorbidity of CHD and depression may be an indicator of the 
high level of cumulative oxidative damage resulting from physiological and pathological ageing.59 Besides, the profound 
overlap in risk factors of AREDs, CHD, and depression could lead to the result of increasing risk of comorbidity, which 
also provides the opportunity for prevention of both CHD and depression.60–62

To our knowledge, this is the first study to innovatively report the association between AREDs and comorbidity of 
CHD and depression, as previous studies only discussed the single link between AREDs and independent CHD or 
depression. Our study revealed a higher risk of comorbidity in AREDs patients, which emphasizes the importance of 
management of AREDs patients. Given the increasing awareness of the high prevalence of comorbidity of CHD and 
depression, earlier recognition and adequate therapy of the comorbidity could help maintain the quality of life. 
Ophthalmic examination is easily accessible and low-cost, which can be early detected the presence of AREDs. 
Therefore, the presence of AREDs may be a more visible signal of a high risk of comorbidity of CHD and depression 
and assist physicians in screening for cardiovascular and psychological disorders in these patients.

The strengths of this study include its prospective design, large sample size cohort, and long-term follow-up duration. 
In addition, our findings may provide new directions for the mechanisms linking CHD and depression. Several 
limitations should be considered in interpreting our results. First, ophthalmic diagnoses and outcomes relied on self- 
reported and inpatient record data, milder or subclinical cases might be under-ascertained, which could result in 
significant variation or misclassification. However, this may partially explain the null association between some of the 
AREDs and CHD or depression observed in our study. The true association between AMD and the risk of depression 
might be stronger than in the current study. Second, as an observational study, it can only suggest associations between 
AREDs and comorbid CHD and depression; causal relationships cannot be established. Validation of these findings in 
external cohorts may be necessary. Third, the UK Biobank participants were relatively healthy and might not represent 
the whole population. This could introduce selection bias and affect the generalization of the results to other population 
groups. Fourth, we could not fully adjust for the systemic diseases that aged patients may have, which may be potential 
confounders and contribute to the development of both CHD and depression. Fifth, excluding individuals with missing 
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data may cause selection bias, but the low missing rate and consistent imputation results suggest minimal impact on 
conclusions. Lastly, the number of incident comorbidity of CHD and depression was relatively small, which might have 
led to an underestimation of the association between AREDs and the comorbidity. Although our definition intentionally 
captured comorbid conditions regardless of the order of diagnosis to maximize case inclusion, this approach cannot 
distinguish whether CHD preceded depression or depression preceded CHD. Recent evidence suggests that the temporal 
order of disease onset may influence prognosis and care needs.63 Future prospective studies with larger samples are 
needed to clarify the impact of the temporal order of CHD and depression on outcomes in patients with comorbid 
conditions. Overall, the findings of this study suggested that AREDs were significantly associated with the increasing risk 
of comorbidity of CHD or depression, highlighting the potential need to investigate cardiovascular health and depressive 
symptoms among patients with eye diseases.

Conclusion
The current study found that AREDs were associated with an increased risk of comorbidity of CHD and depression. Our 
findings highlighted the importance of screening for CHD and depression in the longitude development of AREDs. 
Patients with AREDs, especially cataract and DRED, should be targeted for risk factor management and disease 
prevention for CHD and depression.

Abbreviation
CHD, stands for coronary heart disease; AREDs, age-related eye diseases; DRED, diabetes-related eye diseases; AMD, 
age-related macular degeneration; MI, myocardial infarction; ICD, International Classification of Diseases; HR, hazard 
ratio; CI, confidence intervals.

Acknowledgments
The authors sincerely thank all staff and respondents related to the UK biobank for their effort and contribution. All 
authors have approved the submitted version and agreed to publication.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising, or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This research was supported by National Natural Science Foundation of China (82271125, U24A20707, 82171075, 
82301260, 82301205 and 82571259), the launch fund of Guangdong Provincial People’s Hospital for NSFC 
(8217040449, 8227040339, 8227041127), Guangdong Basic and Applied Basic Research Foundation 
(2023B1515120028), China Postdoctoral Science Foundation (2024T170185), Brolucizumab Efficacy and Safety 
Single-Arm Descriptive Trial in Patients with Persistent Diabetic Macular Edema (2024-29), 2024 National Foreign 
Expert Project (S20240245), GDPH Supporting Fund for Talent Program (KY0120220263).

Disclosure
The authors declare no competing interests.

