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A B S T R A C T   

Objective: We aimed to investigate the individual and combined associations of depression and low socioeco-
nomic status (SES) with risk of major cardiovascular events (MCVE), defined as first-ever fatal or non-fatal stroke 
or myocardial infarction, in a large prospective cohort study. 
Methods: We used data from 466,238 UK Biobank participants, aged 40–69 years without cardiovascular disease, 
bipolar disorder or schizophrenia at baseline. We performed Cox proportional hazard models to estimate 
adjusted hazard ratios (HR) and 95% confidence intervals (CI) for the individual and combined associations of 
depression and each of educational attainment, area-based deprivation and income with risk of MCVE. We 
assessed effect modification and explored interaction on the additive and multiplicative scale. 
Results: Depression, low education, high area-based deprivation and low income were individually associated 
with increased risks of MCVE (adjusted HR, 95% CI: 1.28, 1.19–1.38; 1.20, 1.14–1.27; 1.17, 1.11–1.23; and 1.22, 
1.16–1.29, respectively). Depression was associated with increased risks of MCVE among individuals with high 
and low SES. Individuals with depression and each of low education, high area-based deprivation and low in-
come were at particularly high risk of MCVE (HR, 95% CI: 1.50, 1.38–1.63; 1.63, 1.46–1.82; 1.31, 1.23–1.40, 
respectively). There was interaction between depression and area-based deprivation on multiplicative and ad-
ditive scales but no interaction with education or income. 
Conclusion: Depression was associated with increased risks of MCVE among individuals with high and low SES, 
with particularly high risks among those living in areas of high deprivation.   

1. Introduction 

Depression and low socioeconomic status (SES) are both associated 
with increased risks of physical diseases, such as myocardial infarction 
(MI) and stroke [1–6]. Furthermore, individuals with a low SES are 
disproportionally affected by mental-physical comorbidity from early 
adulthood onwards [7,8] with depression being the most common 
mental health condition [9]. It has been hypothesized that individuals 
with a low SES are exposed to more adversity whilst having fewer re-
sources to cope with these stressors [10,11]. Thus, individuals with a 
low SES may be particularly vulnerable to the adverse effects of 
depression on risk of major cardiovascular events (MCVE). 

There is growing evidence that the association between depression 
and all-cause and cardiovascular mortality is more pronounced among 
individuals with low SES [11,12]. Less information is available on the 
association between depression and incident cardiovascular disease 
(CVD), with existing studies providing inconsistent results. Whilst some 

studies have shown that individuals with a low SES might be more 
vulnerable to the adverse effects of depression than those with a high 
SES for one or both of MI and stroke [13–16], other studies have re-
ported that individuals with a high SES may be more vulnerable [17], or 
have not observed any differences between groups [18–21]. Potential 
reasons for the conflicting findings are the use of different indicators of 
SES, the use of different methodological approaches to investigate effect 
modification and/or interaction, and differences in the study pop-
ulations. The inconsistent effects of different SES measures is high-
lighted by a US-based study on the association between depression and 
incident coronary heart disease or revascularization that reported effect 
modification by income but not education [14]. 

Due to the inconsistent findings and methodological shortcomings of 
existing studies, a recent paper highlighted the need for further studies 
investigating the individual and combined effect of depression and SES 
on incidence of cardiovascular events [22]. Advancing our under-
standing of the relationship between depression, SES and risk of MCVE 
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might allow the identification of individuals that are particularly 
vulnerable to the adverse effects of depression which in turn might aid 
tailoring of resources and preventive measures. Furthermore, it might 
help inform our understanding of the underlying mechanisms of the 
association between depression and MCVE. Thus, we aimed to investi-
gate the individual and combined associations of depression and 
different measures of SES with risk of MCVE in a large prospective 
cohort study in the United Kingdom. 

2. Methods 

2.1. Study population 

The UK Biobank is a prospective cohort study of ~500,000 partici-
pants who were recruited in England, Scotland, and Wales from 2006 to 
2010. Participants were aged 40–69 years at baseline. We excluded 
participants who withdrew from the study, whose information could not 
be linked to hospital or death records, and who had a history of CVD 
(defined as stroke, MI, angina or transient ischaemic attack). In addition, 
we excluded participants with bipolar disorder or schizophrenia at 
baseline to avoid confounding by these additional severe mental ill-
nesses. Participants were followed up through linkage to routinely 
collected health and death records [23]. Analyses of UK Biobank data 
are conducted under generic approval from the NHS National Research 
Ethics Service (Ref 11/NW/0382, approval letter dated 17 June 2011). 
Full written informed consent was obtained from participants at the 
point of data collection. 

