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Abstract

Objectives—Empirical studies of the relationship between depression and cardiovascular disease 

(CVD) tend to be limited to examination of one-way relationships. This study assessed both cross-

sectional association and longitudinal reciprocal relationships between late-life depressive 

symptoms and CVD.

Methods—The National Health and Aging Trends Study waves 1 (T1) and 2 (T2, one year later) 

provided the data. The study sample (N = 5,414) represented Medicare beneficiaries aged 65 years 

or older. We fit structural equation models to examine: 1) cross-sectional association between 

depression and CVD at each wave; and 2) longitudinal reciprocal relationship between T1 

depression and T2 CVD and between T1 CVD and T2 depression.

Results—At T1, 28.6% reported a CVD diagnosis, and at T2, 4.9% reported having had a new 

diagnosis or new episode of heart attack or heart disease and 2.2% reported having had a stroke 

since T1. In addition to significant cross-sectional relationships between depression and CVD, T1 

CVD had significant impact on T2 depressive symptoms, and T1 depressive symptoms had 

significant impact on T2 CVD, with a 1-point increase in depressive symptom score increasing the 

odds of having a new CVD diagnosis or episode by 21%.

Conclusions—The care of older adults with CVD and/or depression needs to include 

interventions focusing on lifestyle and psychological factors that can reduce risks for both CVD 

and depression. Depression prevention and treatment also needs to be an integral part of CVD 

prevention and management.
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Data from a national probability sample of household resident adults in the United States 

show that two-thirds of all those aged 50 years and older (and 74.4% of black patients aged 

50 years and older) who met the diagnostic criteria for major depressive disorder (MDD) 

had a diagnosis of heart disease, stroke, hypertension, and/or diabetes.1 The data also show 

that those with comorbid MDD and cardiovascular disease (CVD) or CVD risk factors had 

significantly greater functional impairments than did those with MDD alone. MDD or 

clinically significant late-life depression has been found to be an independent risk factor for 

CVD, after other CVD risk factors were adjusted for.2–7 One study2 found that depression 

was associated with an almost 1.5-fold increased risk for coronary heart disease. Another 

study5 found that depression was associated with almost twofold increased odds of stroke, 

even after age, socioeconomic status, lifestyle, and psychological factors were adjusted for.

Extant research also found that depression is a frequent complication of CVD. Heart disease 

and/or stroke increased the risk of older adults’ developing depressive symptoms, 

independent of other depression risk and demographic factors and of previous history of 

depression, as CVD increases vulnerability to late-life depression, both physiologically and 

psychologically, and it may precipitate or perpetuate some geriatric depressive 

syndromes.8–12 In addition to a bio-physiologic connection between CVD and depression, 

experiencing symptoms of a potentially life-threatening and/or debilitating disease is likely 

to subject many older adults to severe psychological distress at a time when their coping 

mechanisms are also likely to be weakened. Depressive symptom severity may be abated 

with effective CVD treatment; however, CVD-depression association remains significant, 

often with high depressive symptoms continuing for several years.13,14 One study15 found 

that both depression and anxiety increased significantly between 6 months and 5 years after 

stroke diagnosis.

The link between depression and CVD may be attributable, in part, to a common genetic 

vulnerability and to pathophysiologic factors, including increased platelet reactivity, 

decreased heart rate variability, and increased proinflammatory markers such as C-reactive 

protein.16–21 Unmanaged psychosocial stress and negative lifestyle habits associated with 

depression can also lead to hypertension, arterial damage, irregular heart rhythms, and a 

weakened immune system. Studies also found that higher depressive symptom severity was 

associated with lower antioxidant vegetable and fruit intakes, lower adherence to 

antihypertensive medication use, reduced physical activity, and withdrawal from telehealth 

services in persons with heart problems.22–27 Cigarette smoking, heavy alcohol use, low 

social support, neglect of self-care management, and nonadherence to CVD prevention and 

treatment regimens among depressed older adults may also be associated with recurrent 

