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ABSTRACT

Objective To assess the impact of heart disease (HD)
combined with depression on all-cause mortality in older
people living in the community.

Design A population-based cohort study.

Participants We examined the data of 1429 participants
aged >60 years recruited in rural areas in Anhui province,
China. Using a standard method of interview, we
documented all types of HD diagnosed by doctors and
used the validated Geriatric Mental Status-Automated
Geriatric Examination for Computer Assisted Taxonomy
algorithm to diagnose any depression for each participant
at baseline in 2003. The participants were followed up for
8 years to identify vital status.

Measurements We sought to examine all-cause mortality
rates among participants with HD only, depression only
and then their combination compared with those without
these diseases using multivariate adjusted Cox regression
models.

Results 385 deaths occurred in the cohort follow-up.
Participants with baseline HD (n=91) had a significantly
higher mortality (64.9 per 1000 person-years) than those
without HD (42.9). In comparison to those without HD and
depression, multivariate adjusted HRs for mortality in the
groups of participants who had HD only, depression only
and both HD and depression were 1.46 (95% Cl 0.98 to
2.17),1.79 (95% Cl 1.28 t0 2.48) and 2.59 (95% Cl 1.12 to
5.98), respectively.

Conclusion Older people with both HD and depression

in China had significantly increased all-cause mortality
compared with those with HD or depression only, and
without either condition. Psychological interventions
should be taken into consideration for older people and
those with HD living in the community to improve surviving
outcome.

INTRODUCTION

Heart disease (HD) is the leading cause of
death and accounts for about one-fifth of
deaths worldwide." The term ‘heart disease’
refers to any disorders of the heart, and
denotes various types of heart conditions
including coronary heart disease (CHD),

Strengths and limitations of this study

» To the best of our knowledge, this study is the first to
examine the impact of heart disease combined with
depression on all-cause mortality in community-
dwelling older people in low and middle-income
countries.

» |t included a wide range of well-characterised par-
ticipants who lived in rural areas of China, being
widely representative of low and middle-income
lifestyles.

» The response rate of the participants was high both
at baseline and follow-up of the cohort.

» There was a wider Cl for the estimated HR of mor-
tality in patients with heart disease and concomitant
depression due to the small number of patients who
had both these conditions.

» The study has not examined the impacts of certain
types of heart disease on all-cause mortality in older
people.

hypertensive HD, cardiomyopathy and
myocarditis, rheumatic HD, atrial fibrilla-
tion and flutter, or any other HDs. Previous
studies have shown that depression is an inde-
pendent risk factor for both incidence and
mortality of HD,?” and people with HD are
also more likely to suffer from depression.*
The relationship between HD and depression
is bidirectional.” HD and depression often
coexist.’

Previous studies in hospital settings showed
that patients with HD and depression versus
those without depression had increased
mortality.” Few studies have been under-
taken in community settings to examine
increased risk of mortality in older people
with HD and depression compared with their
counterparts who are free of HD and depres-
sion.'”!" Older people have increased risks of
HD and depression.'* The current knowledge
of the association of HD or depression in older
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age with all-cause mortality is predominately derived from
studies conducted in high-income countries (HICs). ! 131
The findings in HICs may not be generalisable to those in
low and middle-income countries (LMICs). Importantly,
despite the fact that the comorbidity of HD and depression
increased in older age, little is known about the impact
of HD combined with depression on all-cause mortality
in older people, and no study has been undertaken in
LMIGs. Over the past three decades, HD mortality has
fallen by more than half in HICs, but it has significantly
increased in LMICs." In LMICs there are more and more
people who have been affected by cardiac conditions as
a result of the population ageing, epidemiological tran-
sition and risk factor changes,'® while rates of depression
remain high.'” It is urgent to examine the impact of HD
combined with depression on all-cause mortality in older
communities in LMICs. China is the largest LMIC with
241 million older people. In this paper we examined the
data of a community-based cohort study of older people
in rural China, to assess the impacts of HD, depression
and their combination on all-cause mortality.

