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Abstract
Background  Few studies have assessed the correlation between coexisting mental disorders in participants with 
diabetes mellitus (DM) and the risk of heart failure (HF). Herein, we conducted a cohort study to determine the 
association between the accumulation of mental disorders in participants with DM and the risk of HF.

Methods  The Korean National Health Insurance Service records were assessed. 2,447,386 adults with DM who 
underwent health screening between 2009 and 2012 were analyzed. Participants with major depressive disorder, 
bipolar disorder, schizophrenia, insomnia, or anxiety disorders were included. In addition, participants were 
categorized based on the number of coexisting mental disorders. Each participant was followed until December 2018 
or until the onset of HF. Cox proportional hazard modelling with confounding factors adjustment was conducted. In 
addition, a competing risk analysis was conducted. Subgroup analysis assessed the impact of clinical variables on the 
association between the accumulation of mental disorders and the risk of HF.

Results  The median follow-up duration was 7.09 years. The accumulation of mental disorders was associated with a 
risk of HF (zero mental disorder (0), reference; 1 mental disorder, adjusted hazard ratio (aHR): 1.222, 95% confidence 
intervals (CI): 1.207–1.237; 2 mental disorders, aHR: 1.426, CI: 1.403–1.448; ≥3 mental disorders, aHR: 1.667, CI: 1.632–
1.70. In the subgroup analysis, the strength of association was the strongest in the younger age group (< 40 years, 
1 mental disorder, aHR 1.301, CI 1.143–1.481; ≥2 mental disorders, aHR 2.683, CI 2.257–3.190; 40–64 years, 1 mental 
disorder, aHR 1.289, CI 1.265–1.314; ≥2 mental disorders, aHR 1.762, CI 1.724–1.801; ≥65 years, 1 mental disorder, 
aHR 1.164, CI 1.145–1.183; ≥2 mental disorders, aHR 1.353, CI 1.330–1.377; Pinter<0.001). In addition, income, BMI, 
hypertension, chronic kidney disease, history of cardiovascular disease, insulin use, and duration of DM showed 
significant interactions.

Conclusions  Comorbid mental disorders in participants with DM are associated with an increased risk of HF. In 
addition, the association was stronger in a younger age group. Participants with DM and mental disorders should be 
monitored with increased frequency for signs of HF; for which they have a higher risk than the general population.
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Background
Mental disorders are the leading cause of the global 
disease burden [1]. Previous studies have reported a 
prevalence of 322  million participants with depression, 
264 million with anxiety disorders, 46 million with bipo-
lar disorders, and 20  million with schizophrenia world-
wide [2, 3]. Additionally, substantial evidence indicates 
that mental disorders are associated with other medi-
cal conditions [4]. These medical conditions are often 
left unattended and lead to a decreased quality of life, 
increased healthcare utilization, and premature death in 
participants with mental disorders [4, 5]. Due to the high 
prevalence and its impact on physical health, research 
is recommended to establish causal pathways between 
mental disorders and fatal health outcomes [1].

Previous research has shown a higher incidence of 
major depressive disorders, bipolar disorders, schizo-
phrenia, anxiety disorders, and sleep disorders in par-
ticipants with DM than in the general population [6]. 
In addition, coexisting mental disorders in participants 
with DM often lead to decreased adherence to treatment 
and an increased risk of severe complications, including 
blindness, amputations, stroke, and cognitive decline [7].

Another medical condition that might be affected by 
mental disorders includes circulatory disorders such 
as heart failure (HF), ischemic heart disease, peripheral 
artery occlusive disease, atrial fibrillation, hypertension, 
dyslipidemia, and stroke [4]. Momen et al. suggested 
that the absolute risk of developing circulatory disorders 
within 15 years of the onset of mental disorders is 54.1% 
[4]. Additionally, a recent study has suggested that severe 
mental disorders affect the prognosis of heart failure 
(HF) patients [8].

DM is known to increase the risk of HF [9, 10]; how-
ever, few large-scale studies have assessed the association 
between the coexisting mental health disorder in partici-
pants with DM on the risk of HF [11]. Assessing the risk 
of HF in DM patients with mental disorders can help us 
predict the prognosis of this subset of patients. Therefore, 
we conducted a cohort study using large datasets from 
the South Korean adult population to determine whether 
the accumulation of mental disorders in DM participants 
was associated with an increased risk of HF.

Methods
The national health insurance service records and the 
korean national health screening database
The National Health Insurance Service (NHIS) records 
and the Korean National Health Screening (KNHS) data-
base were assessed in our study. The NHIS is a large-scale 
South Korean cohort [12, 13]. Approximately 50 million 

(97.2%) South Koreans are registered in the NHIS [14]. 
In South Korea, adults over 20 must undergo regular 
health check-ups provided by the NHIS every one to two 
years. Additionally, most South Koreans receive medi-
cal treatment at least once a year, with an average of 16.6 
visits per person per year [14, 15]. All data and results, 
including patient demographics, examination findings, 
treatment administered to the participants, and Interna-
tional Classification of Diseases (ICD-10) codes from this 
health check-up and clinic visit, are sent to the NHIS [16]. 
This database forms the KNHS database, which provides 
information of the health-screening questionnaires and 
laboratory findings [12]. The Institutional Review Board 
(IRB) of the NHIS and Soongsil University approved this 
study (SSU-202,003-HR-201-01). The requirement for 
informed consent was waived because de-identified data 
were used in this study.

