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ABSTRACT

Background and purpose The role of depression in the
development and outcome of cardiometabolic diseases
remains to be clarified. We aimed to examine the extent
to which depressive symptoms affect the transitions from
healthy to diabetes, stroke, heart disease and subsequent
all-cause mortality in a middle-aged and elderly European
population.

Methods A total of 78 212 individuals aged >50 years
from the Survey of Health Ageing and Retirement in
Europe were included. Participants with any baseline
cardiometabolic diseases including diabetes, stroke and
heart disease were excluded. Depressive symptoms were
measured by the Euro-Depression scale at baseline.
Participants were followed up to determine the occurrence
of cardiometabolic diseases and all-cause mortality. We
used multistate models to estimate the transition-specific
HRs and 95% Cls after adjustment of confounders.
Results During 500 711 person-years of follow-up,

4742 participants developed diabetes, 2173 had stroke,
5487 developed heart disease and 7182 died. Depressive
symptoms were significantly associated with transitions
from healthy to diabetes (HR: 1.12, 95% CI: 1.05 to 1.20),
stroke (HR: 1.31,95% CI: 1.18 to 1.44), heart disease (HR:
1.26, 95% Cl: 1.18 to 1.34) and all-cause mortality (HR:
1.41,95% Cl: 1.34 to 1.49). After cardiometabolic diseases,
depressive symptoms were associated with the increased
risk of all-cause mortality in patients with diabetes (HR:
1.54,95% Cl: 1.25 to 1.89), patients who had stroke (HR:
1.29,95% Cl: 1.03 to 1.61) and patients with heart disease
(HR: 1.21, 95% CI: 1.02 to 1.44).

Conclusions Depressive symptoms increase the risk

of diabetes, stroke and heart disease, and affect the

risk of mortality after the onset of these cardiometabolic
conditions. Screening and treatment of depressive
symptoms may have profound implications for the
prevention and prognosis of cardiometabolic diseases.

INTRODUCTION

With the rapid population ageing, non-
communicable diseases (NCDs) pose a major
public health challenge throughout the
world." According to the WHO, the number
of global NCD deaths per year has increased
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from 31 million in 2000 to 40 million in 2016,
and it is estimated to further reach 52 million
by 2030.** Among all types of NCDs, cardio-
metabolic diseases, including diabetes, stroke
and heart disease, are the most common kinds
and leading causes of NCD deaths, which
accounted for over 50% of NCD mortality
during 2012." Traditional risk factors of
cardiometabolic diseases, including age,
gender, overweight/obesity, smoking, phys-
ical inactivity and unhealthy diet, have been
investigated extensively in previous studies.”°
However, these factors only partly explain the
rising incidence and mortality of cardiomet-
abolic diseases. To develop multiple preven-
tive strategies, identifying novel modifiable
risk factors for cardiometabolic diseases is in
urgent need.

Depression is a common and recurrent
psychological disorder that is linked to a wide
variety of adverse consequences.” In 2008,
WHO listed depression as the third cause
of global disease burden and projected that
it would rank the first by 2030.° The preva-
lence of major depression in patients with
cardiovascular disease has been estimated to
be over two to three times higher than that
in the general population.” Depression has
also been shown to be an important indepen-
dent risk factor for single cardiometabolic
disease. 012 However, several investigations
also found inconsistent results.'*"

Furthermore, epidemiological studies in
this domain are piecemeal, in that studies
generally focus on the association between
depression and single cardiometabolic
disease (eg, diabetes,lo stroke,"! 1215 coro-
nary heart disease (CHD)" 2y and single
outcome (disability'® or mortality'” '®). These
studies neglect that cardiometabolic diseases
are affected by several common risk factors
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and may interact with each other. Moreover, few studies
have investigated the extent to which depression shapes
the transitions from a healthy state to cardiometabolic
diseases and subsequently to all-cause mortality. Consid-
ering the inherent links and competing risks among
diabetes, stroke, heart disease and all-cause mortality,
a holistic understanding of how depression affects the
disease trajectory has the potential to develop compre-
hensive medical strategies for the prevention and prog-
nosis of cardiometabolic diseases. Thus, this study used
multistate models to simultaneously investigate the effect
of depressive symptoms on the risk of diabetes, stroke,
heart disease and subsequent all-cause mortality in a
large-scale, cross-national and longitudinal survey.

