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Background: Individual cardiometabolic diseases (CMDs) are associated with

an increased risk of depression, but it’s unclear whether having more than

one CMD is associated with accumulative e�ects on depression. We aimed

to assess the associations between CMDs and depression and determine the

accumulative extent.

Methods: In this cross-sectional study based on UK Biobank, participants

with available information on CMDs and depression were enrolled. The

history of CMDs was derived from self-reported medical history and electrical

health-related records. Depression status was assessed by the aggregation

of self-reported history and antidepressant use, depression (Smith), and

hospital inpatient diagnoses. Logistic regression models were fitted to assess

the association between the number or specific patterns of CMDs and

depression and to test the accumulative e�ect of CMD number, adjusting for

confounding factors.

Results: 391,083 participants were enrolled in our analyses. After multivariable

adjustments, CMDs of di�erent number or patterns were associated with

a higher risk of depression compared with the reference group (all P

< 0.001). In the full-adjusted model, participants with one [odds ratio

(OR) 1.26, 95% confidence interval (CI) 1.23–1.29], two (OR 1.50, 95%

CI 1.44–1.56), and three or more (OR 2.13, 95% CI 1.97–2.30) CMD(s)

had an increased risk of depression. A significant, accumulative dose-

related relationship between the number of CMDs and depression was

observed (OR 1.25, 95% CI 1.24–1.27). The dose-dependent accumulative

relationship was consistent in stratified analyses and sensitivity analyses.
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Conclusions: CMDswere associatedwith a higher risk of depression, and there

was an accumulative relationship between CMD number and depression.

KEYWORDS

cardiometabolic diseases, depression, accumulative e�ect, multimorbidity, UK

biobank

Introduction

Depressive disorders are a main and increasing cause of

disability, affecting about 280 million people worldwide (1).

Besides the high prevalence, they also have a negative influence

on social and professional functioning, physical health, and

quality of life, and often co-exist with cardiometabolic diseases

(CMDs) (2, 3).

There are numerous studies suggesting associations

between CMDs and depression. Individual CMDs like diabetes,

hypertension, coronary artery disease (CAD), and stroke have

been demonstrated to relate to depression (2–4). CMDs and

depression may share common environmental factors and

common risk factors such as inflammation and metabolic

factors (5, 6), or the mechanism underlying this comorbidity

is simply shared genetic variants and pathways (7). However,

studies demonstrated that CMDs play an important role in the

development of depression (8–10).

Although there is broad agreement that individual CMDs

are related to depression, it is uncertain whether there is a

cumulative effect on the risk of depression when an individual

suffers from more than one CMD. Considering the increasing

prevalence of cardiometabolic multimorbidity globally (11, 12),

the purpose of this study is to assess the association of multiple

CMDs with depression and to elucidate whether there is a

cumulative effect of CMDs on depression in the UK Biobank

cohort. This question is of great importance since there is a

growing number living with more than one CMDs.

Methods

Study population and design

This study utilized data from the UK Biobank. UK Biobank

is a large population-based prospective study, recruiting

over 500,000 participants aged 40–69 years from 2006

to 2010 across the United Kingdom. Providing informed

consent, the participants finished questionnaires, interviews,

physical measurements and offered biological samples to

provide extensive information on demographics, health-related

lifestyles, medical history, and anthropometry. Health outcomes

including disease diagnoses, operations, and deaths were

accessed via linkages to electrical health-related records. UK

Biobank has been approved by the National Health Service

(NHS) National Research Ethics Service (approval letter dated

17th June 2011, Ref 11/NW/0382).

Data from 502,415 participants of UK Biobank was

available. In this cross-sectional study, we enrolled participants

with available information on the status of CMDs and

depression disorders and other involved covariates, and we

excluded people with other psychosis phenotypes (psychosis

and bipolar disorder) at recruitment (n = 5,678, definitions

shown in Supplementary materials, Section 1). Finally, 391,083

participants were involved in our analyses.

