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INTRODUCTION

Stroke is a major public health concern, causing significant 
morbidity and mortality worldwide. The World Health Orga-
nization reports that around 15 million people globally suffer 
from stroke each year.1 Among them, around 5.8 million in-
dividuals succumb to the condition, thus positioning stroke as 
the second highest cause of death for individuals over 60 years 
of age.2 The economic impact of stroke is also substantial, with 
its global costs projected to hit $34.4 billion by 2030. This fig-
ure includes direct healthcare expenditures, non-medical costs, 
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and losses in productivity.3 Identifying the modifiable risk fac-
tors of stroke is critical for developing effective preventive strat-
egies and reducing its worldwide health burden.4

Depression is a widespread and incapacitating mental 
health condition, affecting over 264 million individuals glob-
ally.5 Depression affects various physiological and pathophysi-
ological mechanisms, suggesting its role as a potential risk 
factor for stroke.6 Research indicates that depression can lead 
to alterations in the autonomic nervous system, increase in-
flammatory markers, and contribute to the dysfunction of the 
endothelial system, all of which are known to increase stroke 
risk.7,8 Moreover, depression is associated with unhealthy life-
style choices such as physical inactivity, poor diet, and smok-
ing, which further exacerbate the risk of stroke.9

It is vital to investigate the effect of insomnia on stroke, es-
pecially considering its frequent co-occurrence with depres-
sion.10 Research has shown that insomnia can independently 
increase stroke risk through mechanisms such as disrupted 
blood pressure regulation and increased inflammation.11 The 
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interplay between insomnia and depression may elevate this 
risk, underscoring the need to examine their combined effects 
on stroke susceptibility.

Previous research has not definitively demonstrated the as-
sociation between depression and the incidence of stroke, and 
it is thought that this association may vary depending on the 
presence of insomnia, which often accompanies depression. 
Therefore, the aim of our study was to investigate whether de-
pression and insomnia are independent risk factors for stroke 
and to determine whether there is an interaction effect be-
tween depression and insomnia on the occurrence of stroke.

METHODS

Study design, setting, and data sources
Our study was a prospective cohort study based on the 

Korean Genome and Epidemiology Study (KoGES), which is 
a population-based cohort study established in 2001 to exam-
ine genetic and environmental factors contributing to com-
mon, complex diseases in the Korean population. Our study 
primarily focused on chronic non-communicable diseases, 
including cardiovascular diseases, diabetes, and obesity. The 
methodologies, recruitment strategies, and baseline charac-
teristics of the study participants have been previously de-
scribed in detail in the literature. The KoGES comprises two 
independent prospective cohort studies in the cities of An-
sung, a rural community, and Ansan, an urban community, 
based on the 2010 census data. These cohorts include Korean 
men and women aged 40–69 years, all of the same ethnicity. 
The sampling plan and selection criteria for these ongoing 
studies have been outlined in previous publications.

Between 2001 and 2002, a total of 7,129 and 10,957 eligible 
participants were identified in Ansung and Ansan, respec-
tively. Of these participants, 5,018 participants (2,239 men 
and 2,779 women) from Ansung and 5,020 participants (2,523 
men and 2,497 women) from Ansan completed the baseline 
examination. The participants have undergone biennial fol-
low-up examinations, with the most recent being the 9th fol-
low-up from 2019 to 2020.

Data collection was conducted through face-to-face inter-
views every 2 years by interviewers trained biennially using a 
standardized protocol. These interviews capture direct re-
sponses from the participants regarding various health fac-
tors, including smoking and alcohol consumption statuses.

Study population and definition of stroke
Our analysis utilized data from the 2003–2004 survey of the 

KoGES, focusing on participants who completed the Beck 
Depression Inventory (BDI) and provided information on in-
somnia. We excluded participants with a physician-diagnosed 

stroke at the baseline to focus on new-onset strokes and avoid 
confounding effects, as a prior stroke could independently af-
fect both depression and insomnia. Individuals with an un-
known insomnia history were also excluded to ensure data 
accuracy, as insomnia is a key variable in our analysis, and in-
cluding those with unknown histories could introduce bias, 
compromising the reliability of our findings. Additionally, 
participants with incomplete data or severe cognitive impair-
ments were excluded to maintain data integrity and ensure 
accurate reporting of depressive symptoms and sleep distur-
bances, thereby ensuring a robust dataset for analyzing the in-
teraction between depression, insomnia, and stroke risk.