2.2. Exposure 

We defined depression as at least one of: self-report of depression or 
antidepressant use; or hospital record of depression at baseline. We 
identified self-reported antidepressant use and self-reported doctor- 
diagnosis of depression (past or current) through information obtained 
in the nurse interview at baseline. Antidepressant use was defined as 
self-reported regular use of at least one prescribed antidepressant 
medication in keeping with the list described by Martin et al. [24] and 
provided in Supplementary material A. We identified a hospital record 
of depression using ICD 10 codes F32 – F33 with data available from 
years 1996, 1997 and 1999 onwards for Scotland, England, and Wales, 
respectively. Since there was no indication on a lack of response from 
participants in the nurse interview, depression was defined as absent if 
none of the depression measures was recorded in the baseline data. 

We used educational attainment, area-based deprivation and income 
as measures of SES, all of which were treated as binary variables based 
on information collected in a touchscreen questionnaire at baseline. In 
keeping with a previous paper using data from the UK Biobank [25], we 
defined educational attainment as high and low based on the presence or 
absence of a university or college degree, respectively. Income was 
treated as low if the annual household income was less than £31,000 or 
high if the annual household income was greater or equal to £31,000, 
which was close to the median disposable household income in the UK in 
2020 [26]. Area-based deprivation was defined using the Townsend 
index [27]. A score of 0 represented an area in the United Kingdom with 
average area-based deprivation. We defined areas with high deprivation 
as those with positive scores and areas with low deprivation as those 
with negative scores. 

2.3. Outcome 

MCVE were defined as first-ever fatal or non-fatal stroke or MI, 
whichever occurred first. We used linkage to hospital inpatient and 
death records to identify fatal and non-fatal stroke and MI during follow- 
up [28]. We defined stroke using ICD 10 codes I60, I61, I63 and I64 and 
MI using I21, I22, I24.1 and I25.2. Survival times were calculated from 
the date of attending the baseline assessment centre to the date of first- 

ever MCVE, date of death, or end of follow-up (31 March 2015). 

2.4. Covariates 

Covariates were chosen a priori and included age, sex, ethnicity, 
body mass index, smoking, alcohol intake, physical activity, fruit and 
vegetable intake, oily fish intake, hypertension, diabetes, high choles-
terol, family history of CVD, and family history of severe depression. 
Information on these variables were ascertained through self-report in 
the touchscreen questionnaire and nurse interview and, where available, 
through measured values at baseline or hospital records prior to baseline 
of the study (Supplementary material B). 

2.5. Statistical analysis 

We performed analyses using R version 4.0.0. We compared baseline 
characteristics of participants with and without MCVE during follow-up. 
We used Cox proportional hazards models to estimate hazard ratios (HR) 
and 95% confidence intervals (CI) of the individual and combined as-
sociations of depression and each SES measure on the risk of MCVE. 
Individual associations were assessed in an unadjusted model, a model 
that was adjusted for age, sex and ethnicity, and a third model that 
additionally controlled for body mass index, alcohol intake, physical 
activity, smoking, fruit and vegetable consumption, oily fish intake, 
history of hypertension, diabetes, and high cholesterol levels, and family 
history of CVD or depression. We then assessed the combined associa-
tion of depression and each SES measure on risk of MCVE in the fully 
adjusted model. We performed pre-specified sex-stratified analyses to 
evaluate differences between men and women. We tested the propor-
tional hazards assumption for all variables using the cox.zph function, 
and investigated potential violations using log-minus-log survival plots 
and plots of scaled Schoenfeld residuals against time. The proportional 
hazards assumption was met for all variables. 

As recommended by Sullivan and Vaccarino [22], we tested for effect 
modification, additive and multiplicative interaction. Following estab-
lished reporting guidelines for these measures [29], we describe the 
individual and combined associations of the two exposures with the 
outcome of interest using a single reference category, the effect esti-
mates of one exposure across strata of the second exposure, and mea-
sures of additive and multiplicative interaction including their 
corresponding CIs. The effect modification and interaction analyses 
were performed in keeping with the code of the interactionR package 
[30]. Accompanying 95% CIs were calculated using the delta method 
[31]. We investigated for additive (i.e. biological) interaction by 
calculating the relative excess risk due to interaction (RERI). Multipli-
cative interaction was investgated by adding a product term of depres-
sion and each SES measure to the fully adjusted Cox proportional 
hazards model. We considered a two-sided p < 0.05 statistically 
significant. 

We determined a a violation of the missing completely at random 
(MCAR) assumption since there were differences between participants 
with and without complete data (Supplementary material C). Due to the 
large number of included variables, 143,368 (30.7%) participants had at 
least one missing value in any variable. Since a missing at random 
mechanism was deemed likely, multiple imputation of missing data was 
performed using the MICE package in R [32]. The imputation model 
included all variables that were included in our fully adjusted models. In 
keeping with the recommendation that the number of imputations 
should be similar to the percentage of incomplete cases [33] and because 
our approach to imputation produced an even number of datasets, we 
performed 32 imputations with 10 iterations. When interaction effects 
are being investigated, the approach to imputation has to take this into 
account. Thus, we imputed data separately for participants with and 
without depression and combined the imputed datasets. Since results of 
complete cases analyses are potentially biased when data are not MCAR, 
we present results based on imputed data, with results of the complete 
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case analysis provided in Supplementary material D. The results of the 
complete case analysis were in keeping with results based on imputed 
data. 