CVD episodes and increased CVD morbidity and mortality.28–30 Although untreated 

depression can be a serious risk factor for development of CVD and/or worsening CVD 

morbidity, there is also emerging evidence that treatment of late-life depression can reduce 

the risk for cardiovascular disease and vice versa.14 Improvement in depressive symptoms 

after stroke has also been associated with improvement in motor and cognitive statuses 

among older adults and in social role functioning in adults of all ages.13,31

Previous research strongly suggests longitudinal, reciprocal/bidirectional links between 

depression and CVD in older adults,12,32 but empirical studies tended to be limited to 
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examination of one-way relationships—either the effect of depression on CVD or the effect 

of CVD on depression over time. The purpose of the present study was to assess both cross-

sectional association and longitudinal reciprocal relationships between depressive 

symptoms, focusing on cognitive-affective dimensions, and CVD (i.e., diagnosis of heart 

disease and/or stroke) among a nationally representative sample of older adults aged 65 or 

older. The primary study hypotheses were:

1a) T1 (time 1) CVD will be significantly associated with T1 depressive symptoms, 

and 1b) T2 (time 2; one year later) CVD will be significantly associated with T2 

depressive symptoms.

2) T1 CVD will predict T2 depressive symptoms.

3) T1 depressive symptoms will predict T2 CVD.

Direct effects from T1 depression to T2 depression and from T1 CVD to T2 CVD were also 

estimated. Covariates were demographics (age, sex, race/ ethnicity, and education), CVD 

risk factors (hypertension, diabetes, and current smoking), and other potential depression 

risk factors (diagnosis of any type of cancer, diagnosis of dementia/Alzheimer disease, 

activities and instrumental activities of daily living [ADL/IADL] impairments, and social 

isolation).

METHODS

Data and Sample

Data for this study came from the National Health and Aging Trends Study (NHATS) waves 

1 (T1) and 2 (T2) conducted in 2011 and 2012, respectively. The sample is representative of 

U.S. Medicare beneficiaries aged 65 years or older.33 The sample for the present study (N = 

5,414: 5,326 in community; 63 in residential care settings that were not nursing homes; and 

25 in nursing homes; of the sample, 5,243 were self-interviewed, and 171 were proxy-

interviewed). They were older adults who had lived in their own or another’s homes, who 

were self-interviewed at T1, and who were reinterviewed at T2. The unweighted sample 

attrition rate from T1 (N = 6,680) to T2 (N = 5,414) was 19%. Of 1,266 T1 sample persons 

who were not interviewed at T2, 880 (69.5%) refused participation; 240 (19.0%) had died; 

66 (5.2%) were too sick to participate; 80 (6.3%) did not participate for other reasons. 

Compared with those without CVD at T1, those with CVD were less likely to have refused 

T2 interviews, but they were more likely to have died (11.8% versus 14.6%, χ2
(1) = 8.91, p = 

0.009 for refusal and 5.1% versus 1.9%, χ2
(1) = 49.47, p <0.001 for death). However, the 

overall attrition rates did not differ between those who had a CVD diagnosis at T1 and those 

who did not (19.4% versus 18.2%, χ2
(1) = 1.13, p = 0.301).

Measures

Cardiovascular disease—At T1, each sample person was asked if a doctor had ever said 

that he/she had had certain diseases and conditions. Those who responded affirmatively to 

“a heart attack or myocardial infarction,” “any heart disease including angina or congestive 

heart failure,” or “a stroke” were categorized as having a CVD. At T2, all sample 

participants were asked about a new diagnosis (or new episode) since their last interview. 
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For a sample person who was proxy interviewed at T2, the proxy responded whether or not 

the sample person had had a diagnosis since T1. Those who responded affirmatively to heart 

attack/myocardial infarction, heart disease, or stroke were categorized as having had a new 

CVD diagnosis or episode at T2.