Assessment of exposure

The interested exposure was the status of CMDs [diabetes,

hypertension, stroke, and CAD (includingmyocardial infarction

and stable angina)] at recruitment in this study. The detailed

definitions are given in Supplementary Table 1. In brief, self-

reported medical history, medication use, operation history, and

electrical health-related records were aggregated to derive the

status of CMDs and corresponding diagnosed date. Participants

were grouped by the number of CMDs at recruitment (0–4), and

those with 3 or 4 conditions were merged into ≥3 conditions

in later analyses because of the small sample size of 4 diseases

(n = 283). In further analyses, we also categorized participants

exclusively according to specific patterns of CMDs: (a). No

CMDs; (b). Diabetes; (c). Hypertension; (d). CAD; (e). Stroke;

(f). Hypertension + diabetes; (g). Hypertension + CAD; (h).

Hypertension + stroke; (i). Hypertension + diabetes + CAD.

For adequate statistical power, only patterns with ≥1,000 cases

were involved.

Assessment of outcomes

The primary outcome was depression at recruitment. Here,

we adopted definitions from Glanville et al. (13) and used 4

measurements to identify depression [(a). Self-reported history

of depression; (b). Antidepressant using history; (c). Depression

defined by Smith et al. (14); (d). Diagnosis of hospital inpatient

coded by the International Classification of Disease version 10

(ICD-10)]. Participants who met ≥1 criteria were considered
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with depression. Detailed definitions, field IDs, and codes are

provided in Supplementary materials, Section 1.

We adopted 3 depression phenotypes defined by Smith et al.

(14) as secondary outcomes. At baseline, 172,751 participants

finished an extended touchscreen questionnaire about

psychosocial questions. According to the severity and frequency

of depressive symptoms (Supplementary materials, Section 2),

these participants were classified to have: (a). Probable lifetime

(single) episode of major depression; (b). Probable recurrent

major depressive disorder (moderate); (c). Probable recurrent

major depressive disorder (severe).

Other covariates

Age, ethnicity, sex, education degree, Townsend

deprivation index, and lifestyles were derived from population

characteristics and touchscreen questionnaires. Education

was dichotomized into University/college/other professional

qualifications degrees and others depending on self-reported

highest qualification achieved. Townsend deprivation index

was derived from the postcode of residence, proving a measure

of material deprivation. Body mass index (BMI, kg/m2)

was calculated as measured body weight (kg) divided by

square of height (m2). Alcohol consumption frequency was

dichotomized into≤2 and >2 times per week. Diet was assessed

by a healthy diet score adopted from the American Heart

Association Guidelines (15), involving the consumption of

fruit and vegetable, fish, processed, and red meat (presented in

Supplementary Table 2).

Statistical analyses

The population characteristics were described according to

the number and patterns of CMDs, respectively. Continuous

variables were expressed as mean [standard deviation (SD)], and

categorical ones were expressed as number (percentage, %).

First, a series of subset data were extracted and logistic

regression models were fitted to assess the association between

the number or specific patterns of CMDs and risk of depression,

setting participants without CMDs as the reference group.

Then, to assess the accumulative effects of disease number, a

continuous variable was generated, with value 0 for no disease,

1 for single disease, 2 for 2 diseases, and 3 for ≥3 conditions,

and this variable was used to fit logistic regression models of

the whole crowd. Each model had 3 settings: a base model

adjusted for age, sex, and ethnicity; a partially-adjusted model

further adjusted for Townsend deprivation index and education

degree; a fully-adjusted model further adjusted for healthy diet,

current smoking status, alcohol consumption, and BMI. In later

analyses, we extracted subsets of participants with information

on secondary outcomes and re-fitted the models above.

To investigate modification effects of other confounding

factors on the accumulative association of CMDs number with

depression, stratified analyses were conducted according to sex

(male or female), age (<60 or ≥60 years), ethnicity (white or

others), education (college and higher or others), Townsend

deprivation index (≤0 or >0), BMI (<30 or ≥30), current

smoking (yes or no), alcohol consumption frequency (≤2/week

or >2/week), and healthy diet score (0 or 1).