METHODS

Study population

The participants were derived from the Anhui cohort
study of older people’s health in China.'® We examined
the data of participants who lived in the rural areas, who
were widely representative of a more typical LMIC life-
style, away from the rapid modernisation of more urban
populations.” The methods of the baseline investiga-
tions'’ and the follow-up in the rural Anhui cohort study'®
have been fully described before. In brief, we randomly
selected 1709 aged 260 years from all 16 villages in Tang-
dian District of Yingshang county in 2003. A total of 1600
older people (754 men and 846 women) participated
in the study, with a response rate of 93.6%. Permission
for interview and informed consent were obtained from
each participant. In the case of those who were unable
to provide informed consent due to disability or limited
educational level, their next of kin or carer was invited to
provide assent for participation.20 The participants were
interviewed at home by a trained survey team from the
School of Health Administration, Anhui Medical Univer-
sity, China. The main interview materials were a general
health and risk factors questionnaire, and the Geriatric
Mental Status (GMS)—a comprehensive semistructured
mental state interview widely used in older people world-
wide.” In the general health and risk factors record we
documented details including: (1) sociodemographic
information, (2) social networks and support, (3) psycho-
logical aspects, (4) doctor-diagnosed cardiovascular and
other chronic disease, and (5) hobbies and activities of
daily living.*” According to standard procedures™ we
measured systolic and diastolic blood pressure, weight
and height, and waist circumferences for all participants
at baseline interview (wave 1).

Baseline HD and depression

At baseline interview, each participant (or their carers if
the participant was unable to answer) was asked whether
he or she had received a doctor-diagnosed type of any
HD, with answer either ‘Yes’, ‘No’ or ‘Unknown’. We
performed a computer program-assisted diagnosis, the
Automated Geriatric Examination for Computer Assisted
Taxonomy (AGECAT),QO to assess the information from
the GMS to identify the principal mental disorders in the
study participants. The method of diagnosing depression
has been described in previous publications.% Briefly,
AGECAT analyses of the GMS data bring symptom
components together into groups that typify the major
symptom areas of each diagnostic syndrome (organic
disorder, depression, mania, schizophrenia and para-
noia, obsessional, phobic, hypochondriacal and general
anxiety). Individual participants were allocated to levels
of confidence of diagnosis (0-5) on each of the eight diag-
nostic syndromes. The various syndrome levels were then
compared with one another to derive a final differential
diagnosis and a level of confidence of diagnosis from 0
to 5. A level of 23, in most circumstances, designates a
‘case level’, which corresponds to a level of severity that
warrants clinical intervention. Levels 1 and 2 are desig-
nated as ‘subcases’, while level 0 (no confidence level on
any syndrome) is classified as ‘well’.*” The GMS-AGECAT
depression ‘case’ diagnoses have been compared with
psychiatrists’ diagnoses and Diagnostic and Statistical
Manual of Mental Disorders, Third Edition criteria and
applied with good levels of agreement in a variety of
settings, including older people in China.?!

Follow-up of the cohort

Vital status of the cohort members was monitored until
December 2011. At each wave survey we conducted home
visits to obtain information about participants’ survival
status through multiple sources including villagers’
committees, family members, neighbours and friends.
Using a standard verbal autopsy questionnaire we inter-
viewed the next of kin responsible for the deceased or
reviewed the death certificate to ascertain causes of
death.?” We successfully followed up 1429 cohort members
at wave 2, wave 3 or wave 4, with an overall rate of 89.3%.

Patient and public involvement

We collected data from community-based dwelling older
adults. Participants were not involved directly in the
development of, recruitment to and conduct of the study.
They did not have any role in study design, data analysis,
data interpretation or writing of the manuscript.

Statistical analysis

Distributions of sociodemographic and risk factors
between participants with and without HD were assessed
by a t-test for continuous variables and a ¥ test for cate-
gory variables. We employed multivariate Cox regression
models to calculate HR and 95% CI of all-cause mortality
among participants with HD versus those without. In
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the models we adjusted different sets of confounders,
including depression to examine the association of
HD with all-cause mortality. Then we investigated and
compared mortality in patients who had HD only, depres-
sion only and both HD and depression in comparison to
those without any HD or depression. The proportional
hazards assumption in the Cox models was checked and
satisfied for the covariates. All data were analysed using
the SPSS statistical package (Windows V.24.0; SPSS).