Stroke cases were identified based on self-reported data 
from the subsequent 2005–2006 survey cycle. Participants who 
reported a stroke diagnosis after this period were classified as 
having experienced a stroke for the analysis.

Depression and other risk factors
Participants completed an interviewer-administered ques-

tionnaire. The questionnaire administered in 2005–2006 col-
lected information using the BDI, which is a widely used self-
report questionnaire designed to assess the presence and severity 
of depressive symptoms. Depression was categorized based 
on the BDI scores. Participants were classified into 4 catego-
ries: no or slight depression (0–13), mild depression (14–19), 
moderate depression (20–28), and severe depression (29–
63).12 In the 2005–2006 questionnaire, we collected informa-
tion on insomnia history by posing the following question: 
“Have you been diagnosed with insomnia by a physician?” We 
also collected information on demographic characteristics 
(age, sex, marital status, and education year), comorbidities 
(hypertension and diabetes mellitus), and health-related be-
havior (body mass index, smoking, alcohol intake, and phys-
ical activity). Additionally, we measured the serum levels of 
total cholesterol, triglycerides, and C-reactive protein.

Statistical analysis
We calculated the descriptive statistics for the baseline 

characteristics of the study participants according to the de-
pression category. The baseline characteristics of KoGES par-
ticipants were compared using the Wilcoxon rank-sum test 
for continuous variables and the chi-square test for categori-
cal variables. The crude 16-year (2005–2020) incidence rate of 
stroke was calculated as the number of at-risk cases per 1,000 
person-years based on the presence of depression and insom-
nia. Subsequently, the hazard ratio (HR) and 95% confidence 
interval (CI) from Cox proportional hazards regression mod-
els with fixed covariates (with the group without depression 
as the reference group) were used to estimate the relative risk 
for the 15-year cumulative stroke incidence based on baseline 
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depression and insomnia. For our primary analysis using the 
Cox proportional hazards regression model, we assessed the 
proportional hazards assumption using Schoenfeld residuals. 
Diagnostic plots and tests confirmed that the assumption was 
met for the variables in the model. Multivariate logistic re-
gression analysis was performed to estimate the effect of de-
pression on the incidence of stroke after adjusting for poten-
tial confounders, which were selected based on their known 
associations with both depression and stroke, and tested us-
ing statistical criteria such as p-values and variance inflation 
factors to minimize bias and multicollinearity. Furthermore, 
we used the interaction term for depression and insomnia in 
the multivariate logistic regression model to estimate the ef-
fect of changes in depression on the study outcome according 
to the presence of insomnia. While interaction terms are valu-
able for exploring complex relationships, we provided a de-
tailed interpretation of these interaction effects, discussing 
their implications for understanding the relationship between 
depression, insomnia, and stroke risk. We also considered po-
tential reverse causation or bidirectional relationships be-
tween the study variables due to the observational nature of 
the study, acknowledging that depression and insomnia might 
influence stroke risk in a cyclical or reciprocal manner. We 
tested the multicollinearity among the covariates in the model 
and found no significant issues. All statistical analyses were 
performed using SAS software (version 9.4; SAS Institute Inc., 
Cary, NC, USA). This approach ensures transparency and ro-
bustness in our analysis, as we carefully adjusted for confound-
ers and assessed the interaction effects and their implications 
comprehensively.

Ethics approval
The study protocol was reviewed and approved by the In-

stitutional Review Board of Chonnam National University 
Hospital (CNUH-2018-297).