Moreover, to test the robustness of the results, we performed

several sensitivity analyses. Firstly, because participants who

engaged in physical exercise were less likely to develop

depression (16), we further adjusted for physical activity in

the full-adjusted models. Physical activity was dichotomized

according to whether a person met the 2017 UK Physical activity

guidelines of 150min of walking or moderate activity or 75min

of vigorous activity per week (17). Secondly, we broadened

the definition of depression by adding a measurement of

help-seeking. Participants who had ever seen a psychiatrist

for nerves, anxiety, tension, or depression were thought

to fulfill this criterion. Thirdly, we widened the definition

of depression phenotypes by including the measurement of

two-item Patient Health Questionnaire (PHQ-2) (18). At

recruitment, participants were asked the frequency of depressed

mood and unenthusiasm/disinterest in last 2 weeks. For the two

questions, they could select the following answers: “Prefer not

to answer/Do not know” (considered having miss information),

“Not at all” (scored 0), “Several days” (scored 1), “More than

half the days” (scored 2), or “Nearly every day” (scored 3).

Participants who had a combined score of ≥3 were considered

with probable current depression. Fourthly, as participants

with different levels of education may pay attention to health

variously, we assessed education as a more fine-grained ordinal

variable: college/University/other professional qualification; A-

levels/AS-levels; O-levels/GCSEs; CSEs; NVQ/HND/HNC.

We performed all analyses using R software version

4.1.0. The results derived from logistic regression models are

presented as odds ratio (OR) and 95% confidence interval (CI).

All P values in our analyses were two-sided, and the difference

was considered statistically significant when P values < 0.05.

Results

Baseline patients’ characteristics

Finally, 391,083 participants were involved in our study,

with a mean age of 56.16 years (SD = 8.07). Among them,

176,893 (45.2%) were male, 371,252 (94.9%) were white, and

225,407 (57.6%) had a college-equal degree. 273,803 (70.0%)

participants were free of CMDs, and 91,254 (23.3%), 22,107

(5.7%), and 3,919 (1.0%) suffered from 1, 2, and ≥3 conditions,

respectively. In terms of depression, 59,182 (15.1%) participants

met our definition and 25,098 (6.4%) used antidepressant. The
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distribution of population characteristics across number of

CMDs is shown in Table 1. Overall, along with the increasing

number of conditions, patients were more likely to be older,

male, non-white, more deprived, current-smoking, have a lower

education degree, higher BMI, and lower alcohol consumption.

The proportion of depression and antidepressant use also

increased according to disease number. The descriptive statistics

according to specific patterns of CMDs are presented in

Supplementary Table 3, with a similar tendency observed.

Association between CMDs and
depression

The association between CMD number and the risk of

depression is shown in Table 2. In the base model, CMDs were

associated with a higher risk of depression (all P < 0.001), and a

significant, accumulative dose-related relationship between the

number of CMDs and depression was observed (OR 1.36, 95%

CI 1.34–1.38, P < 0.001). The associations remained significant

after adjustments for other covariates. In full-adjusted models,

the ORs for depression increased from 1.26 of 1 disease to 2.13

of≥3 diseases, and the accumulative effect of CMD number was

attenuated but remained significant (OR 1.25, 95% CI 1.24–1.27,

P < 0.001).

We also analyzed the associations between CMD patterns

and depression (seen in Supplementary Table 4). Compared

with the reference group, participants with CMDs of different

patterns had a higher risk of depression, and patterns with more

CMDs were associated with increased risks of depression. For

example, TheORs increased from 1.36 (CADonly) to 1.51 (CAD

+ hypertension) to 1.95 (CAD+ hypertension+ diabetes) in the

full-adjusted model.

Association between CMDs and probable
lifetime depression

The associations between CMDnumber and the risk of three

probable lifetime depressive disorders defined by Smith et al.

(14) are presented in Table 3. Except for the association between

2 CMDs and single episode of probable major depression,

the existence of CMDs was significantly associated with a

higher risk for each secondary outcome, irrespective of the

adjustments for covariates in models of three settings. The

dose-dependent accumulative relationship was significant for

all probable lifetime depression, and seemed to be stronger

for recurrent and severe depressive disorder [full-adjusted OR

1.10, 95% CI 1.06–1.14, P < 0.001 for single episode of major

depression, and full-adjusted OR 1.21, 95% CI 1.16–1.25, P <

0.001 for the recurrent major depressive disorder (severe)].