Study design
Data from the NHIS and KNHS databases of the South 
Korean population with DM who underwent health 
check-ups between 2009 and 2012 were assessed 
(n = 2,746,079). Participants with the following charac-
teristics were excluded from the analysis: (1) age < 20 
years (n = 390), (2) missing covariates for the analy-
sis (n = 117,446), (3) participants with HF at baseline 
(n = 153,682), (4) participants who died within one year 
of enrollment in the study, and (5) those who were diag-
nosed with HF within one year of enrollment in the study 
(n = 27,176). After exclusion, 2,447,386 participants were 
included in this study (Fig. 1). The primary outcome was 
the risk of new-onset HF. The participants were followed 
up until December 31, 2018, or they developed newly 
diagnosed HF or until they died. The development of HF 
was assessed using the NHIS claims records at the end of 
2018.

Data collection
A standardized questionnaire was used to assess the 
health-related behaviors of the participants, including 
smoking, alcohol consumption, physical activity level, 
and income level [13]. Smoking status was categorized 
as (1) “never smoked,” (2) “ex-smokers,” or (3) “current 
smoker [17].” Alcohol consumption habits were catego-
rized as (1) “no drinking,” (2) “mild drinking” (< 30  g/
day), and (3) “heavy drinking” (≥ 30 g/day) [18, 19]. Reg-
ular exercise was defined as (1) participants engaged in 
> 25  min of high-intensity physical activity ≥ 3 days per 
week or (2) > 30 min of moderate-intensity physical activ-
ity ≥ 5 days per week [20]. The low-income group was 
defined as the total income of participants belonging to 
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(1) the 25th percentile of the South Korean population or 
(2) if a patient received support for medical costs from 
the South Korean government.

Trained medical staff collected anthropometric data, 
including body weight (kg) and height (cm), using an 
electronic scale. Body mass index (BMI) was calculated 
as weight (kg) divided by height (m) squared. The partici-
pants were asked to rest for at least five minutes before 
the blood pressure measurement in a sitting position 
using a sphygmomanometer with the brachial artery at 
the heart level. Waist circumference (cm) was measured 
as the distance between the midpoint of the rib cage and 
the iliac crest [13]. The participants were asked to fast for 
at least eight hours before blood sample collection.

Definition of medical conditions
DM was diagnosed when participants had one of the fol-
lowing findings at baseline: (1) a record of fasting blood 
glucose ≥ 126  mg/dL in the KNHS database, (2) a claim 
history for ICD-10 code E11–14, and (3) a record of anti-
diabetic medication prescription before January 2009 [21, 

22]. The duration of DM and the number of oral hypogly-
cemic agents used were assessed by examining the claim 
history for ICD-10 codes E11–14 or antidiabetic medi-
cation prior to 2009. The risk of HF was assessed based 
on the number of baseline mental disorders. HF at base-
line was defined as the presence of an ICD record (I50) 
and admission record due to HF prior to inclusion in the 
study. Incident HF was diagnosed when participants had 
a new ICD record of I50 and an admission record for HF 
during the follow-up period.

Chronic kidney disease (CKD) was defined as an esti-
mated glomerular filtration rate of < 60 mL/min/1.73m2 
by the Modification of Diet in the Renal Disease method 
[23]. Hypertension was defined when participants had 
one of the following conditions: (1) a systolic blood pres-
sure ≥ 140 mmHg, (2) a diastolic blood pressure ≥ 90 
mmHg, (3) the presence of ICD codes ICD 10–15, and 
(4) an antihypertensive medication claim history. Dyslip-
idemia was defined when participants had one of the fol-
lowing criteria: (1) a total cholesterol level ≥ 240 mg/dL or 

Fig. 1  Flow diagram of study participants. Abbreviation: HF, heart failure
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(2) an ICD code E78 with dyslipidemia medication claim 
history [13].

The participants were divided into four groups (0, 1, 2, 
≥ 3 mental disorders) based on the number of coexisting 
mental disorders at baseline using ICD-10 codes: major 
depressive disorder (F32, F33), bipolar disorder (F30, 
F31), schizophrenia (F20), insomnia (F47.0, F51.0), and 
anxiety disorder (F40, F41). Participants with a diagnosis 
code within five years of study inclusion were considered 
to have mental disorders at baseline. The participants 
with multiple mental disorders were counted separately. 
For example, participants with depression and bipolar 
disorder were counted once in the depression category 
and once in the bipolar disorder category and were cat-
egorized into the two mental disorders group.

Statistical methods
Data were expressed as mean ± standard deviation or geo-
metric mean (95% CI) based on the distribution of con-
tinuous variables. Categorical variables were expressed 
as frequencies (%). The One-way Analysis of Variance 
(ANOVA) was used to compare the means of continuous 
variables, while the chi-square test was used to compare 
the means of categorical variables. Incidence was calcu-
lated per 1,000 person-years.

The Cox proportional hazards model was used to 
assess the association between the number of coexisting 
mental disorders and the risk of HF. In addition, the asso-
ciation between each mental disorder and the risk of HF 
was assessed. Hazard ratios (HRs) and 95% CIs were cal-
culated. Five different sequential models were created for 
the multivariable analysis. Model 1 was a crude model. 
Model 2 was minimally adjusted for biological factors 
(age and sex). Model 3 was adjusted for lifestyle and 
social factors, in addition to Model 2 (age, sex, BMI, low 
income, smoking, drinking, and regular exercise). Model 
4 was adjusted for past medical history, DM treatment, 
and severity, in addition to Model 3 (age, sex, BMI, low 
income, smoking, drinking, regular exercise, hyperten-
sion, dyslipidemia, CKD, fasting glucose, duration of DM, 
insulin use, duration of DM ≥ 5 years, and use of more 
than three types of oral hypoglycemic agents). Finally, 
Model 5 was adjusted for CVD at baseline in addition 
to Model 4. As mortality events could compete with the 
outcome, a competing risk analysis was conducted using 
the Fine and Gray model by adjusting for confounding 
factors for all models. The assumption of proportional-
ity was verified using Schoenfeld residuals and log-log 
plots. Harrell’s C-index and Akaike Information Crite-
rion (AIC) were calculated in the multivariable models 
to compare the predictive power of survival models. The 
original model assessed the predictive power of mod-
els 1–5. The mental disorder accumulation model was 
created to compare whether adding a mental disorder 