RESULTS

Of 1429 participants, the average age was 70.9 years, and
51.5% were women. Their basic characteristics are illus-
trated in table 1. At baseline investigation, 91 participants
were documented with HD. They were more likely to be
obese, walk (or tour in group) and have diabetes, but less
likely to drink alcohol in comparison to those without
HD. They had a 50% increase in depression, which was
not statistically significant. There were no significant
differences in age, sex, smoking status, levels of educa-
tion, social networks and support, hypertension, stroke
and dementia between HD and non-HD participants
(table 1).

Over 8 years follow-up of the cohort, 385 participants
died. The mortality was higher in participants with HD
(64.87 per 1000 person-years) than those without HD
(42.85 per 1000 person-years) (p=0.021). Age-sex adjusted
HR for mortality in participants with HD was 1.52 (95%
CI 1.07 to 2.16), and with further adjustment for body
mass index (BMI), smoke, alcohol drinking, educational
level, living status, frequency of visiting children or rela-
tives, and walking or group touring, the HR was 1.48 (95%
CI 1.04 to 2.12). This was not substantially changed after
adding comorbidities for adjustment, including depres-
sion (table 2).

Table 3 shows mortality and adjusted HRs among the
four groups of participants in terms of HD and depres-
sion conditions. There were significant differences in
mortality among these groups (p=0.011): 41.00 per 1000
person-years in participants with neither HD nor depres-
sion, 62.65 per 1000 person-years in HD only, 60.46 per
1000 person-years in depression only and 77.72 per 1000
person-years in participants with both HD and depres-
sion. The age-sex adjusted HR for mortality in partici-
pants with HD only, with depression only and with both
HD and depression in comparison to those without HD
and depression was 1.52 (95% CI 1.03 to 2.24), 1.63 (95%
CI 1.20 to 2.22) and 2.17 (95% CI 0.96 to 4.91), respec-
tively. Further adjusted for other variables including BMI,
smoke, alcohol drinking, educational level, living status,
frequency of visiting children or relatives, walking or
group touring, hypertension, diabetes and dementia, the
matched HRs for mortality in the groups of participants
who had HD only, depression only and both were 1.46
(95% CI 0.98 to 2.17), 1.79 (95% CI 1.28 to 2.48) and
2.59 (95% CI 1.12 to 5.98), respectively (table 3).

DISCUSSION

Our cohort study from China demonstrated that older
people with HD had a 46% increase in all-cause mortality
compared with those without HD. Further data analysis
for the participants with both HD and depression showed
increased mortality at 159% while mortality in patients
with HD only was increased at 46%, and with depres-
sion only at 79%, compared with those without HD and
depression.

Current literature shows that few studies have examined
the impact of HD on all-cause mortality in the community-
dwelling older people, particularly in LMICs. In our study
of China, data of HD, no matter with or without depression,
revealed a 46% increase in all-cause mortality. The finding
is consistent with an Australian study, which included a
community-derived sample of 4805 participants aged 69-87
with a mean follow-up of 6.0 years and showed that the risk
of all-cause mortality was increased in those with CHD (HR
1.6,95% CI 1.4 to 1.8).%

Our study also demonstrated that older people with
depression in China have increased all-cause mortality,
which was not confounded by other factors including HD
and other cardiovascular risk factors. A recent systematic
literature review and meta-analysis, which included 49
cohort studies, found that late-life depression increased the
risk of all-cause mortality by 34%."* The figure was mainly
derived from studies undertaken in HICs. In compar-
ison, our study showed a stronger impact of depression
on all-cause mortality. The HR in patients with depres-
sion combined with HD was 2.59, showing a multiplicative
production of HRs of depression and HD. These infer the
need for more detection and treatment of depression in
older people in rural China, particularly in those with HD.**
In rural China, older people had a low level of using mental
health services,24 % and there is lack of trained medical staff
who can identify, diagnose and treat psychiatric conditions,*
contributing further to consequent underrecognition and
undertreatment. This may be one of the reasons for the
stronger impact of late-life depression on increased all-
cause mortality in rural China.