2.6. Sensitivity analysis 

First, since existing studies reported varying results for different 
components of our primary outcome [15,16], we repeated the analysis 
for stroke and MI separately. Second, since competing risks during 
follow-up may have introduced bias, we investigated to what extent 
deaths from causes other than stroke and MI might affect associations 
between depression and MCVE by running a competing risk analysis. 

3. Results 

3.1. Descriptive statistics 

After excluding people with CVD, schizophrenia or bipolar disorder 
at baseline, we included 466,238 people with a median age of 57 years 
(IQR: 50–63 years) in our analysis (Fig. 1). Of these, 205,902 (44.2%) 
were male, 40,649 (8.7%) were categorised as having depression, 
303,605 (65.1%) had low educational attainment, 131,037 (28.1%) 
lived in areas with high deprivation, and 184,786 (39.6%) had low in-
come at baseline. Information on educational attainment, area-based 
deprivation and income was missing for 9146 (2.0%), 576 (0.1%), and 
70,182 (15.1%) participants, respectively. 

There were 7675 fatal or non-fatal MCVE during a median of 6.1 
(IQR: 5.4–6.8) years of follow-up (Table 1). At baseline, the prevalence 
of depression, low educational attainment, high area-based deprivation 
and low income was higher among those with MCVE than among those 
with no events during follow-up. Furthermore, the prevalence of adverse 
lifestyle factors and comorbidities associated with cardiovascular dis-
ease was generally higher among the group with MCVE during follow- 
up. The proportion of participants with a family history of CVD and 
depression was similar among those with and without events. The pro-
portion with MCVE was lowest among individuals without depression 
and each of high education, low area-based deprivation and high income 
(Table 3). 

Fig. 1. Flow diagram of UK Biobank sample selection.  

Table 1 
Baseline characteristics for UK Biobank participants with and without incident 
major cardiovascular eventsa during follow-up.   

No major cardiovascular 
event (n = 458,563) 

Major cardiovascular 
event (n = 7675) 

Men 200,871 (43.8) 5031 (65.6) 
Age (median [IQR]) 57.0 [50.0, 63.0] 62.0 [56.0, 66.0] 
Ethnicity   

White 431,522 (94.1) 7261 (94.6) 
Other 24,572 (5.4) 354 (4.6) 
Missing value 2469 (0.5) 60 (0.8) 

Highest educational 
attainment   
College or university 
degree 

151,642 (33.1) 1845 (24.0) 

No college or 
university degree 

298,023 (65.0) 5582 (72.7) 

Missing value 8898 (1.9) 248 (3.2) 
Area-based deprivation   

Less than UK average 329,422 (71.8) 5203 (67.8) 
More than UK 
average 

128,573 (28.0) 2464 (32.1) 

Missing value 568 (0.1) 8 (0.1) 
Income in £   
≥ 31,000 208,806 (45.5) 2464 (32.1) 
< 31,000 180,919 (39.5) 3867 (50.4) 
Missing value 68,838 (15.0) 1344 (17.5) 

Body mass index (kg/ 
m2)   
Underweight (<18.5) 2467 (0.5) 38 (0.5) 
Normal weight 
(18.5–24.9) 

153,703 (33.5) 1858 (24.2) 

Overweight 
(25–29.9) 

193,368 (42.2) 3411 (44.4) 

Obese (30–34.9) 76,719 (16.7) 1644 (21.4) 
Severely obese 
(35–39.9) 

21,488 (4.7) 447 (5.8) 

Morbidly obese 
(≥40) 

8234 (1.8) 190 (2.5) 

Missing value 2584 (0.6) 87 (1.1) 
Physical activity   

High 162,050 (35.3) 2600 (33.9) 
Moderate 178,961 (39.0) 2815 (36.7) 
Low 97,510 (21.3) 1824 (23.8) 
Missing value 20,042 (4.4) 436 (5.7) 

Alcohol intake   
Safe drinking 202,869 (44.2) 3073 (40.0) 
Risky drinking 183,253 (40.0) 3190 (41.6) 
Missing value 72,441 (15.8) 1412 (18.4) 

Smoking status   
Never 255,965 (55.8) 3263 (42.5) 
Previous 153,661 (33.5) 2851 (37.1) 
Current 46,396 (10.1) 1499 (19.5) 
Missing value 2541 (0.6) 62 (0.8) 

Fruit and vegetable 
intake per day   
At least five a day 255,965 (55.8) 3263 (42.5) 
Less than five a day 153,661 (33.5) 2851 (37.1) 
Missing value 46,396 (10.1) 1499 (19.5) 

Oily fish intake   
At least once a week 252,906 (55.2) 4120 (53.7) 
Less than once a 
week 

152,346 (33.2) 2499 (32.6) 

Never 49,752 (10.8) 967 (12.6) 
Missing value 3559 (0.8) 89 (1.2) 