accumulation variable to the original model strengthens 
the predictive power. In addition, Integrated Discrimi-
nation Index (IDI) and Net Reclassification Index (NRI) 
were calculated for reclassification improvement analy-
sis to compare the predictive power of models with and 
without mental disorders. The models without compet-
ing risk analysis were used for Harrell’s C-index, AIC, 
IDI, and NRI calculation. The cumulative incidence func-
tion curve from the full-adjusted model (Model 5) was 
plotted using the Kaplan-Meier method.

The participants were further divided into three sub-
groups: (1) 0 mental disorder, (2) 1 mental disorder, 
and (3) ≥ 2 mental disorders. Interaction analyses were 
conducted in each subgroup to determine the clinical 
factors (age, sex, income, BMI, smoking, drinking, regu-
lar exercise, hypertension, dyslipidemia, CKD, CVD, 
insulin use, number of oral hypoglycemic agents used, 
and duration of DM) that could affect the association 
between the number of mental disorders and the risk of 
HF. Multiplicative interaction terms were used to test 
the interactions. A new term created by multiplying the 
two variables was added to the Cox regression model. 
Multiple testing was adjusted by using Sidak method. 
In addition, participants were divided into three groups 
according to age (20–39 years, 40–64 years, and ≥ 65 
years old group) to assess the impact of aging. Two-sided 
p-values of < 0.05 were defined as statistically significant. 
SAS (Statistical Analysis Software 9.4; SAS Institute Inc., 
Cary, North Carolina, USA) was used to conduct all sta-
tistical analyses.

Results
Baseline characteristics
The median follow-up duration was 7.09 (5.89–8.06) 
years. Among the participants, 1,660,732 had 0 men-
tal disorder, 503,414 had 1 mental disorder, 201,357 
had 2 mental disorders, and 81,883 had ≥ 3 mental dis-
orders. 32.14% (n = 786,654) of patients had mental dis-
orders. All clinical characteristics showed significant 
differences between the groups (Table  1). The mean 
age of patients with mental disorders was 61.14 ± 11.22 
years, and that of participants without mental disor-
ders was 54.84 ± 12.16 years (p < 0.001). Participants 
without mental disorders had a higher proportion of 
men (68.95%), smoking rate (30.77%), heavy drinking 
rate (12.01%), systolic blood pressure (129.18 ± 15.76 
mmHg), fasting glucose level (148.29 ± 47.69  mg/
dL), and total cholesterol level (198.21 ± 42.38  mg/dL) 
(p < 0.001). The mental disorder group had lower BMIs 
(25.11 ± 3.39  kg/m2 vs. 24.92 ± 3.38  kg/m2), systolic 
blood pressures (129.18 ± 15.76 mmHg vs. 128.56 ± 15.81 
mmHg), waist circumferences (85.53 ± 8.6  cm vs. 
84.98 ± 8.68  cm), LDL-C (111.83 ± 41.12  mg/dL vs. 
110.72 ± 41.17 mg/dL), and heavy drinking rates (12.01% 
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vs. 6.62%) than the group of participants without mental 
disorders (p < 0.001) (Supplemental Table S1). When we 
compared characteristics based on each mental disorder, 
all variables showed significant differences, except for age 
(p = 0.113) and eGFR (p = 0.059), between patients with 
and without bipolar disorder; dyslipidemias (p = 0.056), 

CKD (p = 0.702), CVD (p = 0.236), LDL-C level (p = 0.137), 
and eGFR (p = 0.355) between participants with and with-
out schizophrenia (Supplemental Table S2).

Table 1  Baseline characteristics according to the number of mental disorders
Number of mental disorders p-value p for 

trend0 1 2 ≥ 3
n 1,660,732 503,414 201,357 81,883

Age, years 54.84 ± 12.16 60.16 ± 11.36 62.63 ± 10.77 63.46 ± 10.6 < 0.0001 < 0.0001

Age group, years < 0.0001 < 0.0001

< 40 172,310 (10.38) 18,404 (3.66) 3617 (1.8) 1053 (1.29)

40–64 1,116,744 (67.24) 297,779 (59.15) 105,680 (52.48) 40,678 (49.68)

≥ 65 371,678 (22.38) 187,231 (37.19) 92,060 (45.72) 40,152 (49.04)

Sex < 0.0001 < 0.0001

Men 1,145,066 (68.95) 244,885 (48.64) 78,081 (38.78) 28,114 (34.33)

Women 515,666 (31.05) 258,529 (51.36) 123,276 (61.22) 53,769 (65.67)

Income, Q1 (Lowest) 341,567 (20.57) 108,084 (21.47) 44,733 (22.22) 19,073 (23.29) < 0.0001 < 0.0001

Smoking < 0.0001 < 0.0001

Non 811,873 (48.89) 324,409 (64.44) 142,901 (70.97) 59,766 (72.99)

Ex 337,898 (20.35) 81,607 (16.21) 27,241 (13.53) 9642 (11.78)

Current 510,961 (30.77) 97,398 (19.35) 31,215 (15.5) 12,475 (15.24)

