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ARTICLE INFO ABSTRACT

Ke}’W_OY ds ) Objectives: Secondary preventive care is important for monitoring the progression of cardiovascular disease
Cardiovascular disease (CVD) (CVD). However, the factors that promote secondary prevention were not well understood. This study addressed
Diagnosis . . s . . . . . T es s .
Preventive care utilization this gap by investigating the impact of CVD diagnosis on preventive care utilization among midlife adults. Given
Depression the high prevalence of depression among this population, it further examined whether depression interacted with
Moderation CVD diagnosis to affect preventive care utilization.

Methods: The study sample included 6,222 midlife adults from six waves of the National Longitudinal Survey of
Youth 1979 (NLSY79) collected between 2006 and 2016. Multiple logistic regressions were conducted to
examine the relationship between a CVD diagnosis and each of the five types of preventive care utilization:
influenza vaccinations, electrocardiography (EKG) and screening for high blood pressure, cholesterol, and blood
sugar. Depression was then added to examine its possible moderation effect.

Results: The results showed that midlife adults with a CVD diagnosis were more likely to utilize all five types of
preventive care services. EKG, the most relevant preventive care type with CVD diagnosis, had the largest
strength of likelihood. Depression strengthened the relationship between a CVD diagnosis and the utilization of
blood pressure tests, but it showed no associations with other four types of preventive care utilization.
Conclusions: The study findings indicate that a CVD diagnosis could serve as an opportunity for promoting
secondary preventive care utilization. Future research needs to explore how a CVD diagnosis affects different
population groups, and further explore the roles of depression.

1. Introduction

Cardiovascular diseases (CVDs) are leading causes of disability and
mortality among midlife and older adult populations in the United States
[1-3]. As a major health threat, CVD also increases public health
expenditure [4]. As such, the role of preventive medicine in preventing
the onset or monitoring the progression of CVD has been studied to
address this health concern [5,6]. Yet, despite the well-documented
effectiveness of preventive care [5], utilization of such preventive care
remains limited [7-9]. Therefore, it is important to further examine
possible influencing factors and associated mechanisms affecting pre-
ventive care utilization associated with CVD.

Cardiovascular disease also impacts people’s mental health.
Depression is more prevalent among people with CVD, and people with
depression are at risk of reduced motivation in health management ac-
tions [10]. This may be because individuals with depression are less
agile in adjusting to and managing the changes they experience after
CVD diagnosis. There are also reasons to examine how mental health
affects associations between CVD diagnosis and preventive care
utilization.

Given the growing incidences of midlife individuals living with CVDs
[11], this study aims to investigate the impact of a CVD diagnosis on
their preventive care utilization. Due to the high rate of depression
among those diagnosed with CVD, it further examines the role of
depression in moderating this relationship. Examining these
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associations will help contribute to developing more effective inter-
vention strategies for disease management and improve health out-
comes among this population. By investigating the impact of a CVD
diagnosis on preventive care utilization and the moderating effects of
depression on this impact, this study addresses several important gaps in
the literature. First, while existing research has examined the impact of a
CVD diagnosis on health behavior changes, most of these studies focus
on smoking cessation [12,13] or physical activities [12,14]. Second,
while evidence shows that adults with CVD and depression are at risk of
reduced medical adherence (Hare et al., 2014), it is less clear if such a
combination affects their preventive care use. As well, much of the
empirical work on CVD has focused on older adults, and studies inves-
tigating midlife adults’ preventive care utilization have been limited.
Yet studying the role of CVD diagnosis and depression in utilization of
preventive care services by midlife adults is critical for early detection
and intervention in managing symptoms and reducing the risk of future
complications.

2. Methods
2.1. Data source and study design
We used data from the National Longitudinal Survey of Youth

(NLSY79), a nationally representative study. The NLSY79 data includes
micro-information detailing respondents’ education, employment,
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marriage, physical health, and mental health, which is relevant to the
purposes of the current study. Respondents were interviewed annually
from 1979 to 1994 and biennially thereafter, with the most recent wave
(Wave 28) conducted in 2018. The total retention rate from 1979 to
2020 was 77%.