Depression 39,843 (8.7) 806 (10.5) 
Hypertension 247,317 (53.9) 5872 (76.5) 
Diabetes 19,808 (4.3) 771 (10.0) 
High cholesterol levels 67,040 (14.6) 1902 (24.8) 
Family history of CVD 315,569 (68.8) 5291 (68.9) 
Family history of 

depression 
40,681 (8.9) 621 (8.1) 

Data are number (%) unless otherwise indicated. 
CVD: Cardiovascular disease; IQR: Interquartile range; UK: United Kingdom. 

a Defined as first-ever fatal or non-fatal stroke or myocardial infarction. 
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3.2. Individual associations of depression and SES measures with risk of 
MCVEs 

Each of depression, low education, high area-based deprivation and 
low income were individually associated with increased risks of MCVE 
in unadjusted, partially adjusted and fully adjusted models (Table 2). 
The associations attenuated but remained statistically significant after 
adjusting for various factors. After adjustment for all covariates (Model 
3), depression was associated with a 28% increased risk of MCVE (HR, 
95% CI: 1.28, 1.19–1.38), and low education, high area-based depri-
vation and low income were associated with 20%, 17% and 23% 
increased risks of MCVE, respectively (HR, 95% CI: 1.20, 1.14–1.27; 
1.17, 1.11–1.23; and 1.22, 1.16–1.29, respectively). Mutual adjustment 
for depression and each of education, deprivation and income changed 
the effect estimates marginally. 

3.3. Combined associations of depression and SES measures with risk of 
MCVEs 

Irrespective of the SES measure used, depression was associated with 
increased risk of MCVE in low and high SES categories, and low SES was 
associated with increased risks of MCVE among people with and without 
depression (Table 3). Whilst the risk of MCVE associated with depression 
was similar among people with low and high education (HR, 95% CI: 
1.28, 1.17–1.39 and 1.23, 1.05–1.45, respectively) and people with low 
and high income (HR, 95% CI: 1.26, 1.15–1.37 and 1.18, 1.01–1.39, 
respectively), the risk of MCVE among people with depression was 
higher in individuals living in areas of high deprivation than in people 
living in areas with low deprivation (HR, 95% CI: 1.42, 1.27–1.60 and 
1.14, 1.04–1.26, respectively). 

Depression alone, low socioeconomic status alone and combined 
depression and low socioeconomic status were associated with greater 
risks of MCVE compared to those with no depression and high SES, 
irrespective of the SES measure used (Table 3). For each socioeconomic 
measure the associations followed similar patterns, with similar risks of 
MCVE among those with depression alone and low SES alone and 
highest effect estimates for those with both depression and low SES, 
compared to those with no depression and high SES. The combined as-
sociations of depression and each of low education, high area-based 
deprivation, and low income on risk of MCVE were 1.50 (1.38–1.63), 
1.63 (1.46–1.82), and 1.31 (1.23–1.40), respectively, compared to those 
with no depression and high SES. 

3.4. Additive and multiplicative interaction 

There was multiplicative interaction between depression and area- 
based deprivation (p < 0.001), with the effect of depression signifi-
cantly stronger among those living in areas with high deprivation, but 
no multiplicative interaction for depression and either education or in-
come (p = 0.667 and p = 0.550, respectively) (Table 4). The estimated 

combined effects of depression and area-based deprivation exceeded the 
sum of the risk of depression alone and area-based deprivation alone, 
indicating evidence of interaction on the additive scale (RERI: 0.36, 95% 
CI: 0.15–0.56, p < 0.001). However, there was no evidence of additive 
interaction between depression and education (RERI: 0.07, 95% CI: 
− 0.15–0.29, p = 0.267) or depression and income (RERI: -0.09, 95% CI: 
− 0.29–0.11, p = 0.799). 

3.5. Sex-stratified analysis 

Each of depression, low education, high area-based deprivation, and 
low income were individually associated with risk of MCVE in men and 
women (Supplementary material E). The strength of the individual as-
sociation between each of low education and low income and risk of 
MCVE was similar for men and women, whereas the associations of 
depression and high area-based deprivation on risk of MCVE appeared 
stronger among women than men. However, formal tests for differences 
between men and women were not performed. There was no evidence of 
interaction between depression and each of education and income for 
men and women, whereas there was evidence of interaction between 
depression and area-based deprivation on the additive and multiplica-
tive scale for women but not for men. 

3.6. Sensitivity analyses 

Depression, low education, high area-based deprivation and low 
income were individually associated with increased risks of each of 
stroke and MI (Supplementary material F). Depression was generally 
associated with increased risks of stroke and MI among people with low 
and high SES, irrespective of the measure used. However, some esti-
mates were imprecise. Furthermore, those with depression and low SES 
were at highest risk of both stroke and MI, compared to people with no 
depression and high SES. In line with the findings of our primary anal-
ysis, we found additive interaction between depression and area-based 
deprivation, but not education and income, when we analysed MI and 
stroke separately. 