Depressive symptoms—At both waves, depressive symptoms were measured with the 

two-item Patient Health Questionnaire-2 (PHQ-2),34 which captures the cognitive/affective 

symptoms of anhedonia and depressed mood by asking: “Over the last month, how often 

[have you/has the sample person] (a) had little interest or pleasure in doing things; and (b) 

felt down, depressed, or hopeless?” Responses were based on a four-point scale (1=not at 

all; 2=several days; 3=more than half the days; 4 = nearly every day). The combined score 

was used as a symptom severity score. Previous research suggests that CVD burden is more 

likely to affect cognitive-affective than somatic symptom dimensions of depression.35,36 

Depressive symptom data were missing for 29 sample persons at T1 and 42 sample persons 

at T2.

CVD risk factors—These included a diagnosis of hypertension, diagnosis of diabetes, or 

self-reported current smoking at T1. Each sample person was asked if a doctor had ever said 

that he/she had had hypertension or diabetes. Each sample person was also asked if he/she 

currently smoked.

Depression risk factors—Depression risk factors included T1 and T2 diagnosis of 

cancer; diagnosis of dementia/Alzheimer disease; social isolation; and the number of T1 

ADL/IADL impairments (possible ranges of 0 to 14). Social isolation was measured with a 

question, “Looking back over the last year, who are the people you talked with most often 

about important things?” Those who said that they had no one were categorized as socially 

isolated. ADL or IADL impairments have been found to be significantly associated with 

depression in older adults and vice versa over time.37,38

Demographic covariates—These were age; sex (male versus female); race/ethnicity (all 

others versus non-Hispanic white); and education (a bachelor’s degree versus no bachelor’s 

degree).

Analysis Model

We used the svy procedures of Stata/MP 13 (Stata Corp., 2013) for data management and 

descriptive statistics to specify the NHATS complex sampling design and sampling weights. 

We used Mplus 7.1139 for the estimation of structural equation models (SEM) to test the 

primary study hypotheses, incorporating the NHATS sampling design and sampling 

weights: 1) cross-sectional association between depression and CVD at each wave; and 2) 

longitudinal reciprocal relationship between T1 depression and T2 CVD and between T1 

CVD and T2 depression. Because the CVD outcome was binary, the probit link function 

was used. Model fit was evaluated using root mean square error of approximation less than 

0.05,40 the comparative fit index greater than 0.95,41 and the Tucker-Lewis Index greater 

than 0.90.42 The initial model contained the following: 1) age, sex, race/ ethnicity, and 

education as time invariant covariates and T1 number of ADL/IADL impairments that were 
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modeled to affect both T1 CVD and T1 depressive symptoms; 2) T1 depressive symptoms, 

cancer and dementia diagnosis at each wave, and social isolation at each wave as time-

varying covariates were modeled to affect depressive symptoms at each wave. The initial 

model did not demonstrate adequate fit, however, and modifications were made based on 

theoretically viable additions to the model and modification indices. The final analysis 

model, as shown in Figure 1, was selected, with only the demographics (age, sex, race/ 

ethnicity, and education) as covariates. The exclusion of covariates other than the 

demographic variables did not affect the results of the primary hypotheses. To examine odds 

ratios for the binary CVD outcomes, we also fit the full information maximum likelihood 

SEM model with a logit link function, and provide logit regression results with odds ratios 

(Ors) and 95% confidence intervals (CIs). Given that a couple of previous studies also found 

the relationship between depression and CVD/CVD risk factors to be present in women but 

not in men,43,44 we also estimated sex effects in a multigroup model, with or without the sex 

equality constraints applied. We did not find any sex difference in the outcomes of interest. 

Thus we present the results of the sex-inclusive model only.

RESULTS

Sample Characteristics, Prevalence of CVD, and Depressive Symptoms

The respondents were, on average, 74.4 years old at T1; 44.2% male and 55.8% female; 

81.8% non-Hispanic white; and 28.6% reported a CVD diagnosis at T1 and 71.4% did not. 