Depression is highly prevalent among patients with HD
in China®” and other countries. A study conducted in the
urban community, China showed a 34.6% of depression
in patients with CHD aged >60 years,”® while there was no
study in the rural community. Our study showed a 15.4%
of depression (case and subcase) in older people with
HD in rural China. Although many studies in hospital
settings showed that patients with HD after experiencing
depression would have a worse prognosis and increased
mortality,” few studies have been done in the community-
dwelling settings to examine the impact of HD combined
with depression on all-cause mortality and only two
studies to quantify the magnitude of mortality increased
in people with HD and depression in comparison to those
with neither.'” "' The British Whitehall II study followed
up 5936 participants aged 35-55 years for a mean of 5.6
years,'” and the age-sex adjusted analysis showed that HR
for all-cause mortality was 1.67 (95% CI 1.05 to 2.66) in
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Table 1 Continued

Non-heart disease Heart disease

Variable All participants n=1338 (%) n=91 (%) P value
Hypertension

No 609 42.6 577 431 32 35.2 0.137
Yes 820 57.4 761 56.9 59 64.8
Diabetes

No 1415 99.0 1327 99.2 88 96.7 0.020
Yes 14 1.0 11 0.8 3 3.3
Stroke

No 1374 96.2 1285 96.0 89 97.8 0.397
Yes 55 3.8 13} 4.0 2 2.2
Dementia

No 1128 78.9 1049 784 79 86.8 0.057
Yes 301 21.1 289 216 12 13.2
Depression™*

No 1280 89.6 1203 89.9 77 84.6 0.110
Yes 149 10.4 135 101 14 15.4

*In this paper, we included participants who had any levels of Geriatric Mental Status-Automated Geriatric Examination for Computer Assisted

Taxonomy (GMS-AGECAT) depression as having depression.
BMI, body mass index.

patients with CHD only, 2.10 (95% CI 1.41 to 3.13) in
depression only and 4.99 (95% CI 2.89 to 8.62) in having
both CHD and depression in comparison to people with
neither of them.'” However, after further adjustment for
socioeconomic status, lifestyles and cardiovascular disease
risk factors, these HRs were substantially reduced: 1.10
(95% CI 0.66 to 1.82) in patients with CHD, 1.78 (95%
CI 1.17 to 2.69) in depression and 2.94 (95% CI 1.63 to
5.34) in CHD combined with depression.m In the Nether-
lands, Penninx ef al followed up a cohort of 2847 people
aged 55-85 years for averaged 4.2 years and observed that
compared to those without cardiac disease and depres-
sion, mortality was increased in patients with cardiac
disease only (multivariate adjusted HR 3.4, 95% CI 2.4 to
4.9) and in depression only (minor depression 1.6, 95%

CI 1.0 to 2.8; major depression 3.8, 95% CI 1.4 to 10.6),
while patients who had cardiac disease with depression
had the highest risk of mortality (with minor depression
5.1,95% CI 3.1 to 8.6; with major depression 10.5, 95% CI
4.1 t0 26.7)." Our study in China found that older people
with HD and depression had a higher risk of all-cause
mortality than those with either HD or depression alone.
Our data from LMICs have contributed to the literature.

Strengths and weaknesses of the study

The main contribution of this study is to identify the
combined effects of HD and depression on all-cause
mortality in older people in rural communities of China.
To the best of our knowledge, it is the first study to
examine such effect in LMICs. Our study has limitations.

Table 2 Numbers of deaths and adjusted HR for all-cause mortality of heart disease among rural older adults in China: the

Anhui cohort study

Heart Deaths/participants, Person- Mortality

disease n (%) years rate* HR'95% CI P value HR295% Cl P value HR®95% CI P value

No 351/1338 (26.2) 8191.6 42.85 1.00 1.00 1.00

Yes 34/91 (37.4) 5241 64.87 1.52 0.021 1.48 0.032 1.46 0.042
1.07t0 2.16 1.04t0 2.12 1.01t0 2.10

Total 385/1429 (26.9) 8715.7 4417

HR': adjusted for age (continuous), sex.

HR?: adjusted for age (continuous), sex, body mass index (BMI), smoke, alcohol drinking, educational level, living status, frequency of visiting

children or relatives, walking or group touring.

HR?®: adjusted for age (continuous), sex, BMI, smoke, alcohol drinking, educational level, living status, frequency of visiting children or
relatives, walking or group touring, hypertension, diabetes, dementia and depression.