References
1. Martin SS, Aday AW, Almarzooq ZI, et al. 2024 Heart Disease and Stroke Statistics: a Report of US and Global Data From the American Heart 

Association. Circulation. 2024;149(8):e347–e913. doi:10.1161/CIR.0000000000001209
2. Mensah GA, Fuster V, Murray CJL, Roth GA. Global Burden of Cardiovascular Diseases and Risks Collaborators. Global Burden of Cardiovascular 

Diseases and Risks, 1990–2022. J Am Coll Cardiol. 2023;82(25):2350–2473. doi:10.1016/j.jacc.2023.11.007

Psychology Research and Behavior Management 2025:18                                                                    https://doi.org/10.2147/PRBM.S533879                                                                                                                                                                                                                                                                                                                                                                                                   1939

He et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1161/CIR.0000000000001209
https://doi.org/10.1016/j.jacc.2023.11.007


3. Safiri S, Karamzad N, Singh K, et al. Burden of ischemic heart disease and its attributable risk factors in 204 countries and territories, 1990–2019. 
Eur J Prev Cardiol. 2022;29(2):420–431. doi:10.1093/eurjpc/zwab213

4. Jha MK, Qamar A, Vaduganathan M, Charney DS, Murrough JW. Screening and management of depression in patients with cardiovascular disease. 
J Am Coll Cardiol. 2019;73(14):1827–1845. doi:10.1016/j.jacc.2019.01.041

5. Vaccarino V, Badimon L, Bremner JD, et al. Depression and coronary heart disease: 2018 position paper of the ESC working group on coronary 
pathophysiology and microcirculation. Eur Heart J. 2020;41(17):1687–1696. doi:10.1093/eurheartj/ehy913

6. Khan Z, Musa K, Abumedian M, Ibekwe M. Prevalence of depression in patients with post-acute coronary syndrome and the role of cardiac 
rehabilitation in reducing the risk of depression: a systematic review. Cureus. 2021;13(12):e20851. doi:10.7759/cureus.20851

7. Kuhlmann SL, Arolt V, Haverkamp W, et al. Prevalence, 12-month prognosis, and clinical management need of depression in coronary heart 
disease patients: a prospective cohort study. Psychother Psychosom. 2019;88(5):300–311. doi:10.1159/000501502

8. Peter RS, Jaensch A, Mons U, et al. Prognostic value of long-term trajectories of depression for incident diabetes mellitus in patients with stable 
coronary heart disease. Cardiovasc Diabetol. 2021;20(1):108. doi:10.1186/s12933-021-01298-3

9. Liu Q, Yin H, Jiang C, et al. Underestimated prognostic value of depression in patients with obstructive coronary artery disease. Front Cardiovasc 
Med. 2022;9:961545. doi:10.3389/fcvm.2022.961545

10. Sun C, Klein R, Wong TY. Age-related macular degeneration and risk of coronary heart disease and stroke: the Cardiovascular Health Study. 
Ophthalmology. 2009;116(10):1913–1919. doi:10.1016/j.ophtha.2009.03.046

11. Fernandez AB, Wong TY, Klein R, et al. Age-related macular degeneration and incident cardiovascular disease: the multi-ethnic study of 
atherosclerosis. Ophthalmology. 2012;119(4):765–770. doi:10.1016/j.ophtha.2011.09.044

12. Liu CH, Kang EYC, Lin YH, et al. Association of ocular diseases with schizophrenia, bipolar disorder, and major depressive disorder: 
a retrospective case-control, population-based study. BMC Psychiatry. 2020;20(1):486. doi:10.1186/s12888-020-02881-w

13. Zheng Y, Wu X, Lin X, Lin H. The prevalence of depression and depressive symptoms among eye disease patients: a systematic review and 
meta-analysis. Sci Rep. 2017;7:46453. doi:10.1038/srep46453

14. Barrot J, Real J, Vlacho B, et al. Diabetic retinopathy as a predictor of cardiovascular morbidity and mortality in subjects with type 2 diabetes. 
Front Med. 2022;9:945245. doi:10.3389/fmed.2022.945245

15. Jung W, Han K, Kim B, et al. Age-related macular degeneration with visual disability is associated with cardiovascular disease risk in the Korean 
Nationwide Cohort. J Am Heart Assoc. 2023;12(9):e028027. doi:10.1161/JAHA.122.028027