Then we analyzed the associations between CMD

patterns and secondary outcomes of depression (seen in

Supplementary Table 5). Consistent with the results above,

the CMD-related risk of secondary outcomes was stronger

among patients with concurrent CMDs and for recurrent and

severe phenotypes. For patients with concurrent hypertension,

diabetes, and CAD, the OR for the recurrent, severe major

depressive disorder was 1.89 (95% CI 1.48–2.40, P < 0.001).

Stratified analyses and sensitivity analyses

As shown in Figure 1, we performed stratified analyses

according to potential modifying factors. The accumulative dose

effect existed in all subgroups stratified by sex, age, ethnicity,

education, Townsend deprivation index, smoking status, alcohol

consumption frequency, and healthy diet, and was stronger

among participants who were male (Pinteraction < 0.001),

younger (Pinteraction < 0.001), more deprived (Pinteraction =

0.011), consumed alcohol ≤2 times/week (Pinteraction = 0.015),

and had an unadvisable diet (Pinteraction = 0.021). No significant

differences were found in ethnicity, education, BMI, and current

smoking status (all Pinteraction > 0.05).

Sensitivity analyses showed no substantial change in the

association between depression and CMD number or patterns

when we added physical activity as a covariate into the full-

adjusted model (seen Supplementary Table 6), widened the

definition of depression by adding a measurement of help-

seeking or PHQ-2 (seen Supplementary Tables 7, 8), or adjusted

education into a more fine-grained ordinal variable (seen

Supplementary Table 9).

Discussion

Findings and comparison with previous
researches

In this cross-sectional study, we found that compared with

people free of CMDs, patients with CMDs were at a higher risk

of depression disorder, and a dose-dependently accumulative

relationship of CMDs with depression existed after adjustments

for potential confounders. The accumulative association was

stronger for recurrent and severe depression phenotype and

weremodified by age, sex, Townsend deprivation score, diet, and

alcohol consumption.

Our results that patients of CMDs had a higher risk for

depression were supported by previous studies. According

to researches based on individual CMD, depression was

common in survivors of acute myocardial infarction (19),

and up to two-thirds of patients develop depression after

MI (20), and about one in five adults with type 2 diabetes

present depression (21). And researches exploring association
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TABLE 1 Population characteristics according to number of CMDs.

Characteristics 0 1 2 ≥3*

Participants, n (%) 273,803 (70.0%) 91,254 (23.3%) 22,107 (5.7%) 3,919 (1.0%)

Age (years), mean (SD) 54.84 (8.03) 58.70 (7.38) 60.88 (6.65) 62.17 (6.05)

Male, n (%) 114,768 (41.9) 44,861 (49.2) 14,389 (65.1) 2,875 (73.4)

White ethnicity, n (%) 261,198 (95.4) 86,212 (94.5) 20,369 (92.1) 3,473 (88.6)

Townsend deprivation index, mean (SD) −1.63 (2.89) −1.52 (2.98) −1.16 (3.16) −0.57 (3.40)

College and higher degree #, n (%) 161,285 (58.9) 50,450 (55.3) 11,728 (53.1) 1,944 (49.6)

Healthy diet, n (%) 153,836 (56.2) 52,632 (57.7) 12,696 (57.4) 2,208 (56.3)

Current smoking, n (%) 26,193 (9.6) 7,819 (8.6) 2,084 (9.4) 441 (11.3)

Alcohol consumption frequency (times/week) ≥3, n (%) 127,628 (46.6) 43,119 (47.3) 9,156 (41.4) 1,325 (33.8)

Body mass index (kg/m2), mean (SD) 26.38 (4.26) 28.68 (5.01) 30.22 (5.56) 31.29 (5.66)

Depression disorder, n (%) 38,705 (14.1) 15,436 (16.9) 4,097 (18.5) 944 (24.1)

Antidepressant use, n (%) 15,212 (5.6) 7,172 (7.9) 2,177 (9.8) 537 (13.7)

CMDs means cardiometabolic diseases.
*CMD number≥3: since the small sample size of patients with concurrent 4 CMDs (n= 283), conditions of 3 and 4 CMDs were analyzed in combination as CMD number ≥3.