Drinking < 0.0001 < 0.0001

Non 820,369 (49.4) 333,872 (66.32) 151,442 (75.21) 65,795 (80.35)

Mild 640,898 (38.59) 131,264 (26.07) 39,407 (19.57) 12,808 (15.64)

Heavy 199,465 (12.01) 38,278 (7.6) 10,508 (5.22) 3280 (4.01)

Regular exercise 349,544 (21.05) 104,194 (20.7) 40,210 (19.97) 15,632 (19.09) < 0.0001 < 0.0001

Hypertension 861,072 (51.85) 307,321 (61.05) 131,726 (65.42) 54,076 (66.04) < 0.0001 < 0.0001

Dyslipidemia 629,360 (37.9) 231,149 (45.92) 102,340 (50.83) 44,041 (53.79) < 0.0001 < 0.0001

CKD 146,018 (8.79) 65,575 (13.03) 32,686 (16.23) 15,114 (18.46) < 0.0001 < 0.0001

CVD 23,244 (1.4) 12,928 (2.57) 7307 (3.63) 3862 (4.72) < 0.0001 < 0.0001

DM Duration, ≥ 5 years 446,980 (26.91) 179,791 (35.71) 80,347 (39.9) 33,450 (40.85) < 0.0001 < 0.0001

Insulin 105,866 (6.37) 52,216 (10.37) 28,176 (13.99) 13,883 (16.95) < 0.0001 < 0.0001

OHA, ≥ 3 types 212,974 (12.82) 83,483 (16.58) 36,545 (18.15) 15,057 (18.39) < 0.0001 < 0.0001

Depression 0 (0) 96,242 (19.12) 117,533 (58.37) 80,775 (98.65) < 0.0001 < 0.0001

Bipolar 0 (0) 1159 (0.23) 1739 (0.86) 4386 (5.36) < 0.0001 < 0.0001

Schizophrenia 0 (0) 3394 (0.67) 2867 (1.42) 4051 (4.95) < 0.0001 < 0.0001

Insomnia 0 (0) 117,535 (23.35) 113,063 (56.15) 79,832 (97.5) < 0.0001 < 0.0001

Anxiety 0 (0) 285,084 (56.63) 167,512 (83.19) 80,530 (98.35) < 0.0001 < 0.0001

BMI, kg/m2 25.11 ± 3.39 24.98 ± 3.36 24.85 ± 3.4 24.72 ± 3.46 < 0.0001 < 0.0001

Waist Circumference, cm 85.53 ± 8.6 85.08 ± 8.62 84.84 ± 8.74 84.67 ± 8.9 < 0.0001 < 0.0001

SBP, mmHg 129.18 ± 15.76 128.77 ± 15.78 128.47 ± 15.82 127.51 ± 15.89 < 0.0001 < 0.0001

DBP, mmHg 79.55 ± 10.32 78.41 ± 10.06 77.89 ± 10.06 77.43 ± 10.11 < 0.0001 < 0.0001

Fasting glucose, mg/dL 148.29 ± 47.69 140.58 ± 44.81 136.98 ± 44.81 134.86 ± 45.52 < 0.0001 < 0.0001

Total cholesterol, mg/dL 198.21 ± 42.38 195.19 ± 42.81 193.86 ± 43.45 193.7 ± 44.38 < 0.0001 < 0.0001

HDL-C, mg/dL 51.92 ± 22.92 52.29 ± 24.34 52.51 ± 25.16 52.52 ± 26.31 < 0.0001 < 0.0001

LDL-C, mg/dL 111.83 ± 41.12 111.02 ± 40.94 110.25 ± 41.5 110.04 ± 41.73 < 0.0001 < 0.0001

eGFR 86.75 ± 36.72 83.82 ± 35.27 81.78 ± 34.94 80.55 ± 34.54 < 0.0001 < 0.0001

TG 149.71 
(149.57–149.84)

141.21 
(140.99–141.42)

139.08 
(138.75–139.41)

139.98 
(139.47–140.5)

< 0.0001 < 0.0001

Continuous variables are expressed as mean ± standard deviation, and categorical variables are expressed as frequency (percent)

Abbreviations: Q, quartile; CKD, chronic kidney disease; CVD, cardiovascular disease; DM, diabetes mellitus; OHA, oral hypoglycemic agent; BMI, body mass index; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated 
glomerular filtration rate; TG, triglyceride
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Risk of HF according to the number of coexisting mental 
disorders
The risk of HF in participants with mental disorders was 
significantly associated with the number of mental disor-
ders in the crude model. The strength of the association 
showed a graded increase with an increasing number of 
coexisting mental disorders in the crude model (Table 2, 
competing risk model 1). The associations were signifi-
cant after adjusting for confounding factors in multiple 
sequential models (Table 2, Competing risk model 2–5). 
The cumulative incidence curve showed increased inci-
dence probability with a higher number of coexisting 
mental disorders (Fig.  2). Adding the mental disorder 
accumulation variable to the predictive model (mental 
disorder accumulation model) showed a higher c-index 
in all models compared to the original model. In addition, 
AIC values were lower in the mental disorder accumula-
tion model (Supplemental Table S3, S4). IDI and NRI 
values were higher than 0, indicating that a model with 
a mental disorder accumulation predicts the risk of HF 
better than a model without it (Supplemental Table S5).