16. Eramudugolla R, Wood J, Anstey KJ. Co-morbidity of depression and anxiety in common age-related eye diseases: a population-based study of 662 
adults. Front Aging Neurosci. 2013;5:56. doi:10.3389/fnagi.2013.00056

17. GBD 2019 Blindness and Vision Impairment Collaborators, Vision Loss Expert Group of the Global Burden of Disease Study. Causes of blindness 
and vision impairment in 2020 and trends over 30 years, and prevalence of avoidable blindness in relation to VISION 2020: the Right to Sight: an 
analysis for the Global Burden of Disease Study. Lancet Glob Health. 2021;9(2):e144–e160. doi:10.1016/S2214-109X(20)30489-7

18. Terheyden JH, Fink DJ, Mercieca K, Wintergerst MWM, Holz FG, Finger RP. Knowledge about age-related eye diseases in the general population 
in Germany. BMC Public Health. 2024;24(1):409. doi:10.1186/s12889-024-17889-0

19. Schlecht A, Vallon M, Wagner N, Ergün S, Braunger BM. TGFβ-neurotrophin interactions in heart, retina, and brain. Biomolecules. 2021;11 
(9):1360. doi:10.3390/biom11091360

20. Marchesi N, Fahmideh F, Boschi F, Pascale A, Barbieri A. Ocular neurodegenerative diseases: interconnection between retina and cortical areas. 
Cells. 2021;10(9):2394. doi:10.3390/cells10092394

21. Han X, Hou C, Yang H, et al. Disease trajectories and mortality among individuals diagnosed with depression: a community-based cohort study in 
UK Biobank. Mol Psychiatry. 2021;26(11):6736–6746. doi:10.1038/s41380-021-01170-6

22. Peters TM, Holmes MV, Richards JB, et al. Sex differences in the risk of coronary heart disease associated with type 2 diabetes: a Mendelian 
randomization analysis. Diabetes Care. 2021;44(2):556–562. doi:10.2337/dc20-1137

23. Silveira PP, Pokhvisneva I, Howard DM, Meaney MJ. A sex-specific genome-wide association study of depression phenotypes in UK Biobank. Mol 
Psychiatry. 2023;28:2469–2479. doi:10.1038/s41380-023-01960-0

24. Fan M, Sun D, Zhou T, et al. Sleep patterns, genetic susceptibility, and incident cardiovascular disease: a prospective study of 385 292 UK biobank 
participants. Eur Heart J. 2020;41(11):1182–1189. doi:10.1093/eurheartj/ehz849

25. Harshfield EL, Pennells L, Schwartz JE, et al. Association between depressive symptoms and incident cardiovascular diseases. JAMA. 2020;324 
(23):2396–2405. doi:10.1001/jama.2020.23068

26. Zhang X, Shang X, Seth I, et al. Association of visual health with depressive symptoms and brain imaging phenotypes among middle-aged and 
older adults. JAMA Network Open. 2022;5(10):e2235017. doi:10.1001/jamanetworkopen.2022.35017

27. Cabanas-Sánchez V, Esteban-Cornejo I, Parra-Soto S, et al. Muscle strength and incidence of depression and anxiety: findings from the UK 
Biobank prospective cohort study. J Cachexia Sarcopenia Muscle. 2022;13(4):1983–1994. doi:10.1002/jcsm.12963

28. de Jong M, Woodward M, Peters SAE. Duration of diabetes and the risk of major cardiovascular events in women and men: a prospective cohort 
study of UK Biobank participants. Diabet Res Clin Pract. 2022;188:109899. doi:10.1016/j.diabres.2022.109899

29. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and powerful approach to multiple testing. J R Stat Soc Ser B Stat 
Methodol. 1995;57(1):289–300. doi:10.1111/j.2517-6161.1995.tb02031.x

30. Azur MJ, Stuart EA, Frangakis C, Leaf PJ. Multiple imputation by chained equations: what is it and how does it work? Int J Methods Psychiatr 
Res. 2011;20(1):40–49. doi:10.1002/mpr.329

31. Li HY, Yang Q, Dong L, et al. Visual impairment and major eye diseases in stroke: a national cross-sectional study. Eye Lond Engl. 2023;37 
(9):1850–1855. doi:10.1038/s41433-022-02238-5

32. Grant A, Aubin MJ, Buhrmann R, Kergoat MJ, Freeman EE. Visual impairment, eye disease, and the 3-year incidence of depressive symptoms: the 
Canadian longitudinal study on aging. Ophthalmic Epidemiol. 2021;28(1):77–85. doi:10.1080/09286586.2020.1823425