RESULTS

Demographic findings
In comparison with the group without depression, the 

group with depression was older (53.7 years vs. 52.1 years) 
and had a significantly higher proportion of females (58.1% 
vs. 45.6%). The incidence of stroke was higher in the depres-
sion group (6.2% vs. 5.0%); however, this difference was not 
statistically significant. When depression severity was catego-
rized as no depression, mild, moderate, and severe, a trend 
toward an increased incidence of stroke in the moderate and 
severe depression groups was observed; however, this trend 
did not reach statistical significance (p=0.04) (Table 1). De-
mographic analysis based on the presence of insomnia re-

vealed a greater proportion of depression in the group with 
insomnia (mild: 12.5% vs. 9.0%; moderate: 6.6% vs. 4.2%; se-
vere: 4.7% vs. 3.0%; p<0.01). The incidence of stroke was 
higher in the group without insomnia (5.3% vs. 5.0%); how-
ever, this difference was not statistically significant (Table 2).

Main outcome
Cox proportional regression analysis was performed to as-

sess the effect of risk factors on stroke incidence, which re-
vealed that depression was not a significant risk factor for 
stroke (HR: 1.14, 95% CI: 0.85–1.51). Analysis of depression 
according to its severity demonstrated that mild and moder-
ate depression did not significantly increase the risk of stroke; 
however, severe depression was associated with a significant-
ly higher HR (2.06, 95% CI: 1.13–3.75) after adjusting for po-
tential confounders using the group without depression as the 
reference. Additionally, insomnia did not significantly increase 
the risk of stroke (HR: 0.92, 95% CI: 0.67–1.27) (Table 3).

Interaction outcome
Interaction analysis of the effects of depression and insom-

nia on stroke incidence indicated no significant interaction 
between depression and insomnia. However, when depres-
sion was categorized according to its severity, the results var-
ied. In the group with insomnia, an increase in the severity of 
depression did not elevate the risk of stroke. Conversely, in 
the group without insomnia, a significant increase in stroke 
incidence was observed among participants with moderate 
depression (HR: 2.04, 95% CI: 1.04–4.00) and severe depres-
sion (HR: 3.01, 95% CI: 1.43–6.31) (p for interaction<0.01) 
(Table 4). 

DISCUSSION

In our study, only severe depression was identified as a sig-
nificant risk factor for an increased likelihood of stroke. No-
tably, an elevated risk accompanied by depression was ob-
served among participants without insomnia, where both 
moderate and severe depression significantly contributed to 
stroke risk. These findings underscore the importance of con-
sidering the severity of depression when evaluating stroke 
risk, particularly for individuals not affected by insomnia. The 
observation highlights a potential nuance in the interplay be-
tween mental health conditions and stroke, suggesting that 
the presence of insomnia might modulate the effect of depres-
sion on stroke risk. Our study results provide valuable insights 
for targeted interventions and patient management strategies.

Previous studies have reported an association between de-
pression and an increased risk of stroke, suggesting various 
physiological and pathological mechanisms as potential me-
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diators.13,14 Depression can influence autonomic nervous sys-
tem function, increase inflammatory responses, and lead to 
endothelial dysfunction, all of which are recognized risk fac-
tors for stroke.7,15 This condition can also be linked to un-
healthy lifestyle choices, such as decreased physical activity, 
poor dietary habits, and smoking, which can further amplify 
stroke risk.16 These findings indicate potential pathways 
through which depression may elevate the risk of stroke. To 
the best of our knowledge, this research is the first to docu-
ment the variance in stroke risk according to the severity of 
depression and thus adds a novel dimension to this field. Our 
findings revealed that while depression in general did not sig-
nificantly increase stroke risk, severe depression was associ-

ated with a notable increase in stroke risk. Therefore, the se-
verity of depression might differentially influence the risk of 
stroke, with severe depression possibly affecting more physi-
ological and pathological pathways. Moreover, some studies 
suggest that depression and stroke may share common genet-
ic risk factors, adding a layer of complexity to their relation-
ship.17 The genetic link demonstrates the interconnected na-
ture of depression and stroke, emphasizing the importance 
of a nuanced approach to understanding and addressing the 
risk factors for these conditions. 