When we assessed the each mental disorder separately, 
each mental disorder was associated with an increased 
risk of HF. This association was significant after adjust-
ing for confounding factors (competing risk model 5: 
depression, HR, 1.321; CI, 1.304–1.338; bipolar disorder 
HR, 1.406; CI, 1.301–1.520; schizophrenia HR, 1.405; CI, 
1.302–1.516; insomnia, HR, 1.305; CI, 1.289–1.322; anxi-
ety disorder, HR, 1.287; CI, 1.273–1.302) (Supplemental 
Table S6).

Subgroup analysis
Interaction analysis and subsequent subgroup analysis 
were performed. In the < 40 years age group, the impact 
of mental disorder accumulation was stronger than that 
in the older age groups (either 40–64 or ≥ 65 years). In 
addition, mental disorder accumulation had a stronger 
impact on the low-income group (Q1), with higher BMI 
(≥ 25  kg/m2), no-hypertension, no-CKD, no-CVD his-
tory, no-insulin use, less than three types of OHA use, 
and less than five years of DM group. (Fig. 3; Table 3).

The baseline characteristics of each subgroup and the 
follow-up duration were compared. In the age subgroups, 
the follow-up duration was shorter in the < 40 years 
group than in the ≥ 65 years age group, and the propor-
tion of men was significantly higher in the < 40 years 
group (81.72%) than in the ≥ 65 years group. The mean 
age of the low- and high-income groups was similar 
(56.88 ± 11.67 vs. 56.86 ± 12.37, p = 0.247). However, com-
pared with the CKD subgroup, the mean age of the no-
CKD subgroup was significantly lower (55.89 ± 11.99 vs. 
65.06 ± 11, p < 0.0001) (Supplemental Table S7, S8).

The subgroup analysis according to mental disorders 
(Supplemental Table S9-S13) revealed that both men 
and women with depression had an increased risk of HF 
(Supplemental Table S9). In addition, smoking, drink-
ing, and regular exercise did not contribute to the devel-
opment of HF in the schizophrenia group (Supplemental 
Table S11).

In addition, we conducted a subgroup analysis accord-
ing to age. Participants were divided into 20–39 years, 

Table 2  Risk of heart failure according to the number of coexisting mental disorders
N HF Duration Rate Compet-

ing risk
Model 1

Compet-
ing risk
Model 2

Compet-
ing risk
Model 3

Compet-
ing risk
Model 4

Compet-
ing risk
Model 5

Number of mental disorders
0 1,660,732 83,675 11,389,796.56 7.3465 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.)

1 503,414 40,048 3,374,050.53 11.8694 1.598 
(1.579, 
1.617)

1.273 
(1.257, 
1.288)

1.269 
(1.253, 
1.284)

1.225 
(1.211, 
1.241)

1.222 
(1.207, 
1.237)

2 201,357 21,035 1,313,248.76 16.0175 2.141 
(2.109, 
2.174)

1.541 
(1.517, 
1.566)

1.530 
(1.507, 
1.555)

1.434 
(1.411, 
1.457)

1.426 
(1.403, 
1.448)

≥ 3 81,883 10,280 514,046.18 19.9982 2.667 
(2.612, 
2.722)

1.852 
(1.813, 
1.891)

1.831 
(1.793, 
1.870)

1.684 
(1.649, 
1.721)

1.667 
(1.632, 
1.703)

The risk of heart failure was expressed as HR with 95% confidence interval (CI).

The incidence rate was calculated per 1000 person-years

Model 1: crude model

Model 2: age, sex

Model 3: age, sex, BMI, low income, smoking, drinking, and regular exercise

Model 4: Age, sex, BMI, low income, smoking, drinking, regular exercise, hypertension, dyslipidemia, CKD, fasting glucose, duration of DM, insulin use, duration of 
DM ≥ 5 years, and use of more than three types of oral hypoglycemic agents

Model 5: Age, sex, BMI, low income, smoking, drinking, regular exercise, hypertension, dyslipidemia, CKD, CVD, fasting glucose, duration of DM, insulin use, duration 
of DM ≥ 5 years, and use of more than three types of oral hypoglycemic agents

HF, heart failure; Ref, reference; CKD, chronic kidney disease; CVD, cardiovascular disease; DM, diabetes mellitus; BMI, body mass index; HR, hazard ratio
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40–64 years, and ≥ 65 years old. Variables did not show 
a significant interaction in the 20–39 years group. Sex, 
obesity, number of OHA use, and DM duration showed 
significant interactions in the 40–64 years group. The 
strength of association between mental disorder accu-
mulation and the risk of HF was stronger in the women, 
obese, and less than three types of OHA use, and less 
than five years of DM group in 40–64 years. In ≥65 years 
old group, obesity, CKD, and DM duration showed sig-
nificant interactions. The CKD group showed a weaker 

association with the risk of HF than the no-CKD group 
(Supplemental Tables 14–16).

Discussion
This is a novel study assessing the association between 
mental disorders and HF in a large-scale DM population. 
Our results showed that an increased number of coex-
isting mental disorders was associated with a risk of HF 
in a population with DM. In addition, mental disorders 
such as depression, bipolar disorders, schizophrenia, 

Fig. 2  Cumulative incidence curve using adjusted Kaplan-Meier methods
X axis = time (Years), Y axis = incidence probability. 0: 0 mental disorder; 1: 1 mental disorder; ≥ 2: ≥ 2 mental disorders.
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insomnia, and anxiety disorders were significantly asso-
ciated with the risk of HF in participants with DM. The 
impact of mental disorder accumulation was the stron-
gest in the young age group (≤40). This association was 
consistent after adjusting for confounding factors and 
competing risk analysis.