As shown in Table 1, compared with those without a CVD diagnosis, those with a CVD 

diagnosis were older (75.98 ± 0.18 versus 73.82 ± 0.12, t = 10.09, df = 56, p <0.001); 

included a higher proportion of men (49.5% versus 42.1%, χ2
(1) = 24.74, p <0.001); 

included a higher proportion of non-Hispanic whites and a lower proportion of Hispanics 

(83.5% versus 81.1% for non-Hispanic whites and 4.8% versus 7.0 for Hispanics, χ2
(3) = 

10.27 for race/ethnicity, p = 0.035); and had less education (e.g., 20% versus 28.2% with a 

college degree, χ2
(3) = 54.03 for education, p <0.001).

Table 2 shows that 28.6% had a CVD diagnosis at T1. With respect to specific CVD 

conditions at T1, 23.7% reported having had a heart attack or heart disease, and 8.7% 

reported having had a stroke. In addition, at T1, 63.4% reported having hypertension; 

23.4%, diabetes; 18%, a cancer diagnosis; 1.8%, a dementia/Alzheimer disease diagnosis; 

5.8%, having no one to talk with; and 8.3%, current smokers. At T2, 6.6% reported a new 

CVD diagnosis (3.3%) or a new episode (3.3%). With respect to specific CVD conditions, 

4.9% reported having had a new diagnosis or new episode of heart attack or heart disease 

since T1, and 2.2% reported having had a stroke since T1. In addition, small proportions 

reported new diagnoses since T1 of hypertension (2.4%), diabetes (1.5%), and cancer 

(5.9%); 4% reported having no one to talk with; and 7.9% were current smokers at T2.

As shown in Table 3 and as expected, depressive symptoms were significantly higher among 

those with CVD than among those without CVD at T1 (3.19 ± 0.04 versus 2.75 ± 0.02, t = 

9.18, p <0.001). T2 depressive symptom severity was also significantly higher among those 

who had received a new CVD diagnosis or episode since T1 (3.42 ± 0.10) than among those 

who continued to be free of CVD (2.72 ± 0.03) or had not had any new episode since T1 

(3.03 ± 0.04) (F(2,55) = 71.70; p <0.001). Table 3 also shows that the depressive symptom 
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scores of those who continued to be free of CVD did not change between T1 and T2 (2.73 ± 

0.02 at T1 and 2.72 ± 0.03 at T1; t = 0.67, df = 56, p = 0.503), and the symptom scores 

decreased among those who reported a CVD diagnosis at T1 but no new episode at T2 (from 

3.12 ± 0.04 at T1 to 3.03 ± 0.04 at T2; t = 2.26, df = 56, p = 0.028). Symptom severity did 

not significantly change among those who had a new diagnosis or episode (from 3.35 ± 0.10 

at T1 to 3.42 ± 0.10 at T2; t = 0.48, df = 53, p = 0.630).

Results of Structural Equation Modeling

As shown in Table 4, as hypothesized, cross-sectional relationships between T1 depression 

and T1 CVD (Hypothesis 1a in Fig. 1: B = 0.43, SE = 0.05, Z = 9.42, p <0.001) and between 

T2 depression and T2 CVD (Hypothesis 1b in Fig. 1: B = 0.34, SE = 0.07, Z = 4.81, p 

<0.001) were significant. As also hypothesized, T1 CVD had significant impact on T2 

depressive symptoms (Hypothesis 2 in Fig. 1: B = 0.17, SE = 0.04, Z = 4.44, p <0.001), and 

T1 depressive symptoms had a significant impact on T2 CVD (Hypothesis 3 in Fig. 1: B = 

0.19, SE = 0.04, Z = 5.61, p <0.001). In the latter relationship, a 1-point increase in the 

depressive symptom score (e.g., from absence of depressed mood to experience of depressed 

mood several days during the preceding month, from several days to more than half the 

days, or from more than half the days to nearly every day) increased the odds of having a 

new CVD diagnosis or a new CVD episode by 21% (95% CI: 1.13–1.30). As also expected, 