Insomnia is recognized as a risk factor for several health 
conditions, including cardiovascular diseases, hypertension, 
diabetes, and mental health disorders.18-20 In the case of stroke, 

Table 2. Demographics of the study population according to the presence of insomnia

Variables All (N=3,301)
Insomnia

p
No (N=2,067) Yes (N=1,234)

Depression category <0.01
No 2,669 (80.9) 1,729 (83.6) 940 (76.2)
Mild 340 (10.3) 186 (9.0) 154 (12.5)
Moderate 171 (5.2) 89 (4.3) 82 (6.6)
Severe 121 (3.7) 63 (3.0) 58 (4.7)

Age (yr) 52.4±7.35 52.3±7.30 52.6±7.44 0.91
Sex, female 1,584 (48.0) 882 (42.7) 702 (56.9) <0.01
Married, yes 3,046 (92.3) 1,925 (93.1) 1,121 (90.8) 0.02
Educational period >9 years 2,125 (64.4) 1,331 (64.4) 794 (64.3) 0.98
Comorbidity

Hypertension 530 (16.1) 337 (16.3) 193 (15.6) 0.62
Diabetes mellitus 208 (6.3) 133 (6.4) 75 (6.1) 0.68

Body mass index 0.86
<18.5 (underweight) 28 (0.8) 18 (0.9) 10 (0.8)
18.5–24.9 (normal weight) 1,859 (56.3) 1,171 (56.7) 688 (55.8)
>25.0 (overweight) 1,414 (42.8) 878 (42.5) 536 (43.4)

Health-related behavior
Alcohol intake, yes 1,709 (51.8) 1,140 (55.2) 569 (46.1) <0.01
Smoking <0.01

Current smoker 577 (17.5) 395 (19.1) 182 (14.7)
Former smoker 770 (23.3) 531 (25.7) 239 (19.4)
Never smoker 1,954 (59.2) 1,141 (55.2) 813 (65.9)

Physical activity, vigorous 1,669 (50.6) 1,053 (50.9) 616 (49.9) 0.57
Serum level of biomarker

T-Ch (mg/dL) 193 (172–217) 193 (172–215) 194 (173–218) 0.09
TG (mg/dL) 114 (81–167) 114 (81–169) 114 (79–162) 0.20
CRP (mg/dL) 0.64 (0.34–1.39) 0.66 (0.34–1.40) 0.62 (0.33–1.39) 0.23

Total stroke cases 172 (5.2) 110 (5.3) 62 (5.0) 0.71
Data are presented as mean±standard deviation, number (%), or median (q1–q3). T-Ch, total cholesterol; TG, triglycerides; CRP, C-reactive 
protein
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insomnia can exacerbate its risk through various mechanisms, 
such as increasing blood pressure, promoting inflammation, 
and causing hormonal imbalance, which collectively contrib-
ute to vascular and endothelial dysfunction.21 Despite these 
established associations, we found that insomnia was not a 
significant risk factor for stroke in this study. Therefore, al-
though insomnia is generally considered as a contributor to 
poor health outcomes, its direct effect on stroke risk may be 
influenced by other mediating factors or conditions, high-
lighting the complexity of the etiology of stroke and the mul-
tifactorial nature of its risk factors.

In our study, interaction analysis showed that depression 
did not increase the risk of stroke in the group with insomnia. 
However, in the group without insomnia, there was a higher 
stroke risk among individuals with moderate and severe de-
pression compared with those without depression. The lack of 
stroke risk in the insomnia group could be attributed to in-
somnia itself affecting stroke risk through various physiolog-
ical pathways, such as changes in stress hormones, increased 
inflammatory responses, or autonomic nervous system im-
balance, which might overshadow the effect of depression.5,7 
Conversely, in the absence of insomnia, the effect of depres-
sion might become more pronounced, particularly with mod-
erate and severe depression potentially imposing a greater 
burden on the cardiovascular system and thus elevating stroke 
risk. Therefore, the effects of depression and insomnia on stroke 
risk are not independent but interrelated, indicating the need 
to consider their interaction to fully understand their com-
bined effects on stroke risk. Therefore, assessing the combined 
effects of insomnia and depression is crucial in evaluating 
stroke risk.