Each of depression, low education, high area-based deprivation and 
low income were individually associated with competing events defined 
as risk of death due to causes other than stroke or MI (Supplementary 
material G). Depression was associated with increased risk of competing 
events among those with low and high SES, irrespective of the SES 
measures used. Furthermore, those with combined depression and one 
of low education, high area-based deprivation and low income were at 
highest risk of the competing event, relative to those with no depression 
and high SES. There was no evidence for interaction between depression 
and any SES measure on the additive or multiplicative scale for these 
competing risks. 

Table 2 
Hazard ratios (95% CI) for the individual effects of depression and socioeconomic status on risk of major cardiovascular eventsa.   

Depression (yes vs no) Educational attainment (low vs high) Area-based deprivation (high vs low) Income (low vs high) 

Model 1 1.23 (1.14–1.32) 1.53 (1.45–1.61) 1.24 (1.18–1.30) 1.79 (1.70–1.88) 
Model 2b 1.48 (1.37–1.59) 1.40 (1.33–1.47) 1.35 (1.29–1.42) 1.40 (1.33–1.48) 
Model 3c 1.28 (1.19–1.38) 1.20 (1.14–1.27) 1.17 (1.11–1.23) 1.22 (1.16–1.29) 
+ depression ––– 1.20 (1.14–1.27) 1.16 (1.10–1.22) 1.21 (1.15–1.28) 
+ education 1.27 (1.18–1.37) ––– ––– ––– 
+ deprivation 1.27 (1.18–1.37) ––– ––– ––– 
+ income 1.25 (1.16–1.35) ––– ––– ––– 

Data are hazard ratios (95% confidence intervals). 
a Defined as first-ever fatal or non-fatal stroke or myocardial infarction. 
b Model 2: Adjusted for age, sex, ethnicity. 
c Model 3: Model 2 + body mass index, physical activity, alcohol intake, smoking, fruit and vegetable intake, oily fish intake, high cholesterol levels, hypertension, 

diabetes, family history of cardiovascular disease, and family history of depression. 
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4. Discussion 

In a large prospective cohort study in the United Kingdom, each of 
depression, low education, high area-based deprivation and low income 
were individually associated with risk of MCVE. Furthermore, depres-
sion was associated with increased risk of MCVE among people with low 
and high SES, irrespective of which measure of SES was used. People 
with depression and low SES were at particularly high risk of MCVE. 
Whilst we did not find any interaction between depression and either 
education or income, we did find interaction between depression and 
area-based deprivation on the additive and multiplicative scales that 
was more marked among women than men. Risk of competing events 
did not explain the observed associations. 

4.1. Strength and limitations 

Our study has a number of strengths. To our knowledge, this is the 
most comprehensive assessment of the individual and combined asso-
ciations of depression and SES on risk of MCVE using different measures 
of SES and following recommended reporting guidelines [29]. Due to the 
large sample size and number of MCVE in UK Biobank, we could pre-
cisely estimate the individual and combined associations of depression 
and different measures of SES on risk of MCVE. Furthermore, we were 
able to stratify our analysis by sex and adjust our effect estimates for 
various demographic and lifestyle factors due to the large amount of 
information collected at the UK Biobank baseline assessment. Since we 
used administrative health records to ascertain outcomes, we had 
limited loss to follow-up. 

Our study has some limitations. First, the low response rate of UK 
Biobank (5.5%) may have introduced bias. Whilst a study population 
that is composed of relatively healthy individuals from higher than 
average or median socioeconomic backgrounds has obvious implica-
tions for estimates of prevalence and incidence, it has been argued that 
selection does not influence associations between baseline characteris-
tics and health outcomes due to the large number of individuals with 
different levels of socioeconomic factors [34]. Second, whilst record 
linkage to hospital and death records offered many benefits, we will 
have missed people with non-fatal stroke or MI who were not admitted 
to hospital. This is largely relevant for mild stroke events that did not 
result in hospital admission [35]. Third, there was potential for 
misclassification of the exposure status of individuals at baseline. Whilst 
the use of information obtained in an extended questionnaire that was 
enriched for psychosocial questions would have been advantageous in 
some respect, the extended questionnaire was only completed by a 
subset of participants (n = 172,751) [36]. Due to our interest in inter-
action effects we decided to use depression measures that were available 
for all participants at baseline. Despite using self-report and hospital 
records to identify individuals with depression at baseline, depression 
may have been underreported at baseline which may have diluted our 
effect estimates. If underreporting was greater among participants with 

Table 3 
Numbers of events and hazard ratios (95% CI) for the combined association of depression and different measures of socioeconomic status on risk of major cardio-
vascular eventsa.   

Depression HRs (95%CI) for depression by strata of SES measure 

No Yes 

n/Nb HR (95%CI) n/Nb HR (95%CI) 

Educational attainment 
High 1319 / 113,841 (1.2%) ref. 