#College and higher degree included college or university degree and other professional qualifications such as nursing and teaching.

TABLE 2 The association between CMD number and depression §.

CMD numbers Base model * Partially-adjusted model # Full-adjusted model &

OR 95% CI P OR 95% CI P OR 95% CI P

1 1.37 (1.34; 1.39) <0.001 1.35 (1.32; 1.38) <0.001 1.26 (1.23; 1.29) <0.001

2 1.76 (1.70; 1.83) <0.001 1.70 (1.64; 1.77) <0.001 1.50 (1.44; 1.56) <0.001

≥3 2.66 (2.46; 2.87) <0.001 2.50 (2.32; 2.70) <0.001 2.13 (1.97; 2.30) <0.001

Accumulative dose effect 1.36 (1.34; 1.38) <0.001 1.34 (1.32; 1.36) <0.001 1.25 (1.24; 1.27) <0.001

CMDmeans cardiometabolic diseases; OR means odds ratio; 95% CI means 95% confidence interval.

§Reference group: participants free of CMDs (except for the accumulative dose effects of CMD number).
*Base model: Adjusted for age, sex, and ethnicity.

#Partially-adjusted model: Further adjusted for Townsend deprivation score, and education degree.

&Full-adjusted model: Further adjusted for healthy diet, current smoking status, alcohol consumption, and body mass index.

of cardiometabolic multimorbidity and depression also

demonstrated that cardiometabolic multimorbidity are related

to depression (22, 23). However, these researches didn’t

concentrate on the accumulative effects of concurrent CMDs.

Considering the increasing prevalence of cardiometabolic

multimorbidity, we assessed the associations of CMD number

and specific patterns with the risk of depression and observed

significant dose-dependent accumulative effects of CMD

number on depression.

In terms of the accumulative effects of cardiometabolic

multimorbidity, existing evidence suggested that it was

associated with worse functional status, declining cognitive

function, and poor prognosis (24, 25). According to The

Emerging Risk Factors Collaboration’s findings, a history

of cardiometabolic multimorbidity was associated with a

cumulatively increased risk of all-cause mortality. Compared

with those without CMDs, patients with 3 conditions had

nearly 7 times higher risk of death (24). Our results extended

the detrimental effects of concurrent CMDs to psychological

outcomes, shedding light on the necessity of mental intervention

for patients with concurrent CMDs. Even though in the current

study, we have to admit the heterogenicity across different CMD

patterns, the analyses of additive effects based on CMD numbers

describe an intuitive phenomenon that the risk of depression

increases along with the occurrences of new-onset CMDs,

irrespective of original disease conditions, which might be

more readily comprehensible for policymakers, clinicians, and

patients. And the pattern-specific associations with depression

risk provide complementary information.

By now, the Mental Health Questionnaire (MHQ)

derivation of lifetime depression is the gold-standard for

depression phenotyping (13). However, participants didn’t

complete the MHQ at the time of baseline assessment, and

only a subset of 157 366 participants completed it in 2017

(26). Previous studies of the UK biobank adopted various

diagnostic criteria for depression. Some used single criterion
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TABLE 3 The association between CMD number and probable lifetime depression §.

Secondary outcomes CMD number Base model * Partially-adjusted model # Full-adjusted model &

OR 95% CI P OR 95% CI P OR 95% CI P

Single episode ¶ 1 1.18 (1.12; 1.25) <0.001 1.18 (1.12; 1.25) <0.001 1.14 (1.08; 1.20) <0.001

2 1.19 (1.08; 1.32) 0.001 1.18 (1.07; 1.31) 0.001 1.09 (0.98; 1.21) 0.099

≥3 1.54 (1.24; 1.91) <0.001 1.51 (1.22; 1.87) <0.001 1.36 (1.09; 1.69) 0.006

Accumulative dose effect 1.14 (1.10; 1.18) <0.001 1.14 (1.10; 1.18) <0.001 1.10 (1.06; 1.14) <0.001