33. Chen PW, Liu PPS, Lin SM, Wang JH, Huang HK, Loh CH. Cataract and the increased risk of depression in general population: a 16-year 
nationwide population-based longitudinal study. Sci Rep. 2020;10(1):13421. doi:10.1038/s41598-020-70285-7

34. Pellegrini M, Bernabei F, Schiavi C, Giannaccare G. Impact of cataract surgery on depression and cognitive function: systematic review and 
meta-analysis. Clin Experiment Ophthalmol. 2020;48(5):593–601. doi:10.1111/ceo.13754

https://doi.org/10.2147/PRBM.S533879                                                                                                                                                                                                                                                                                                                                                                                                                          Psychology Research and Behavior Management 2025:18 1940

He et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1093/eurjpc/zwab213
https://doi.org/10.1016/j.jacc.2019.01.041
https://doi.org/10.1093/eurheartj/ehy913
https://doi.org/10.7759/cureus.20851
https://doi.org/10.1159/000501502
https://doi.org/10.1186/s12933-021-01298-3
https://doi.org/10.3389/fcvm.2022.961545
https://doi.org/10.1016/j.ophtha.2009.03.046
https://doi.org/10.1016/j.ophtha.2011.09.044
https://doi.org/10.1186/s12888-020-02881-w
https://doi.org/10.1038/srep46453
https://doi.org/10.3389/fmed.2022.945245
https://doi.org/10.1161/JAHA.122.028027
https://doi.org/10.3389/fnagi.2013.00056
https://doi.org/10.1016/S2214-109X(20)30489-7
https://doi.org/10.1186/s12889-024-17889-0
https://doi.org/10.3390/biom11091360
https://doi.org/10.3390/cells10092394
https://doi.org/10.1038/s41380-021-01170-6
https://doi.org/10.2337/dc20-1137
https://doi.org/10.1038/s41380-023-01960-0
https://doi.org/10.1093/eurheartj/ehz849
https://doi.org/10.1001/jama.2020.23068
https://doi.org/10.1001/jamanetworkopen.2022.35017
https://doi.org/10.1002/jcsm.12963
https://doi.org/10.1016/j.diabres.2022.109899
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1002/mpr.329
https://doi.org/10.1038/s41433-022-02238-5
https://doi.org/10.1080/09286586.2020.1823425
https://doi.org/10.1038/s41598-020-70285-7
https://doi.org/10.1111/ceo.13754


35. Joynt KE, Whellan DJ, O’Connor CM. Depression and cardiovascular disease: mechanisms of interaction. Biol Psychiatry. 2003;54(3):248–261. 
doi:10.1016/s0006-3223(03)00568-7

36. Komuro J, Kaneko H, Suzuki Y, et al. Sex differences in the relationship between schizophrenia and the development of cardiovascular disease. 
J Am Heart Assoc. 2024;13(5):e032625. doi:10.1161/JAHA.123.032625

37. Cheung N, Wang JJ, Klein R, Couper DJ, Sharrett AR, Wong TY. Diabetic retinopathy and the risk of coronary heart disease: the atherosclerosis 
risk in communities study. Diabetes Care. 2007;30(7):1742–1746. doi:10.2337/dc07-0264

38. Cheung N, Wong TY. Diabetic retinopathy and systemic vascular complications. Prog Retin Eye Res. 2008;27(2):161–176. doi:10.1016/j. 
preteyeres.2007.12.001

39. Xie J, Ikram MK, Cotch MF, et al. Association of diabetic macular edema and proliferative diabetic retinopathy with cardiovascular disease: 
a systematic review and meta-analysis. JAMA Ophthalmol. 2017;135(6):586–593. doi:10.1001/jamaophthalmol.2017.0988

40. Li B, Zhou C, Gu C, et al. Modifiable lifestyle, mental health status and diabetic retinopathy in U.S. adults aged 18–64 years with diabetes: 
a population-based cross-sectional study from NHANES 1999–2018. BMC Public Health. 2024;24(1):11. doi:10.1186/s12889-023-17512-8

41. Valluru G, Costa A, Klawe J, Liu B, Deobhakta A, Ahmad S. Depression in individuals with diabetic retinopathy in the US National Health and 
Nutrition Examination Survey, 2005–2008. Am J Ophthalmol. 2023;256:63–69. doi:10.1016/j.ajo.2023.07.005