T1 depressive symptoms significantly predicted T2 depressive symptoms (B = 0.44, SE = 

0.02, Z = 22.65, p <0.001), and T1 CVD was a significant predictor for a new CVD event at 

T2 (B = 0.89, SE = 0.13, Z = 7.00, p <0.001; OR: 2.44, 95% CI: 1.90–3.13). T1 CVD was 

significantly associated with all demographic covariates, with older age and being male 

increasing the odds of having a CVD diagnosis, and being nonwhite and having a college 

degree decreasing such odds. On the other hand, T1 depressive symptoms were not 

significantly associated with age, but they were significantly positively associated with 

being nonwhite and negatively associated with being male and having a college degree.

DISCUSSION

The findings of the present study based on two waves of panel data (1 year apart) show an 

extremely high prevalence of CVD and CVD risk factors (hypertension, diabetes, and/or 

smoking) among older adults. Depressive symptoms were higher among those with CVD 

than among those without CVD, and CVD and depressive symptoms had a reciprocal 

relationship. The extent of the effect of T1 depressive symptoms on the risk of T2 CVD was 

quite strong with each point increase on depressive symptom scores being associated with 

1.21-fold increased odds of a new CVD diagnosis or a new CVD episode. The effect of T1 

CVD on T2 depressive symptoms is also notable given that it was significant even after we 

adjusted for demographic factors and T1 depressive symptoms that tend to explain a large 

variance of T2 depressive symptoms. The findings provide further support for significant 

cross-sectional and longitudinal reciprocal relationships between cognitive/affective 

depressive symptoms and CVD in late life.

The study had the following limitations. First, the 1-year follow-up was a relatively short 

period in which to examine longer-term effects, as one previous study15 found that 
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depression and anxiety were more frequent at 5 years after stroke than at 6 months. Second, 

more detailed data on clinical characteristics and history of depression and the PHQ-9 

covering somatic as well as cognitive and affective dimensions of depression, rather than 

PHQ-2, would have allowed diagnosis of probable MDD and more in-depth analysis of 

depressive symptoms associated with CVD. Previous research suggested that severity, 

number of episodes, and duration of depression may moderate the relationship between 

depression and CVD.45 Third, T1 CVD diagnosis referred to that of lifetime (“ever,” 

without data on specific onset/date of the initial diagnosis). Although all hypothesized 

relationships between depressive symptoms and CVD were significant, data on the date of 

initial diagnosis would have allowed additional analysis taking disease duration into 

account. Fourth, although the overall attrition rates at T2 did not differ between those who 

had had a CVD diagnosis at T1 and those who had not, the higher mortality rate among 

those with CVD may have resulted in underestimating the strengths of the longitudinal 

relationships between CVD and depression as well as those between T1 and T2 CVD and 

depressive symptoms.

Despite these limitations, the study findings, based on a nationally representative sample of 

older adults, point to the importance of early identification of depressed older adults who are 

at risk of developing CVD and both prevention and treatment of depression and CVD at the 

same time in older adults. Modifiable risk factors for depression and CVD tend to be the 

same unhealthy life style choices—including smoking, heavy drinking, physical inactivity, 

and unhealthy eating habits—and psychosocial stressors.22,25,29,30,46,47 By helping older 

adults engage in healthy lifestyles, risks for both depression and CVD may be alleviated. A 

meta-analysis found that most cardiac rehabilitation programs delivered in the home for 

older adults can significantly mitigate depressive symptoms.48 In addition, the present study 

also points to the need to consider depression as a modifiable risk factor for CVD. Thus, 

instituting psychotherapeutic interventions (e.g., cognitive behavioral therapy, problem-

solving therapy, or interpersonal therapy to alleviate psychosocial stressors and improve 

coping skills) for depression prevention and treatment might be an important step to 

alleviating vulnerability to CVD among older adults, and these interventions may need to 

become important components of CVD prevention and management. Combined 

pharmacologic and psychotherapy treatments with chronic disease management may be 

more effective for reducing depressive symptom severity among CVD patients.49 Given the 

association between higher depressive symptom severity and withdrawal from telehealth 

treatment of heart failure among home care clients,26 treatment of depression among CVD 

patients may also improve adherence to CVD treatment. As depression treatment can also 

increase social role functioning among stoke patients,31 it may also lead to improvement in 

the overall quality of life among these older adults as well.