METHODS
Study population
We used longitudinal data on 78 212 individuals from
the Survey of Health Ageing and Retirement in Europe
(SHARE) during the period 2004-2018. SHARE is a
nationally representative study of individuals aged =50
years across 29 European continental countries.'” It
collected information about sociodemographic back-
ground, somatic and mental health, health-related behav-
iours, economic status and social networks using struc-
tured questionnaires. The first survey of SHARE (wave 1),
which was conducted between 2004 and 2006, included
30 424 participants among 12 European countries. The
six follow-up surveys (waves 2-7) have been conducted
approximately every 2 years, with 108 588 refreshment
samples included. To date, SHARE has surveyed a total of
about 140 000 individuals. Informed consent was signed
by each participant, and the protocol of the SHARE study
was approved by the Ethics Committee of the University of
Mannheim and Ethics Council of the Max Planck Society.
In this study, we selected participants who were initially
investigated between wave 1 and wave 6 to ensure at
least one follow-up visit for each participant. Besides,
we excluded participants who were younger than 50
years at baseline, those with any cardiometabolic disease
(diabetes, stroke and heart disease) at their initial survey
and those without any follow-up information. In total,
78 212 respondents out of almost 140 000 participants
were included for this analysis. The detailed flowchart of
participant selection is presented in figure 1.

Assessment of depressive symptoms

The Euro-Depression scale (EURO-D) was used to assess
participants with depressive symptoms.” It consisted of
12 items, namely, sad or depressed, pessimism, suicidal
feeling, guilty, sleeping problems, interest, irritability,
fatigue, appetite, concentration, enjoyment and crying.
Participants were asked to answer the above questions by
trained interviewers, with 1 point if answering ‘yes’ and
0 point if ‘no’. The total score is the sum of the scores
for 12 items, ranging from 0 to 12, with a higher score
indicating a higher degree of depressive symptoms. A

cut-off value of 24 was used to define clinically relevant
depressive symptoms, with an appropriate sensitivity
(63%-83%) and specificity (49%-95%) validated in 14
European countries.

Assessment of cardiometabolic diseases

The diagnosis of cardiometabolic diseases was deter-
mined by participants’ selfreported information in
follow-up surveys. In each visit, respondents were asked
whether a doctor has told he/she had or currently has
diabetes or high blood sugar, heart diseases (including
myocardial infarction, coronary thrombosis and any
other heart problems), stroke or cerebrovascular disease
(online supplemental text 1). Individuals were defined as
having the corresponding cardiometabolic disease if an
affirmative answer was given.

All-cause mortality

Another outcome in our study was all-cause mortality.
During follow-up, interview status (alive and dead) and
interview time (year and month) were collected for each
participant. Participants were followed up until the wave
with death records or 31 December 2018. If respondents
had complete information on death time, the survival
time was calculated as the interval between the inter-
view date of the enrolled wave and the exact death date.
For participants whose death dates were not available,
the survival time was defined as the median time from
the initial interview to the wave with death record. For
those who had survived during the follow-up period, the
follow-up time was the interval between the first interview
wave and the last interview wave.

Other covariates

The following covariates, extracted from the baseline
waves, were adjusted in the multivariable models: age
(50-59 years, 60—-69 years, 270 years); gender (male,
female); obesity (body mass index, BMI =30 kg/m2);
marital status (married or partnered, others); drinking
status (drinking and non-drinking); smoking status
(never smoker, ever smoker, current smoker); physical
activity (hardly ever or never, 1-3 times per month, =1
time per week); education (less than secondary school,
upper secondary education, tertiary education); and
taking medication for depression or anxiety (yes or no).
Besides, other nine chronic conditions were also inves-
tigated at baseline by asking, ‘Have you been diagnosed
with the following diseases by a doctor (namely, hyper-
tension, cancer (excluding minor skin cancers), chronic
lung disease, arthritis, high blood cholesterol, Parkinson’s
disease, cataracts, hip fracture, stomach or duodenal
ulcer)’. The total number of chronic diseases at baseline
was categorised into three groups: 0-1, 2-3 and >4.