Recurrent moderate※ 1 1.23 (1.18; 1.29) <0.001 1.22 (1.17; 1.28) <0.001 1.15 (1.10; 1.20) <0.001

2 1.38 (1.27; 1.50) <0.001 1.35 (1.24; 1.46) <0.001 1.22 (1.12; 1.32) <0.001

≥3 1.80 (1.52; 2.13) <0.001 1.72 (1.46; 2.04) <0.001 1.50 (1.27; 1.78) <0.001

Accumulative dose effect 1.21 (1.17; 1.24) <0.001 1.20 (1.16; 1.23) <0.001 1.13 (1.10; 1.17) <0.001

Recurrent severe $ 1 1.33 (1.26; 1.41) <0.001 1.30 (1.23; 1.38) <0.001 1.25 (1.18; 1.33) <0.001

2 1.51 (1.37; 1.67) <0.001 1.43 (1.29; 1.58) <0.001 1.33 (1.20; 1.48) <0.001

≥3 2.46 (2.05; 2.96) <0.001 2.22 (1.84; 2.67) <0.001 1.99 (1.65; 2.40) <0.001

Accumulative dose effect 1.30 (1.25; 1.34) <0.001 1.26 (1.22; 1.31) <0.001 1.21 (1.16; 1.25) <0.001

CMDmeans cardiometabolic diseases; OR means odds ratio; 95% CI means 95% confidence interval.

§Reference group: participants free of CMDs (except for the accumulative dose effects of CMD number).
*Base model: Adjusted for age, sex, and ethnicity.

#Partially-adjusted model: Further adjusted for Townsend deprivation score, and education degree.

&Full-adjusted model: Further adjusted for healthy diet, current smoking status, alcohol consumption, and body mass index.

¶Single episode: Probable lifetime (single) episode of major depression.

>Recurrent moderate: Probable recurrent major depressive disorder (moderate).

$Recurrent severe: Probable recurrent major depressive disorder (severe).

such as the study by Khandaker GM et al. (6) using Patient

Health Questionnaire (PHQ)-9 (27) and the study by Davidson

KW et al. using Patient Health Questionnaire-2 (PHQ-2)

(28). Some adopted multiple measures such as the study by

McIntosh AM et al. (25) including broad depression phenotype,

probable major depressive disorder (MDD) phenotype, and

ICD-coded MDD phenotype (29). Here we adopted definitions

from Glanville et al. (13) and aggregated information on

self-reported history, medication, mental-health questionnaires,

and ICD-10 records to identify depression. Due to the different

diagnostic criteria for depression, more researches need to be

done to confirm our conclusions. Given this, we widened the

definition of depression by adding criteria of “help-seeking for

a psychiatrist” or PHQ-2 in two sensitivity analyses respectively

to test our findings. And we also utilized the criteria defined

by Smith et al. (14) and estimated the accumulative association

of CMDs with depression phenotypes of different frequency

and severity.

There are several possible explanations for the accumulative

associations between cardiometabolic multimorbidity and

depression risk. First, CMDs share similar and overlapping

etiology, risk factors, and metabolic disorders. Patients with

CMDs are usually obsessed by the chronic disease course,

declined physical function, and dependence on social supports,

and they are prone to suffer from negative emotional burdens

such as worry, frustration, and burnout (21, 30), which

might accumulate along with the coexistence of CMDs

(31). Second, multimorbidity and related polypharmacy are

associated with poor health outcomes, high readmission

rate, and a heavy financial burden (32), which contributes

to the psychological stress of patients suffering from

cardiometabolic multimorbidity. In addition, the common

risk factors shared by CMDs and depression might contribute

to the accumulative association between CMD number and

depression. According to our findings and previous evidence

(33), patients with CMDs are more likely to have unhealthy

lifestyles including smoking, excessive alcohol consumption,

unhealthy diet, and sedentariness, which are also risk factors of

depression (34).