42. Chen C, Lan Y, Wang Z, Yan W, Yan X, Han J. Causal effects of diabetic retinopathy on depression, anxiety and bipolar disorder in the European 
population: a Mendelian randomization study. J Endocrinol Invest. 2024;47(3):585–592. doi:10.1007/s40618-023-02176-3

43. Morjaria R, Alexander I, Purbrick RMJ, et al. Impact of diabetic retinopathy on sleep, mood, and quality of life. Invest Ophthalmol Vis Sci. 2019;60 
(6):2304–2310. doi:10.1167/iovs.18-26108

44. Rezapour J, Schuster AK, Nickels S, et al. Prevalence and new onset of depression and anxiety among participants with AMD in a European 
cohort. Sci Rep. 2020;10(1):4816. doi:10.1038/s41598-020-61706-8

45. Hwang S, Kang SW, Kim SJ, et al. Impact of age-related macular degeneration and related visual disability on the risk of depression: a Nationwide 
Cohort Study. Ophthalmology. 2023;130(6):615–623. doi:10.1016/j.ophtha.2023.01.014

46. Choi JA, Lee SN, Jung SH, Won HH, Yun JS. Association of glaucoma and lifestyle with incident cardiovascular disease: a longitudinal 
prospective study from UK Biobank. Sci Rep. 2023;13(1):2712. doi:10.1038/s41598-023-29613-w

47. Lee AJ, Wang JJ, Kifley A, Mitchell P. Open-angle glaucoma and cardiovascular mortality: the Blue Mountains Eye Study. Ophthalmology. 
2006;113(7):1069–1076. doi:10.1016/j.ophtha.2006.02.062

48. Monroe SM, Harkness KL. Major depression and its recurrences: life course matters. Annu Rev Clin Psychol. 2022;18:329–357. doi:10.1146/ 
annurev-clinpsy-072220-021440

49. Kim JM, Choi YJ. Myopia and nutrient associations with age-related eye diseases in Korean Adults: a cross-sectional KNHANES study. Nutrients. 
2024;16(9):1276. doi:10.3390/nu16091276

50. Ferguson EL, Thoma M, Buto PT, et al. Visual impairment, eye conditions, and diagnoses of neurodegeneration and dementia. JAMA Network 
Open. 2024;7(7):e2424539. doi:10.1001/jamanetworkopen.2024.24539

51. Kuźma E, Littlejohns TJ, Khawaja AP, Llewellyn DJ, Ukoumunne OC, Thiem U. Visual impairment, eye diseases, and dementia risk: a systematic 
review and meta-analysis. J Alzheimers Dis. 2021;83(3):1073–1087. doi:10.3233/JAD-210250

52. Mugisho OO, Green CR. The NLRP3 inflammasome in age-related eye disease: evidence-based connexin hemichannel therapeutics. Exp Eye Res. 
2022;215:108911. doi:10.1016/j.exer.2021.108911

53. Anderson FL, Biggs KE, Rankin BE, Havrda MC. NLRP3 inflammasome in neurodegenerative disease. Transl Res J Lab Clin Med. 
2023;252:21–33. doi:10.1016/j.trsl.2022.08.006

54. Kasler H, Verdin E. How inflammaging diminishes adaptive immunity. Nat Aging. 2021;1(1):24–25. doi:10.1038/s43587-020-00021-3
55. Caruso G, Fresta CG, Grasso M, et al. Inflammation as the common biological link between depression and cardiovascular diseases: can carnosine 

exert a protective role? Curr Med Chem. 2020;27(11):1782–1800. doi:10.2174/0929867326666190712091515
56. Khandaker GM, Zuber V, Rees JMB, et al. Shared mechanisms between coronary heart disease and depression: findings from a large UK general 

population-based cohort. Mol Psychiatry. 2020;25(7):1477–1486. doi:10.1038/s41380-019-0395-3
57. Bhatt S, Nagappa AN, Patil CR. Role of oxidative stress in depression. Drug Discov Today. 2020;25(7):1270–1276. doi:10.1016/j. 

drudis.2020.05.001
58. Förstermann U, Xia N, Li H. Roles of vascular oxidative stress and nitric oxide in the pathogenesis of atherosclerosis. Circ Res. 2017;120 