*Mortality rate per 1000 person-years.
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Table 3 Numbers of deaths and adjusted HR in combination with heart disease and depression among rural older adults in China: the Anhui cohort study

Mortality

rate*

Deaths/participants,

n (%)
304/1203 (25.3)

28/77 (36.4)

P value

Pvalue HR®95%ClI

P value HR295% CI

HR' 95% CI

1.00
1.52

Person-years

7414.15

Depression

No

Heart disease

No

1.00

1.

1.00

1.45
0.98 t0 2.15

41.00
62.65

46 0.061

0.065

0.036

446.90

No

Yes

0.98t0 2.17

1.

1.08t0 2.24

1.

0.001

79

0.008

1.54

0.002

60.46 63

777.42

Yes 47/135 (34.8)

No

1.28 10 2.48

2.

1.12 to 2.11

2.45

1.20 t0 2.22

2.1

0.026

0.063 0.033 59

7

77.72

Yes 6/14 (42.9) 77.20

Yes

1.12t0 5.98

1.07 t0 5.59

0.96 to 4.91

HR': adjusted for age (continuous), sex.

HR?: adjusted for age (continuous), sex, body mass index (BMI), smoke, alcohol drinking, educational level, living status, frequency of visiting children or relatives, walking or group touring.
HR?®: adjusted for age (continuous), sex, BMI, smoke, alcohol drinking, educational level, living status, frequency of visiting children or relatives, walking or group touring, hypertension,

diabetes, and dementia.

*Mortality rate per 1000 person-years.

First, although our cohort had enough participants to
be followed up for survival study, the number of patients
who had both HD and depression was small, which
made the HR for mortality a wider 95% CI. Second, our
study included all types of HD, and we could not analyse
data of a specific type of HD to investigate the impact
of certain types of HD on mortality in older people.
However, previous studies suggested that the effect of
HD combined with depression on all-cause mortality
is not sensitive to the definition of HD events.'” Third,
the information of HD was collected using self-reported
doctor diagnosis in the questionnaire, but not medical
records. This may have caused some misclassification
on HD diagnosis, biasing the direction of the associa-
tion between HD and mortality towards null hypothesis.
However, previous studies showed smaller differences
between self-reported and physician reported in preva-
lence of HD in older adults.”” Our finding of using self-
reported doctor-diagnosed HD is similar to that in the
UK study, which used medical record.' Nevertheless, a
large cohort study of using hospital medical records is
required to examine the association between HD and
all-cause mortality in LMICs. Fourth, our study examined
the impacts of HD and depression at baseline on all-cause
mortality, not taking into account incident cases of HD
and depression as well as depression recovering during
the follow-up period. Although their numbers would be
small, without including them in analysis, the associations
of these health conditions with all-cause mortality anal-
ysed could have been underestimated, that is, the current
findings in this paper would be more conservative. The
impacts of HD, depression and their combination on
all-cause mortality in older people need to be studied
further in a large-scale cohort, with a shorter time interval
(eg, 6 months) for reinterview to catch depression cases.
Fifth, we acknowledge that the study is limited to the rural
area in Anhui province, China, and its findings may not
be generalisable to other rural areas in China. However,
Anhui province is in the middle of China in terms of
population density and economic status, and the find-
ings of the study might still be applicable. Nevertheless,
a larger scale cohort from multiple rural areas in China
is likely to provide further confirmation of our findings.

IMPLICATION AND CONCLUSION

This study demonstrated that older Chinese with HD had
an around 50% increase in all-cause mortality and there
was additional effect of HD with depression on increased
mortality. The findings highlight the importance of devel-
oping psychological interventions that are effective in
reducing mortality among older people and those with HD
who live in the rural communities in China. As the popula-
tion of China continues ageing and the prevalence of HD
and depression increase, it is vital to ensure that adequate
mental health services and psychological support are avail-
able for vulnerable groups of older people. Early identifi-
cation of depression in older people with and without HD,
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as well as appropriate prevention and treatment for depres-
sion in the populations, is a vital and attainable interven-
tion to reduce mortality in China. Improving public health
and mental healthcare in rural China will help achieve a
healthier ageing society and attain better outcomes in older
people with HD and depression.
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