Furthermore, in subgroup analyses stratified by

confounding factors, we observed stronger CMD-related

dose effects among people who were male, younger, more

deprived, who consumed less alcohol, and who had an

unadvisable diet. The differences in the association between

CMD status and depression disorder among subgroups might

be attributed to the features of certain subgroups. For instance,

subgroups of female (35) or excessive consumption of alcohol

(36), are at an internally higher risk of depression, and the

CMD-related effects might be diluted, leading to a relatively

stronger association observed for subgroups of male and low

alcohol consumption. And for young people or people who

had a lower socioeconomic status, suffering from CMDs means
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FIGURE 1

Accumulative association between CMD number and risk of depression stratified by potential risk factors. The ORs for the risk of depression

were derived from logistic regression models. Results were adjusted for age, sex, ethnicity, Townsend deprivation index, education degree,

healthy diet, current smoking status, alcohol consumption, and body mass index conditionally. CMD means cardiometabolic disease, OR means

odd ratio, 95% CI means 95% confidence interval.

lower life quality, poorer prognosis, and heavier economic

burden, which could contribute to greater psychological stress

and a higher risk of depression. In addition, since the results

of subgroup analyses are tentative, it needs to be cautious to

interpret the differences in the associations observed among

subgroups, and further researches are needed to verify the

potential discrepancies in terms of age, sex, socioeconomic

status, lifestyle, etc.

The major discovery of this study is the accumulative

effects of CMDs count on depression. According to our results,

patients with cardiometabolic multimorbidity were more prone

to suffer from depressive disorder, especially recurrent and

severe symptoms. Our findings highlight the importance of

awareness of depression in patients with CMDs, especially

those with more than one condition. Considering the worse

clinical prognosis of the comorbidity of depression and CMDs

(37), integrated biopsychosocial management is necessary when

people are diagnosed with CMDs (38). Besides the comorbidity

of CMDs, more multimorbidity of chronic physical health

disorders is rising as people live longer and access to medical

support is easier. It’s of high social value to pay attention to

accumulative effect for we can take effective measures in advance

to prevent and treat diseases.

Strengths and limitations

Our study has several strengths. Firstly, the large scale of

UK Biobank enabled us to conduct analyses according to the

number and specific patterns of CMDs based on adequate

sample size and to test for potential accumulative effects of

coexistence of ≥2 conditions. Secondly, utilizing information

in the self-reported medical history of diagnoses, medication,

and operation, and inpatient health-related records of diagnoses

and operations, our definitions of CMDs were refined,

mitigating the misclassification of patients with CMDs. Thirdly,

for the assessment of depression disorder, we aggregated 4

measurements including the self-reported history of depression,

antidepressant use, inpatient diagnoses coded by ICD-10,

and depression defined by Smith et al. (14) derived from

questionnaires at recruitment. In further analyses for secondary

outcomes, we enrolled 3 ordered phenotypes of depression

disorder according to the recurrence and severity of symptoms,

and we found that CMD-related increase was stronger for

recurrent and severe phenotypes, enriching the dimension of

our results.

However, this study has limitations. Firstly, participants of

the UK biobank are mostly white, limiting the generalizability
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of our results to other ethnicities and countries. And evidence

suggested that they were not representative of the sampling

population, with a “healthy volunteer” selection bias (39).

Secondly, as a cross-sectional study, this research cannot

establish a causal relationship between CMD and depression,

since both causation and reverse causation are plausible. Patients

with CMDs may get depressive for the burden of incurable

chronic diseases, and people with depression are less likely

to engage in healthy lifestyles and ask for medical help

that protects against CMDs (40). Thirdly, in our models, all

effect sizes attenuated to some extent from the base models

after adjustments for factors such as deprivation, education,

and lifestyles, indicating the confounding effects of covariates

involved. Even though we have performed several sensitivity

analyses to test the robustness of our findings, there are residual

confounders remained, which might introduce deviations to

our results.

Conclusion

Overall, the existence of CMDs were dose-dependently and

accumulatively associated with an increased risk of depression

disorder. Our findings extended the deleterious effects of

concurrent CMDs to psychological outcomes, and further

prospective researches are necessary to prove our results.
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