Statistical analysis

The baseline characteristics according to depressive
symptoms are presented as frequency (percentage)
and compared by the %* test. As shown in figure 2, we
preplanned seven transitions from a healthy state to
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Total population in the Survey of Health, Aging,
and Retirement in Europe (N=139,012)

Exclusion Criteria:

those with diabetes at baseline (N=13,331);

those with stroke at baseline (N=4,848);

those with heart problems (N=14,850);

those with missing data on baseline cardiometabolic
disease (N=671)

Y

Participants without any cardiometabolic disease at baseline

Excluding participants younger than 50 years old (N=4,432);
Excluding participants lost to follow-up (N=9,221);

Excluding participants newly recruited in the latest survey
(N=19,034)

\\ 4
Participants included in analyses (N=78,212)

Figure 1 Flowchart of study participant selection.

cardiometabolic diseases and subsequent all-cause from (A) healthy to diabetes, (B) healthy to stroke, (C)
mortality. We applied multistate models to evaluate the  healthy to heart disease, (D) healthy to all-cause mortality,
effect of depressive symptoms on the risk of all transitions (E) diabetes to all-cause mortality, (F) stroke to all-cause

Baseline (healthy) ] Transition B, N=2173 | Stroke | Transition F, N=410
N=78212

_

Heart disease

Transition D (N=7182)

All-cause mortality
N=8757

Figure 2 Transitions from baseline (healthy) to diabetes, stroke, heart disease and all-cause mortality.
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mortality and (G) heart disease to all-cause mortality.
Multistate models,”’ ** an extension of competing risk
survival analysis, could simultaneously estimate the risks
of different transitions from an initial state to interme-
diate events and subsequently to final states in the same
framework. Such an analytical approach could clearly
delineate the time sequence and deal with competing risks
in disease progress. These models are Markov processes,
and the estimated probability of going to a future state
only depends on the current state and not on history.
Results are presented as transition-specific HRs and 95%
ClIs for cardiometabolic disease onset and subsequent all-
cause mortality. The cumulative incidence functions of
each transition were estimated according to depressive
symptoms. Missing values of covariates (N=2454) were
imputed using random forest models.” Moreover, we
performed several sensitivity analyses with the exclusion

of subjects who had missing values of covariates and those
with cancer or Parkinson’s disease at baseline.

All statistical analyses were performed with SAS V.9.4
statistical software (SAS Institute) and the ‘mstate’ R
package. P values less than 0.05 (two-sided) were consid-
ered as statistically significant.

RESULTS

Of the 78 212 participants included in this study, the
median (range) age was 61 (55—-69) years and the propor-
tion of women was 56.38%. The prevalence of depressive
symptoms (scores of EURO-D 24) at baseline was 24.17%,
with 16.09% in men and 30.42% in women. The base-
line characteristics of participants by depressive symp-
toms are shown in table 1. Compared with participants
free of depressive symptoms, individuals with depressive