118 / 
8605 
(1.4%) 

1.23 
(1.05–1.45) 

1.23 
(1.05–1.45) 

Low 3176 / 182,836 (1.7%) 
1.20 
(1.13–1.27) 

340 / 17,588 
(1.9%) 

1.50 
(1.38–1.63) 

1.28 
(1.17–1.39) 

HRs (95%CI) for low education by depression 
status  

1.20 
(1.13–1.27)  

1.22 
(1.02–1.46)  

Area-based deprivation 

Low 3258 / 219,708 (1.5%) ref. 266 / 17,775 
(1.5%) 

1.14 
(1.04–1.26) 

1.14 
(1.04–1.26) 

High 1237 / 76,969 
(1.6%) 

1.13 
(1.07–1.19) 

192 / 
8418 
(2.3%) 

1.63 
(1.46–1.82) 

1.42 
(1.27–1.60) 

HRs (95%CI) for high deprivation by 
depression status  

1.13 
(1.07–1.19)  

1.46 
(1.26–1.69)  

Income 
High 1950 / 170,746 (1.1%) ref. 131 / 11,037 

(1.2%) 
1.18 
(1.01–1.39) 

1.18 
(1.01–1.39) 

Low 2545 / 125,931 (2.0%) 1.22 
(1.15–1.29) 

327 / 15,156 
(2.2%) 

1.31 
(1.23–1.40) 

1.26 
(1.15–1.37) 

HRs (95%CI) for low income by depression 
status  

1.22 
(1.15–1.29)  

1.25 
(1.04–1.50)  

Hazard ratios are adjusted for age, sex, ethnicity, body mass index, physical activity, alcohol intake, smoking, fruit and vegetable intake, oily fish intake, high 
cholesterol levels, hypertension, diabetes, family history of cardiovascular disease, and family history of depression. 
CI = confidence interval; HR = hazard ratio; SES = socioeconomic status. 

a Defined as first-ever fatal or non-fatal stroke or myocardial infarction. 
b Numbers are based on complete cases. 

Table 4 
Measures of additive and multiplicative interaction between depression and 
different measures of socioeconomic status on risk of major cardiovascular 
eventsa.   

Additive interaction 
(RERI, 95% CI, p- 
value) 

Multiplicative interaction (Ratio of 
HRs for SES measure within strata 
of depression, 95% C, p-value) 

Depression and 
education 

0.07 (− 0.15–0.29), p 
= 0.267 

1.04 (0.87–1.25), p = 0.667 

Depression and 
area-based 
deprivation 

0.36 (0.15–0.56), p <
0.001 

1.28 (1.10–1.48), p = 0.001 

Depression and 
income 

-0.09 (− 0.29–0.11), p 
= 0.799 

1.06 (0.88–1.27), p = 0.559 

Estimates (95% CI) are based on Cox proportional hazards models adjusted for 
age, sex, ethnicity, BMI, physical activity, alcohol intake, smoking, fruit and 
vegetable intake, oily fish intake, high cholesterol levels, hypertension, diabetes, 
family history of cardiovascular disease, and family history of depression. 
CI = confidence interval; HR = hazard ratio; RERI = Relative Excess Risk due to 
Interaction; SES = socioeconomic status. 

a Defined as first-ever fatal or non-fatal stroke or myocardial infarction. 
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low levels of SES, this may explain a lack of interaction between 
depression and some of our SES indicators. We also only had information 
on depression at baseline and so could not examine depression as a time- 
dependent variable which may have diluted our effect estimates [37]. 
Furthermore, there is potential for misclassification of levels of SES. 
Common limitations in the measurement of SES have been widely 
described [38], such as high rates of non-response or misclassification of 
individuals to SES levels based on area-based SES measures. We have 
also only used binary categories of SES. By classifying educational 
attainment as high and low based on the presence or absence of a uni-
versity of college degree, we may have over-estimated the proportion of 
participants with a low socioeconomic status, given the more restricted 
access to higher education for the oldest participants recruited. It will be 
of interest to use a less crude division of SES measures in future studies. 
However, since adding additional levels of SES will increase the number 
of statistical tests and comparisons, future studies may want to apply a 
Bonferroni correction to presented p-values. Fourth, despite controlling 
for various potential confounding factors in our analysis, our results may 
be affected by residual confounding due to measurement error of 
included covariates or unmeasured covariates. One potential source of 
measurement error of included covariates is our assumption of the 
absence of diabetes, hypertension and cholesterol levels if participants 
were not identified with these conditions in any of the data sources. 