Our findings highlight the nuanced interplay between de-

pression severity and insomnia in influencing stroke risk, 
providing a theoretical basis for targeted stroke prevention 
strategies. The findings underscore the importance of person-
alized medical approaches that consider both mental health 
and sleep quality, which could ultimately lead to more effec-
tive prevention and management of stroke risk.

Our study has several limitations. First, although our study 
is a prospective cohort study that captures the natural pro-
gression of events, it is not as robust as a randomized con-
trolled trial for establishing causal relationships. Second, the 
reliance on self-reported data for depression and insomnia 
statuses might introduce biases, potentially leading to inac-
curacies in reporting. While depression was measured using 
the BDI, more information on its reliability and validity spe-
cifically within the Korean population would strengthen the 
study’s credibility. Similarly, insomnia was determined based 
on self-reported physician diagnoses, but further verification 
through medical records or standardized insomnia assess-

Table 4. Interaction analysis between depression and insomnia 
on the study outcome

Insomnia p for 
interactionNo Yes

Depression 0.14
No 1.00 1.00
Yes 1.44 (0.92–2.28) 0.84 (0.46–1.54)

Depression category <0.01
No 1.00 1.00
Mild 0.72 (0.33–1.57) 0.75 (0.34–1.70)
Moderate 2.04 (1.04–4.00) 0.73 (0.23–2.36)
Severe 3.01 (1.43–6.31) 1.20 (0.42–3.38)

Table 3. Cox proportional logistic regression analysis of the study outcome

Potential
risk factors

Numbers 
at risk

Stroke
events

PYS
Incidence rate 
per 1,000 PYS

Model 1 Model 2 Model 3
aHR (95% CI) aHR (95% CI) aHR (95% CI)

Depression
No 2,669 133 32,631.2 4.1 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 632   39 7,341.0 5.3 1.19 (0.83–1.71) 1.19 (0.83–1.71) 1.14 (0.85–1.51)

Depression category
No 2,669 133 32,631.2 4.1 1.00 (reference) 1.00 (reference) 1.00 (reference)
Mild 340   14 4,032.8 3.5 0.81 (0.46–1.40) 0.79 (0.45–1.36) 0.77 (0.44–1.34)
Moderate 171   13 1,948.9 6.7 1.38 (0.78–2.44) 1.44 (0.81–2.56) 1.41 (0.79–2.51)
Severe 121   12 1,359.4 8.8 2.06 (1.14–3.72) 2.06 (1.14–3.75) 2.06 (1.13–3.75)

Insomnia
No 2,067 110 25,009.3 4.4 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1,234   62 14,962.8 4.1 1.08 (0.80–1.46) 0.93 (0.68–1.27) 0.92 (0.67–1.27)

PYS, person-years; aHR, adjusted hazard ratio; CI, confidence interval
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ment tools could reduce potential bias. Ensuring that these 
measurements are standardized and reliable across all vari-
ables would provide more robust support for the study’s find-
ings. Third, we did not explore the variations in insomnia 
patterns, such as duration and severity, which could signifi-
cantly influence stroke risk. Fourth, although depression was 
categorized into four levels to provide a nuanced analysis, the 
simplification into two broad categories may not fully cap-
ture the effect of depression on stroke risk. Fifth, despite sta-
tistical adjustments, there remains a potential for bias due to 
unmeasured or unobserved confounding variables. Lastly, 
given that our dataset is specific to a certain population group, 
the generalizability of our findings to other populations may 
be limited, and the observed associations between depres-
sion, insomnia, and stroke risk might manifest differently 
across various groups.

In conclusion, our study demonstrated that moderate-to-
severe depression may be a risk factor for stroke without in-
somnia. The findings highlight the importance of accounting 
for depression severity in stroke risk assessment and call for 
further research to explore the complex interplay between sleep 
disorders and cardiovascular health.
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