Table 1 Baseline characteristics of study participants according to depressive symptoms
Characteristics (N, %) Depressed Non-depressed P value
N 18 904 (24.17) 59 308 (75.83) -
Age <0.0001
50-59 8116 (42.93) 26 199 (44.17)
60-69 5284 (27.95) 19 461 (32.81)
70+ 5504 (29.12) 13 648 (23.01)
Gender <0.0001
Men 5489 (29.04) 28 626 (48.27)
Women 13 415 (71.07) 30682 (51.73)
Obesity 3742 (20.58) 9534 (16.47) <0.0001
Drinking 7454 (39.59) 30873 (52.17) <0.0001
Smoking status <0.0001
Never smoker 10 330 (55.34) 31 452 (53.59)
Ever smoker 4274 (22.90) 15 444 (26.32)
Current smoker 4061 (21.76) 11 790 (20.09)
Physical activity <0.0001
Hardly ever or never 2981 (15.83) 3386 (5.72)
1-3 times/month 1116 (5.97) 2466 (4.17)
>1 times/week 14 731 (78.24) 53 318 (90.11)
Marital status 12 974 (68.71) 47 273 (79.79) <0.0001
Education <0.0001
Less than secondary school 9463 (50.06) 22 310 (37.62)
Upper secondary education 6346 (33.57) 22 514 (37.96)
Tertiary education 3095 (16.37) 14 484 (24.42)
No. of chronic diseases <0.0001
0-1 11 975 (63.35) 46 894 (79.07)
2-3 6099 (32.26) 11 705 (19.74)
>4 830 (4.39) 709 (1.20)
Taking medication for depression or anxiety <0.0001
Yes 2604 (13.77) 1629 (2.75)
No 16 300 (86.23) 57 679 (97.25)
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Figure 3 Cumulative hazards of different transitions by depressive symptoms.

symptoms were older, more likely to be women, obese,
illiterate and had more chronic diseases at baseline, but
were less likely to be drinkers, smokers, physically active
and married.

During 500 711 person-years of follow-up, the number of
those experiencing cardiometabolic diseases and all-cause
mortality were 4742 for diabetes, 2173 for stroke, 5487
for heart disease and 7182 for death events. The cumu-
lative risks of diabetes, stroke and heart disease during
the 10-year follow-up were 15.82%, 7.83% and 19.52%
among depressed subjects, in contrast to 12.43%, 5.82%
and 14.63% among non-depressed subjects (figure 3).
After cardiometabolic disease, the 10-year cumulative
risks of all-cause mortality were 25.05%, 39.51% and
29.51% for depressed participants with diabetes, stroke or
heart disease, respectively. By contrast, the risks for non-
depressed participants were 15.76%, 29.57% and 23.06%,
respectively (figure 3).

Results from multistate models revealed that depres-
sive symptoms were significantly associated with the risk
of developing cardiometabolic diseases and subsequent
transitions to all-cause mortality (table 2). After adjusting
for age, gender, obesity, smoking, drinking, physical
activity, marital status, education, country, taking medica-
tion for depression or anxiety, and the number of diseases
at baseline, the HR (95% CI) values of different transi-
tions were 1.12 (1.05 to 1.20) for transition A, 1.31 (1.18
to 1.44) for transition B, 1.26 (1.18 to 1.34) for transition
Cand 1.41 (1.34 to 1.49) for transition D. After the onset
of these cardiometabolic diseases, depressive symptoms

also increased the risk of all-cause death, with adjusted
HR (95% CI) being 1.54 (1.25 to 1.89) in patients with
diabetes, 1.29 (1.03 to 1.61) in patients who had stroke
and 1.21 (1.02 to 1.44) in patients with heart disease.

Similarly, the subgroup analyses by gender indicated
that depressive symptoms were also associated with
increased risk of disease onset and subsequent all-cause
death in both men and women (table 3). The positive
associations were most pronounced for the transition
from diabetes to death in men (HR: 1.56, 95% CI: 1.15 to
2.13) and women (HR: 1.56,95% CI: 1.17 to 2.08). What'’s
more, the results were not changed a lot in the sensitivity
analyses after excluding participants with missing values
of covariates and those with baseline cancer or Parkin-
son’s diseases (table 3).