4.2. Comparison with previous studies 

Our results are in keeping with previous studies highlighting a high 
risk of CVD associated with each of depression and low SES individually 
[1–6,13,15]. As highlighted by Sullivan and Vaccarino [22], a com-
parison of findings of existing studies on the combined association of 
depression and SES on risk of CVD is complicated since these studies did 
not present all information required to assess effect modification and 
interaction [29]. Nonetheless, our results are largely consistent with 
existing studies. The most comprehensive existing study of individuals 
from South Korea found that depression was associated with increased 
risks of stroke and MI among those with high and low insurance pre-
miums (used as a proxy measure of income) [15]. Furthermore, those 
with low income and depression had the highest risk of stroke and MI 
compared to those with no depression and high income. In keeping with 
our study, there was no evidence of multiplicative interaction. However, 
there were supra-additive effects of depression and income on risk of 
stroke and sub-additive effects on MI which may be explained by dif-
ferences between samples or SES measures. In keeping with our study, 
existing studies generally did not find interaction between depression 
and each of education, income and receipt of social security assistance 
on risk of stroke or IHD on the multiplicative scale [18,19,21]. In 
contrast to our findings, depressive symptoms were associated with 
incident CHD or revascularization among individuals with low income 
but not among those with high income in a US-based study [14]. 
However, differences are perhaps expected given that universal access to 
health care is available in the UK and not in the US. To our knowledge, 
there is only one existing study assessing the combined effect of 
depression or bipolar disorder and area-based deprivation on the inci-
dence of IHD and stroke [16]. Similar to our study, there was a sug-
gestion of interaction on the additive scale on risk of IHD, with the risk 
most pronounced among the most deprived groups. However, in 
contrast to our findings, the authors found no interaction between 
depression and area-based deprivation on risk of stroke. 

4.3. Potential mechanisms/explanations 

Depression was associated with risk of MCVE among individuals 
regardless of binary SES category suggesting that mechanisms that link 
depression and CVD are present irrespective of socioeconomic back-
grounds. Whilst individuals with depression and low SES were at 
particularly high risk of MCVE, the risk was additive (e.g. equal to the 

sum of individual effects) for depression and each of low education and 
low income suggesting that there is little overlap in the underlying 
mechanisms of their association with CVD. In contrast, depression and 
area-based deprivation may share mechanisms that amplify each other 
in their effect on risk of CVD, perhaps more so among women than men. 
Individuals with severe depression may more often live in areas of high 
deprivation or the living environment itself influences the health of in-
dividuals, for example through social norms [38]. If one such social 
norm is not to seek help for depression, the association between 
depression and risk of CVD could be amplified by area-based 
deprivation. 

There are several potential explanations for differences between 
findings based on different SES measures. First, different SES indicators 
may reflect different aspects of participants' socioeconomic circum-
stances [38]. Second, the use of binary classifications of our socioeco-
nomic indicators may have prevented us from detecting more nuanced 
differences between groups and may have hidden potential interactions 
between depression and educational attainment or depression and 
income. 

4.4. Implications of this study and future research 

Our results suggest that individuals with depression and a lower 
socioeconomic background are at particularly high risk of MCVE. 
Monitoring of these individuals at high risk of adverse events needs to be 
encouraged, and timely diagnoses and effective treatments need to be 
offered to those affected by CVD. In the United Kingdom, the role of 
general practitioners is particularly important since they act as gate- 
keepers to health care services and are the first point of contact for in-
dividuals with depression and most other health problems. However, 
despite free access to most health care services for all residents in the 
United Kingdom, service provision and general practice funding is not 
aligned with clinical need, particularly in areas of high deprivation 
[39,40]. Thus, it is important that the social gradient in risk of adverse 
events is not just highlighted in clinical guidelines but that resources and 
general practice funding are aligned with clinical need. 

Since this is one of the first studies to report a potential synergistic 
effect of depression and area-based deprivation on risk of MCVE, a 
cautious interpretation of findings is warranted and it is important to 
establish whether the synergistic effect between depression and area- 
based deprivation is observed in other settings. Furthermore, this is 
the first study to comprehensively assess effect modification and inter-
action between depression and SES using different measures of SES. 
Future studies on the combined associations of depression and SES on 
risk of CVD should follow recommended reporting guidelines on effect 
modification and interaction [29] to facilitate comparison of results 
from different studies although international measures of SES are likely 
to differ. The scope of the present analysis did not include examining 
occupational status, but it will be of interest to examine this in future 
analyses. 

5. Conclusion 

We found that depression was associated with increased risks of 
MCVE among those with low and high SES, irrespective of which mea-
sure of SES was used. Individuals with depression and a low SES were at 
particularly high risk of MCVE, particularly for the area-based depri-
vation measure. It is important that the social gradient in risk of adverse 
events is not just highlighted in clinical guidelines but that resources are 
allocated on the basis of clinical need to support implementation of 
guidelines. 

Data availability 
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[35] K. Rannikmäe, K. Ngoh, K. Bush, R. Al-Shahi Salman, F. Doubal, R. Flaig, D. 
E. Henshall, A. Hutchison, J. Nolan, S. Osborne, N. Samarasekera, C. Schnier, 
W. Whiteley, T. Wilkinson, K. Wilson, R. Woodfield, Q. Zhang, N. Allen, C.L. 
M. Sudlow, Accuracy of identifying incident stroke cases from linked health care 
data in UK Biobank, Neurology 95 (6) (2020) e697–e707. 

[36] D.J. Smith, B.I. Nicholl, B. Cullen, D. Martin, Z. Ul-Haq, J. Evans, J.M.R. Gill, 
B. Roberts, J. Gallacher, D. Mackay, M. Hotopf, I. Deary, N. Craddock, J.P. Pell, 
Prevalence and characteristics of probable major depression and bipolar disorder 
within UK Biobank: cross-sectional study of 172,751 participants, PLoS One 8 (11) 
(2013), e75362. 