DM and mental disorders have a bidirectional rela-
tionship. Individuals with DM are at an increased risk 
for mental disorders due to continuous distress, such 
as feeling overwhelmed by the DM regimen, concerns 
about possible complications, and guilt when their DM 
is not managed well [7]. Conversely, many first- and 

second-generation antipsychotic medications increase 
the risk of type 2 DM, obesity, and dyslipidemia [24]. 
Additionally, participants with severe mental disorders 
have multiple barriers to effective control of DM, such as 
stress, isolation, periods of deteriorating mental health, 
low self-efficacy, lack of social support, and poor rela-
tionships with healthcare providers [25].

Even though numerous studies demonstrate a clear 
relationship between mental health and CVDs, the 
impact of mental disorders on the development of HF 
has rarely been investigated [26]. Poliwartek et al. con-
ducted a study in a US population of 20,906 participants. 

Fig. 3  Forest plot of subgroup analysis result
 X axis = adjusted hazard ratio, Y axis = mental disorders. Abbreviations: Ref, reference; HR, hazard ratio; C.I, confidence interval; BMI, body mass index; CKD, 
chronic kidney disease; CVD, cardiovascular disease; OHA, oral hypoglycemic agent; DM, diabetes mellitus
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Number 
of
mental 
disorder

N HF Duration Rate Competeing risk
Model 5
(95% CI)

*P for 
interac-
tion

Age groups < 40 0 172,310 1908 1201397.99 1.5881 1 (Ref.) < 0.0001
1 18,404 259 126184.98 2.0525 1.301 (1.143, 1.481)

≥ 2 4670 137 31480.83 4.3519 2.683 (2.257, 3.190)

40–64 0 1,116,744 40,225 7762206.14 5.1822 1 (Ref.)

1 297,779 14,992 2050684.93 7.3107 1.289 (1.265, 1.314)

≥ 2 146,358 10,549 980653.12 10.7571 1.762 (1.724, 1.801)

≥ 65 0 371,678 41,542 2426192.43 17.1223 1 (Ref.)

1 187,231 24,797 1197180.62 20.7128 1.164 (1.145, 1.183)

≥ 2 132,212 20,629 815,161 25.3067 1.353 (1.330, 1.377)

Sex Male 0 1,145,066 56,389 7814725.73 7.2157 1 (Ref.) 0.416

1 244,885 19,780 1610896.73 12.2789 1.229 (1.208, 1.249)

≥ 2 106,195 12,119 659098.17 18.3872 1.472 (1.442, 1.502)

Female 0 515,666 27,286 3575070.83 7.6323 1 (Ref.)

1 258,529 20,268 1763153.8 11.4953 1.216 (1.194, 1.238)

≥ 2 177,045 19,196 1168196.78 16.4322 1.512 (1.484, 1.541)

Income Q2-4 0 1,319,165 64,967 9062904.67 7.1685 1 (Ref.) 0.0076
1 395,330 31,433 2659638.76 11.8185 1.224 (1.207, 1.241)

≥ 2 219,434 24,280 1426903.54 17.0159 1.477 (1.454, 1.500)

Q1 0 341,567 18,708 2326891.89 8.0399 1 (Ref.)

1 108,084 8615 714411.77 12.0589 1.213 (1.182, 1.245)

≥ 2 63,806 7035 400391.41 17.5703 1.562 (1.519, 1.607)

BMI (kg/m2) < 25 0 844,070 44,954 5750494.61 7.8174 1 (Ref.) < 0.0001
1 263,600 21,319 1746031.44 12.21 1.184 (1.164, 1.203)

≥ 2 153,822 16,889 975093.25 17.3204 1.421 (1.395, 1.448)

25+ 0 816,662 38,721 5639301.94 6.8663 1 (Ref.)

1 239,814 18,729 1628019.09 11.5042 1.266 (1.244, 1.288)

≥ 2 129,418 14,426 852201.69 16.9279 1.585 (1.554, 1.617)

Smoking Non, ex 0 1,149,771 60,328 7921183.55 7.616 1 (Ref.) 0.4682

1 406,016 32,725 2736769.06 11.9575 1.221 (1.205, 1.238)

≥ 2 239,550 26,547 1557851.58 17.0408 1.484 (1.462, 1.507)

Current 0 510,961 23,347 3468613.01 6.7309 1 (Ref.)

1 97,398 7323 637281.46 11.491 1.219 (1.187, 1.252)

≥ 2 43,690 4768 269443.36 17.6957 1.554 (1.505, 1.605)

Drinking Non, Mild 0 1,461,267 74,983 10028685.57 7.4769 1 (Ref.) 0.8101

1 465,136 37,500 3119475.89 12.0213 1.226 (1.210, 1.241)

≥ 2 269,452 30,022 1740087.29 17.2532 1.504 (1.483, 1.526)

Heavy 0 199,465 8692 1361110.99 6.386 1 (Ref.)

1 38,278 2548 254574.64 10.0089 1.252 (1.198, 1.308)

≥ 2 13,788 1293 87207.65 14.8267 1.604 (1.512, 1.701)

Regular exercise No 0 1,311,188 66,811 8959839.95 7.4567 1 (Ref.) 0.8664

1 399,220 32,667 2661619.93 12.2734 1.219 (1.202, 1.235)

≥ 2 227,398 25,954 1455521.57 17.8314 1.486 (1.464, 1.509)

Yes 0 349,544 16,864 2429956.6 6.94 1 (Ref.)

1 104,194 7381 712430.6 10.3603 1.233 (1.199, 1.267)

≥ 2 55,842 5361 371773.38 14.4201 1.539 (1.492, 1.587)

Hypertension No 0 799,660 26,575 5532114.8 4.8038 1 (Ref.) < 0.0001
1 196,093 10,376 1334150.19 7.7772 1.234 (1.206, 1.263)

≥ 2 97,438 7649 641715.4 11.9196 1.607 (1.566, 1.649)

Yes 0 861,072 57,100 5857681.75 9.7479 1 (Ref.)