In sum, the findings of the present study show longitudinal reciprocal relationships between 

CVD and depression in late life and underscore that the care for older adults with CVD or 

depression needs to include interventions focusing on lifestyle factors that can reduce risks 

for both CVD and depression. Depression prevention and treatment also need to be an 

integral part of CVD prevention and management.
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FIGURE 1. Analytic model
Notes: H: Hypothesis.
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TABLE 1

Demographics and Functional Health Status at Time 1 (N = 5,414)

All (100%) With T1 CVD (28.55%) Without T1CVD (71.45%) p

Age in years, M (SE) 74.43 (0.10) 75.98 (0.18) 73.82 (0.12) <0.001

Age group (%) <0.001

 65–69 30.68 22.61 33.91

 70–74 26.13 23.91 27.01

 75–79 19.44 21.85 18.47

 80–84 14.01 18.30 12.30

 85+ 9.74 13.33 8.31

Sex (%) <0.001

 Male 44.23 49.54 42.11

 Female 55.77 50.46 57.89

Race/ethnicity (%) 0.035

 Non-Hispanic white 81.81 83.49 81.13

 Black/African American 8.22 8.51 8.10

 Hispanic 6.37 4.81 7.0

 All other 3.60 3.19 3.77

Education (%) <0.001

 <High school diploma 20.57 25.24 18.70

 High school diploma 27.64 27.24 27.80

 Some college 25.97 27.56 25.33

 Bachelor’s degree 25.82 19.96 28.17

No. of ADL/IADL impairment, M (SE) 0.93 (0.05) 1.36 (0.10) 0.76 (0.06) <0.001

Notes: All statistics are weighted. t = 10.09, df = 56, for age; χ2(4) = 113.39 for age group; χ2(1) = 24.74 for sex; χ2(3) = 10.27 for race/ethnicity; 

χ2(3) = 54.03 for education; and t = 5.87, df = 56, for the ADL/IADL impairment.

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2015 March 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Choi et al. Page 13

TABLE 2

Prevalence of CVD and CVD and Depression Risk Factors

T1 (2011) T2 (2012, new diagnosis/episode)

CVD (%) 28.55 6.56a

 Heart attack/heart disease 23.74 4.86

 Stroke 8.65 2.21

CVD and depression risk factors (%)

 Hypertension 63.39 2.39

 Diabetes 23.38 1.45

 Cancer 17.99 5.93

 Dementia/Alzheimer’s 1.81 1.37

 Social isolation 5.82 4.02

 Current smoking 8.30 7.88b

a
3.29% had no CVD diagnosis at T1 but received a new CVD diagnosis at T2, and 3.27% had a CVD diagnosis at T1 but had a new CVD episode 

at T2.

b
Includes those who continued to smoke and those who resumed smoking since T1.
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TABLE 3

Depressive Symptoms by CVD

T1 M (SE) T2 M (SE)

T1 (N = 5,396)

 Without CVD 2.75 (0.02)

 With CVD 3.19 (0.04)

t = 9.18; p <0.001

T2 (N = 5,371)

 No CVD 2.73 (0.02)a 2.72 (0.03)a

 With T1 diagnosis but no new diagnosis 3.12 (0.04)b 3.03 (0.04)b

 With new diagnosis/ episode of CVD 3.35 (0.10)c 3.42 (0.10)c

F (2,55) = 71.70; p <0.001 F (2,55) = 71.70; p <0.001

Multiple group comparisona a < b; a < c; b = c a < b < c

a
Bonferroni corrected; α < 0.05.
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