(4):713–735. doi:10.1161/CIRCRESAHA.116.309326
59. Chen Y, Wang W, Liao H, et al. Self-reported cataract surgery and 10-year all-cause and cause-specific mortality: findings from the National Health 

and Nutrition Examination Survey. Br J Ophthalmol. 2023;107(3):430–435. doi:10.1136/bjophthalmol-2021-319678
60. Lee SN, Yun JS, Ko SH, et al. Impacts of gender and lifestyle on the association between depressive symptoms and cardiovascular disease risk in 

the UK Biobank. Sci Rep. 2023;13(1):10758. doi:10.1038/s41598-023-37221-x
61. De La Cruz N, Shabaneh O, Appiah D. The association of ideal cardiovascular health and ocular diseases among US adults. Am J Med. 2021;134 

(2):252–259.e1. doi:10.1016/j.amjmed.2020.06.004
62. Seddon JM. Genetic and environmental underpinnings to age-related ocular diseases. Invest Ophthalmol Vis Sci. 2013;54(14):ORSF28–30. 

doi:10.1167/iovs.13-13234
63. Owen RK, Lyons J, Akbari A, et al. Effect on life expectancy of temporal sequence in a multimorbidity cluster of psychosis, diabetes, and 

congestive heart failure among 1·7 million individuals in Wales with 20-year follow-up: a retrospective cohort study using linked data. Lancet 
Public Health. 2023;8(7):e535–e545. doi:10.1016/S2468-2667(23)00098-1

Psychology Research and Behavior Management 2025:18                                                                    https://doi.org/10.2147/PRBM.S533879                                                                                                                                                                                                                                                                                                                                                                                                   1941

He et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/s0006-3223(03)00568-7
https://doi.org/10.1161/JAHA.123.032625
https://doi.org/10.2337/dc07-0264
https://doi.org/10.1016/j.preteyeres.2007.12.001
https://doi.org/10.1016/j.preteyeres.2007.12.001
https://doi.org/10.1001/jamaophthalmol.2017.0988
https://doi.org/10.1186/s12889-023-17512-8
https://doi.org/10.1016/j.ajo.2023.07.005
https://doi.org/10.1007/s40618-023-02176-3
https://doi.org/10.1167/iovs.18-26108
https://doi.org/10.1038/s41598-020-61706-8
https://doi.org/10.1016/j.ophtha.2023.01.014
https://doi.org/10.1038/s41598-023-29613-w
https://doi.org/10.1016/j.ophtha.2006.02.062
https://doi.org/10.1146/annurev-clinpsy-072220-021440
https://doi.org/10.1146/annurev-clinpsy-072220-021440
https://doi.org/10.3390/nu16091276
https://doi.org/10.1001/jamanetworkopen.2024.24539
https://doi.org/10.3233/JAD-210250
https://doi.org/10.1016/j.exer.2021.108911
https://doi.org/10.1016/j.trsl.2022.08.006
https://doi.org/10.1038/s43587-020-00021-3
https://doi.org/10.2174/0929867326666190712091515
https://doi.org/10.1038/s41380-019-0395-3
https://doi.org/10.1016/j.drudis.2020.05.001
https://doi.org/10.1016/j.drudis.2020.05.001
https://doi.org/10.1161/CIRCRESAHA.116.309326
https://doi.org/10.1136/bjophthalmol-2021-319678
https://doi.org/10.1038/s41598-023-37221-x
https://doi.org/10.1016/j.amjmed.2020.06.004
https://doi.org/10.1167/iovs.13-13234
https://doi.org/10.1016/S2468-2667(23)00098-1


Psychology Research and Behavior Management                                                                         

Publish your work in this journal 
Psychology Research and Behavior Management is an international, peer-reviewed, open access journal focusing on the science of psychology and 
its application in behavior management to develop improved outcomes in the clinical, educational, sports and business arenas. Specific topics 
covered in the journal include: Neuroscience, memory and decision making; Behavior modification and management; Clinical applications; Business 
and sports performance management; Social and developmental studies; Animal studies. The manuscript management system is completely online 
and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes 
from published authors.  

Submit your manuscript here: https://www.dovepress.com/psychology-research-and-behavior-management-journal

Psychology Research and Behavior Management 2025:18 1942

He et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Study Design and Population
	Ethics Statement
	AREDs
	Ascertainment of Outcomes
	Covariates
	Statistical Analysis

	Results
	Baseline Characteristics
	Association of AREDs with Incident Comorbidity of CHD and Depression
	Stratified Analysis and Sensitivity Analysis

	Discussion
	Conclusion
	Abbreviation
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