1 307,321 29,672 2039900.34 14.5458 1.215 (1.198, 1.233)

≥ 2 185,802 23,666 1185579.54 19.9615 1.460 (1.437, 1.483)

Table 3  Subgroup analysis according to the number of mental disorders
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They showed that participants with severe mental disor-
ders, such as schizophrenia, bipolar disorder, and severe 
depression, presented with clinical HF seven years ear-
lier than the general population. Additionally, men with 
severe mental disorders showed higher mortality rates 
than those without [8]. However, this study did not inves-
tigate the risk of HF. Our study is unique as we used a 
larger population and specifically included participants 
with DM. Williams et al. prospectively assessed the risk 

of HF in 2,501 participants. They showed that depression 
was associated with a greater risk of HF in older women 
but not in older men. However, the study results were 
limited because of the small number of participants with 
depression (n = 188; 132 women and 56 men) [27]. In our 
subgroup analysis, depression in both men and women 
was significantly associated with an increased risk of HF. 
In addition, the risk of HF was consistently elevated in 
all age groups in the depression group. It is possible that 

Number 
of
mental 
disorder

N HF Duration Rate Competeing risk
Model 5
(95% CI)

*P for 
interac-
tion

Dyslipidemia No 0 1,031,372 48,200 7064268.54 6.8231 1 (Ref.) 1

1 272,265 20,425 1816591.38 11.2436 1.222 (1.202, 1.243)

≥ 2 136,859 14,392 874979.27 16.4484 1.490 (1.461, 1.519)

Yes 0 629,360 35,475 4325528.01 8.2013 1 (Ref.)

1 231,149 19,623 1557459.14 12.5994 1.221 (1.200, 1.243)

≥ 2 146,381 16,923 952315.67 17.7704 1.501 (1.473, 1.530)

CKD No 0 1,514,714 67,810 10416080.13 6.5101 1 (Ref.) < 0.0001
1 437,839 30,519 2955953.15 10.3246 1.237 (1.220, 1.255)

≥ 2 235,440 23,102 1535964.61 15.0407 1.566 (1.542, 1.591)

Yes 0 146,018 15,865 973716.43 16.2932 1 (Ref.)

1 65,575 9529 418097.38 22.7913 1.159 (1.129, 1.189)

≥ 2 47,800 8213 291330.33 28.1914 1.301 (1.266, 1.337)

CVD History No 0 1,637,488 80,578 11241155.6 7.1681 1 (Ref.) < 0.0001
1 490,486 37,989 3294519.44 11.531 1.228 (1.213, 1.243)

≥ 2 272,071 29,164 1762004.36 16.5516 1.510 (1.489, 1.532)

Yes 0 23,244 3097 148640.96 20.8354 1 (Ref.)

1 12,928 2059 79531.08 25.8892 1.086 (1.025, 1.150)

≥ 2 11,169 2151 65290.59 32.945 1.266 (1.196, 1.340)

Insulin use No 0 1,554,866 71,973 10701079.56 6.7258 1 (Ref.) < 0.0001
1 451,198 32,616 3045178.98 10.7107 1.240 (1.223, 1.256)

≥ 2 241,181 23,783 1575053.52 15.0998 1.528 (1.504, 1.552)

Yes 0 105,866 11,702 688,717 16.991 1 (Ref.)

1 52,216 7432 328871.54 22.5985 1.132 (1.099, 1.166)

≥ 2 42,059 7532 252241.43 29.8603 1.371 (1.331, 1.413)

OHA Number < 3 0 1,447,758 67,235 9917565.36 6.7794 1 (Ref.) < 0.0001
1 419,931 31,222 2811278.27 11.106 1.232 (1.215, 1.249)

≥ 2 231,638 24,384 1493841.85 16.323 1.530 (1.506, 1.554)

3+ 0 212,974 16,440 1472231.2 11.1667 1 (Ref.)

1 83,483 8826 562772.25 15.6831 1.182 (1.151, 1.213)

≥ 2 51,602 6931 333453.09 20.7855 1.380 (1.341, 1.420)

DM Duration < 5 0 1,213,752 47,295 8332764.95 5.6758 1 (Ref.) < 0.0001
1 323,623 20,470 2176231.39 9.4062 1.272 (1.251, 1.293)

≥ 2 169,443 15,412 1100868.29 13.9999 1.619 (1.588, 1.650)

5+ 0 446,980 36,380 3057031.61 11.9004 1 (Ref.)

1 179,791 19,578 1197819.13 16.3447 1.165 (1.145, 1.186)

≥ 2 113,797 15,903 726426.66 21.8921 1.380 (1.353, 1.407)
Competing risk Model 5: Adjusted for age, sex, BMI, low income, smoking, drinking, regular exercise, hypertension, dyslipidemia, CKD, CVD, fasting glucose, duration 
of DM ≥ 5 years, insulin use, and use of more than three types of oral hypoglycemic agents

*Multiple testing was adjusted with Sidak method

Abbreviations: Q, quartile; HR, hazard ratio; CI, confidence interval; BMI, body mass index; DM, diabetes mellitus; CKD, chronic kidney disease; CVD, cardiovascular 
disease; OHA, oral hypoglycemic agent

Table 3  (continued) 
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the relatively small number of participants masked the 
results of the previous study.