R. Prigge et al.                                                                                                                                                                                                                                   

http://www.ukbiobank.ac.uk/register-apply/
https://doi.org/10.1101/2021.12.31.21268566
https://doi.org/10.1101/2021.12.31.21268566
http://www.icmje.org/coi_disclosure.pdf
https://doi.org/10.1016/j.jpsychores.2022.110978
https://doi.org/10.1016/j.jpsychores.2022.110978
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0005
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0005
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0005
https://doi.org/10.31487/j.ejcr.2020.01.02
https://doi.org/10.31487/j.ejcr.2020.01.02
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0015
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0015
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0015
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0015
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0020
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0020
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0020
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0020
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0020
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0020
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0020
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0025
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0025
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0030
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0030
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0030
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0035
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0035
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0035
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0040
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0040
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0040
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0045
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0045
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0045
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0045
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0050
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0050
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0055
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0055
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0055
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0060
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0060
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0060
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0065
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0065
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0065
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0065
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0070
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0070
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0070
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0070
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0070
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0075
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0075
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0075
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0075
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0080
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0080
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0080
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0085
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0085
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0085
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0090
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0090
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0090
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0090
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0090
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0095
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0095
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0095
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0100
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0100
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0100
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0105
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0105
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0105
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0110
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0110
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0115
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0115
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0115
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0115
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0115
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0120
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0120
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0120
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0120
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0120
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0125
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0125
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0125
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0125
https://www.ons.gov.uk/peoplepopulationandcommunity/personalandhouseholdfinances/incomeandwealth/bulletins/householddisposableincomeandinequality/financialyear2020
https://www.ons.gov.uk/peoplepopulationandcommunity/personalandhouseholdfinances/incomeandwealth/bulletins/householddisposableincomeandinequality/financialyear2020
https://www.ons.gov.uk/peoplepopulationandcommunity/personalandhouseholdfinances/incomeandwealth/bulletins/householddisposableincomeandinequality/financialyear2020
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0135
https://biobank.ctsu.ox.ac.uk/crystal/exinfo.cgi?src=Data_providers_and_dates
https://biobank.ctsu.ox.ac.uk/crystal/exinfo.cgi?src=Data_providers_and_dates
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0145
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0145
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0150
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0150
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0155
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0155
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0160
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0160
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0165
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0165
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0170
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0170
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0170
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0175
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0175
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0175
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0175
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0175
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0180
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0180
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0180
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0180
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0180


Journal of Psychosomatic Research 160 (2022) 110978

8

[37] H. Li, N. Van Halm-Lutterodt, D. Zheng, Y. Liu, J. Guo, W. Feng, X. Li, A. Wang, 
X. Liu, L. Tao, C. Hou, Y. Luo, F. Zhang, X. Yang, Q. Gao, W. Wang, Z. Tang, X. Guo, 
Time-dependent depressive symptoms and risk of cardiovascular and all-cause 
mortality among the Chinese elderly: the Beijing longitudinal study of aging, 
J. Cardiol. 72 (4) (2018) 356–362. 

[38] V. Shavers, Measurement of socioeconomic status in health disparities research, 
J. Natl. Med. Assoc. 99 (9) (2007) 1013–1023. 

[39] S.W. Mercer, G.C. Watt, The inverse care law: clinical primary care encounters in 
deprived and affluent areas of Scotland, Ann. Fam. Med. 5 (6) (2007) 503–510. 

[40] G. McLean, B. Guthrie, S.W. Mercer, G.C. Watt, General practice funding underpins 
the persistence of the inverse care law: cross-sectional study in Scotland, Br. J. 
General Pract. 65 (641) (2015) (e799–805). 

R. Prigge et al.                                                                                                                                                                                                                                   

http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0185
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0185
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0185
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0185
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0185
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0190
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0190
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0195
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0195
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0200
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0200
http://refhub.elsevier.com/S0022-3999(22)00263-X/rf0200

	The individual and combined associations of depression and socioeconomic status with risk of major cardiovascular events: A ...
	1 Introduction
	2 Methods
	2.1 Study population
	2.2 Exposure
	2.3 Outcome
	2.4 Covariates
	2.5 Statistical analysis
	2.6 Sensitivity analysis

	3 Results
	3.1 Descriptive statistics
	3.2 Individual associations of depression and SES measures with risk of MCVEs
	3.3 Combined associations of depression and SES measures with risk of MCVEs
	3.4 Additive and multiplicative interaction
	3.5 Sex-stratified analysis
	3.6 Sensitivity analyses

	4 Discussion
	4.1 Strength and limitations
	4.2 Comparison with previous studies
	4.3 Potential mechanisms/explanations
	4.4 Implications of this study and future research

	5 Conclusion
	Data availability
	Author contributions
	Prior presentation
	Role of funding source
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary data
	References