DISCUSSION
Based on a large prospective study with over 78 000
middle-aged and elderly participants, we evaluated the
role of depressive symptoms in the temporal progres-
sion from healthy to cardiometabolic diseases and subse-
quently to all-cause mortality. Our results suggested that
baseline depressive symptoms affected the risk of devel-
oping cardiometabolic diseases among the European
middle-aged and elderly population. In addition, depres-
sive symptoms also increased the risk of all-cause mortality
among participants with diabetes, stroke or heart disease.
Despite the differences in tools used to measure depres-
sive symptoms from previous studies, our findings were
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Table 2 Association between depressive symptoms and risk of diabetes, stroke, heart disease and subsequent all-cause

mortality

Transitions N (events) Unadjusted Model 1 Model 2 Model 3

A (healthy to diabetes) 4742/78 212 1.30 (1.22 t0 1.38) 1.36 (1.27 to 1.45) 1.16 (1.09 to 1.24) 1.12 (1.05 to
1.20)

B (healthy to stroke) 2173/78212 1.37 (1.25t0 1.50) 1.41 (1.28t0 1.55) 1.34 (1.21t0 1.48) 1.31(1.18to
1.44)

C (healthy to heart disease) 5487/78 212 1.35(1.27t01.43) 1.40(1.32t0 1.48) 1.28 (1.20to0 1.36) 1.26 (1.18 to
1.34)

D (healthy to mortality) 7182/78212 1.68(1.60t01.77) 1.70(1.62t0 1.79) 1.52 (1.44t0 1.60) 1.41 (1.34to
1.49)

E (diabetes to mortality) 458/4742 1.64 (1.35t0 1.98) 1.68 (1.38 t0 2.05) 1.60 (1.30to 1.97) 1.54 (1.25 to
1.89)

F (stroke to mortality) 410/2173 1.43(1.171t01.75) 1.55(1.26t01.91) 1.43(1.15t01.78) 1.29 (1.03 to
1.61)

G (heart disease to mortality) 707/5487 1.21 (1.04t0o 1.42) 1.32 (1.12t0 1.56) 1.23 (1.04 to 1.46) 1.21 (1.02 to

1.44)

Data are presented as HR and 95% CI. Model 1 adjusted for age and gender. Model 2 adjusted for model 1 plus educational status, marital
status, taking medication for depression or anxiety, number of disease and country. Model 3 adjusted for model 2 plus obesity, drinking,

smoking and physical activity.

consistent with most of the findings that baseline depres-
sive symptoms were positively associated with cardiomet-
abolic disease onset.'”"® For example, a large cohort
study consisting of approximately 0.5 million Chinese
adults indicated that compared with participants free
of major depression, individuals with major depressive
episode had a 31% increased risk of developing type 2
diabetes.'’ Péquignot et al reported that cumulative expo-
sure to a high level of depression symptoms (HLDS)
increased the risk of CHD and stroke.'” Among partic-
ipants with the presence of HLDS, the risks were 1.64
times higher for stroke and 1.56 times higher for CHD
at four study visits. However, several exceptions existed
with inconsistent results. Nabi and his colleagues found
that participants with mild to severe depressive symptoms
or prescriptions of antidepressant medications had an
increased risk of CHD but not cerebrovascular disease."*
We speculate that the small number of cerebrovascular
events (N=129) might result in insufficient power for the
association. Besides, a prospective cohort study involving
20 627 strokefree individuals reported that 12-month
major depressive disorder (MDD) was not associated
with incident stroke." It is worth noting that in contrast
to a 1-month retrospective recall period for EURO-D in
SHARE, the 12-month period of recall for MDD in this
study was more likely to result in recall bias.

What’s more, we further found a positive association
between baseline depressive symptoms and transitions
from cardiometabolic diseases to all-cause mortality. By
contrast, studies investigating the association between
depression and mortality in patients with cardiometabolic
disease have been sparse and limited. Results from the
First National Health and Nutrition Examination Survey
(NHANES I) Epidemiologic Follow-up Study showed that
compared with individuals with only diabetes, people with

both diabetes and depression had a 33% elevated risk of
all-cause death.'” Similarly, another study demonstrated
that people with both depression and stroke had a higher
risk of death than those with only stroke.'® A study among
337 patients with acute myocardial infarction showed that
major depression was related to 2.54 times higher risk of
all-cause mortality.** In our study, heart diseases included
any types of heart problems, such as myocardial infarc-
tion, coronary thrombosis and any other heart problem
including congestive heart failure. The association
between depressive symptoms and a specific type of heart
disease needs further investigation in future studies.