Previously, an unhealthy lifestyle in patients with men-
tal disorders, including increased smoking, a high-calorie 
diet, higher intake of cholesterol and carbohydrate-rich 
diet, and decreased exercise time, which leads to meta-
bolic disturbances, was suggested as a cause of the 
increased risk of CVDs in these patients [26, 28–30]. 
Interestingly, participants with mental disorders in our 
cohort had lower smoking rates and BMIs than those 
without mental disorders. Furthermore, the elevated HF 
risk in the participants with mental disorders persisted 
after adjusting for social and lifestyle-related confound-
ing factors such as BMI, smoking, drinking, income, and 
physical activity levels. These findings suggest that in 
addition to medications that can cause metabolic distur-
bances and unhealthy lifestyles in participants with men-
tal disorders, mental disorders per se can directly impact 
HF development in participants with DM. Furthermore, 
our findings suggest that multiple coexisting mental dis-
orders can increase the risk of HF in an additive fashion 
in participants with DM.

The impact of mental disorders on the development 
of HF can be explained through multiple mechanisms. 
First, hyperactivation of the sympathetic nervous system 
in participants with mental disorders may contribute to 
HF development. Depression, insomnia, schizophre-
nia, and anxiety disorders are associated with increased 
serum adrenaline levels [26, 31–33]. In addition, the nor-
adrenaline metabolite is increased in the serum of par-
ticipants with untreated bipolar disorder compared to 
that in healthy controls [34]. Additionally, antipsychotics 
can increase plasma catecholamine levels [35]. This leads 
to chronically elevated sympathetic neural signals in the 
heart, potentially contributing to HF development [36].

Second, altered left ventricular (LV) structure and car-
diac remodeling can reduce the LV ejection fraction and 
lead to HF [8]. This could be due to the intrinsic effects 
of mental disorders, in addition to the poor lifestyle hab-
its of participants with mental disorders and the effects 
of antipsychotic drug treatment [8, 37]. Pillinger et al. 
showed that early diffuse fibroinflammatory myocardial 
process is present in medicated participants with schizo-
phrenia compared to a matched healthy cohort. The 
results suggested that myocardial fibrosis and inflamma-
tion in participants with schizophrenia are due to anti-
psychotic treatment or factors intrinsic to schizophrenia 
[37]. This potential intrinsic effect of schizophrenia or 
antipsychotic medications on the heart might explain the 
results of the subgroup analysis of our study; there were 
no interactions with behavioral factors in the schizo-
phrenia group. Finally, the medication effect could have 
contributed to the increased HF risk. Tricyclic antide-
pressants can also decrease cardiac contractility [38]. 

Lithium has a potential depressant effect on the myocar-
dium [39]. Atypical antipsychotics can indirectly contrib-
ute to the development of HF by increasing sympathetic 
activity, thereby causing weight gain and insulin resis-
tance [39].

Our subgroup analysis revealed several interesting 
findings. First, the impact of mental disorder accumula-
tion was stronger in the younger age groups than in the 
older age groups. This might be due to desensitization of 
the aged heart against adrenergic stimulation from men-
tal disorders [26, 31–34, 40, 41].

Second, the low-income group was more affected by 
mental disorder accumulation, although there was no 
significant difference in age between the low- and higher-
income groups. Low-income households are known to be 
associated with a lifetime risk of mental disorders [42]. In 
addition, household income is strongly associated with 
heart disease [43]. This finding suggests that low income 
might potentiate the detrimental effects of mental disor-
der accumulation on HF development.

Third, participants with CKD were less affected by the 
accumulation of mental disorders, especially in age ≥65 
years. Correcting for multiple cardiovascular risk factors, 
such as hypertension, diabetes, and dyslipidemia does 
not neutralize the impact of CKD on the risk of CVD 
[44]. CKD may be a more potent driving factor for HF 
than mental disorder accumulation in participants with 
CKD, especially in the older adult group.

Fourth, CVD history, insulin use, the number of oral 
hypoglycemic agents used (OHA, ≥ 3 types), and dura-
tion of DM (≥ 5 years) all showed strong interactions. 
Participants with these characteristics were less affected 
by mental disorder accumulation, older, and more fre-
quently associated with other CVD risk factors, such as 
hypertension, dyslipidemia, and CKD. The presence of 
multiple cardiovascular risk factors in this population 
may have partially masked the effects of mental disorder 
accumulation.

Of note, sex interaction was insignificant in the risk of 
HF in participants with DM and concurrent mental dis-
orders. The impact of mental disorder accumulation on 
the risk of HF might be similar in both men and women.

Our study has several strengths. First, we included a 
large cohort with DM from the South Korean population. 
Second, in addition to a large number of participants, our 
cohort represented the community because we used an 
established nationwide cohort, the NHIS records [14]. 
Third, we extensively assessed the association between 
mental disorders and the risk of HF in participants with 
DM by conducting rigorous statistical analysis.

Limitations
Our study had some limitations. First, it was a retro-
spective study; however, having a large cohort size, our 
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study can reliably suggest a relationship between mental 
disorders and the risk of HF. Second, the study was con-
ducted in a single ethnicity, South Korean. Finally, the 
analysis did not include participants who developed HF 
after 2018. To mitigate this limitation, we tracked the 
presence of mental disorders five years before inclusion 
in the study. This provided an adequate follow-up period 
to assess the risk of HF. Prospective studies focusing on 
broader ethnic groups and longer follow-up durations 
should be conducted to confirm our study results.

CONCLUSIONS
In conclusion, our results show that the presence and 
accumulation of mental disorders in participants with 
DM are significantly associated with an increased risk of 
HF. Therefore, participants with DM and comorbid men-
tal disorders should be monitored more frequently for 
HF development than the general population.
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