The relationship between depression and cardiomet-
abolic disease progression may be explained from both
behavioural and biological perspectives. First, depressed
people are more likely to fall into unhealthy behaviours,
such as physical inactivity, smoking, obesity and non-
adherence to medications.”” Besides, these poor health
behaviours tend to appear together in the same depressed
patient®® and have been acknowledged as important risk
factors of cardiometabolic diseases. In our study, adjust-
ment of unhealthy behaviours somewhat attenuated the
associations of depressive symptoms with cardiometabolic
diseases and subsequent all-cause mortality, suggesting
that these lifestyles may confound or mediate the associ-
ation between depressive symptoms and cardiometabolic
morbidity. On the contrary, many biological mechanisms
have been proposed for the adverse impact of depression
on the course of cardiometabolic diseases. For example,
depression is associated with enhanced activity of the
sympathetic system and hypothalamic—pituitary—adrenal
axis, resulting in elevated catecholamine or cortisol levels
that are predictive of cardiovascular diseases and diabetes
outcomes.>™" Moreover, inflammatory biomarkers,
such as C reactive protein and interleukin 6, are other
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potential mediation factors that link depression and
cardiometabolic diseases.” ™ Furthermore, the reverse
causality that persons with cardiometabolic conditions
have an increased risk of depressive symptoms is also plau-
sible. This notion has been supported by two previous
meta-analyses. The prevalence of poststroke depression
has been estimated to be approximately 30% among
stroke survivors.” Nouwen and his colleagues reported
that compared with individuals without diabetes, indi-
viduals with type 2 diabetes have a 24% increased risk of
deplression.36

The primary strength of this study is our analytical
strategy that involved all three cardiometabolic diseases
and assessed both aetiological and prognostic factors
in the same analytical framework. This strategy fully
addressed the competing risks among these conditions
and avoided false discoveries. Moreover, we excluded
individuals with any cardiometabolic conditions at base-
line, which enables us to map the causal pathway from
depressive symptoms to cardiometabolic disease and
subsequent mortality. Another strength of our study is the
large sample size (N=78 212), which ensures the reliability
of our results. However, there are also several limitations.
First, depressive symptoms were only measured once at
the baseline survey, while the potential changes during
follow-up, particularly after the diagnosis of cardiomet-
abolic diseases, and the duration of depressive symp-
toms were not available. The unrecognised depressive
symptoms after disease diagnosis might underestimate
the adverse impact of depressive symptoms on mortality.
Second, although multivariate models adjusted for some
important risk factors for cardiovascular diseases and
diabetes, we cannot exclude the possibility of residual
confounders due to data availability. Third, there may
exist various biases in such a large-scale epidemiological
survey. But in SHARE, elaborate preparations (including
rigorous interviewers training, multidisciplinary confer-
ence and a pilot survey) have been completed before the
formal interviews to minimise these biases. Moreover,
results from sensitivity and subgroup studies were consis-
tentwith the primary analyses, indicating the robustness of
our results. Fourth, depressive symptoms were measured
only by EURO-D scale, but not a clinical diagnosis, which
may introduce a measurement error and result in the
underestimation of relationships. Finally, because the
EURO-D scale was mostly used to detect late-life depres-
sive symptoms in European populations, our results need
further validation in other non-European countries.

CONCLUSION

In conclusion, we found that the presence of depressive
symptoms was an independent risk factor for cardiomet-
abolic diseases and contributed to increased all-cause
mortality risk in people with cardiometabolic diseases.
Screening and treatment of depressive symptoms in
middle-aged and elderly adults may have profound
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implications for decreasing the incidence and mortality
of cardiometabolic diseases.
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