Table 1 illustrates the NLSY79 survey years and waves from which
the study sample was selected. Temporal order was established between
variables to help improve internal validity, as recommended in earlier
studies [15]. The questions on a CVD diagnosis, diabetes, hypertension,
and depression were asked when respondents turned 50, and de-
mographic variables were gathered when respondents turned 48 years
old. The five types of preventive care utilization were measured when
these respondents turned 52 years old. The final study sample includes
6222 participants.

2.2. Study variables

Preventive care services were selected based on the U.S. Preventive
Services Task Force’s 2014 Guide to Clinical Preventive Services [16]
including blood pressure, cholesterol, and blood sugar screening,
influenza vaccinations, and electrocardiography (EKG). Each of the five
variables is a combined variable collected from four waves covering
2010 through 2016. The question is “During the past 24 months, have
you had any of the following medical tests or procedures?” with binary
coding no (0) and yes (1).

The diagnosis of CVD was a self-reported binary variable based on the
question “Has a doctor ever told you that you had a heart attack, cor-
onary heart disease, angina, congestive heart failure, or other heart
problOems?” The variable was collected by combining four waves (2008
through 2014). The diagnosis status was binary coded into no (0) and
yes (1).

The depression variable was collected by combining four waves of
samples, covering 2008 through 2014. The seven-item short form of the
Center for Epidemiological Studies-Depression Scale (CES-D) was used
to measure depressive symptoms, such as no appetite, absent-
mindedness, depressive feelings, extra effort in doing things, troubled
sleep, sadness, and inability to get “going,” with Cronbach’s alpha
scoring 0.80 or better for various samples [17]. The cutoff point was set
at 6, which is the 3rd quartile of the total score. Thus, the reference
group of the “less severe” (scored 1-6) was contrasted with the highest
quartile of “severe” (scored 7-21). This cutoff point was chosen because
it showed the most contrasting results of the two categories.

Other covariates included gender (male or female — the data do not
have other options), education (high school or less, some college, and
college graduate or higher), marital status (married, separated, and
never married), health insurance (yes or no), family net income (median
and below, third quartile, fourth quartile), race/ethnicity (White, Black,
Hispanic, and other); with male, high school or less, married, no in-
surance, median family income and below, and White as the reference,
respectively.

Comorbidity variables included diabetes (yes or no) and hypertension
(yes or no). The diabetes and hypertension diagnoses were measured by

Table 1
NLSY79 sample with the time of data collection.

Survey years for samples collection (wave number)

Variables 2006 2008 2010 2012 2014 2016 Total
(22) (23) 24) (25) (26) 27) N
Covariates X X X X 6222
CVD & other X X X X 6222
diseases
Depression X X X X 6222
Preventive X X X X 6222

care

Note: “x” stands for the selection of study samples.
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similar questions, “Has a doctor ever told you that you had [the health
condition name]?”

2.3. Data analysis

After the descriptive analysis, multiple logistic regressions were
conducted to examine the main effect, that is, whether a CVD diagnosis
impacts utilization of each of the five preventive care services. Then, we
added depression to examine whether the main effect association was
moderated. The best model fit of the main effects was selected by
comparing Akaike information criterion and Bayesian information cri-
terion. Finally, we examined the sensitivity of the findings by using both
full information maximum likelihood (FIML) to impute missing data and
compared the results with those of the complete cases. Analyses were
conducted using R, version 4.2.0 [18].

3. Results
3.1. Sample characteristics

Table 2 shows the characteristics of the sample, consisting of 6222
midlife adults free of chronic diseases (diabetes, heart disease, high
blood pressure) before age 31.

Slightly over half of the participants were female (52.8%), married
(54.5%), without any college education (53.9%). The largest racial/

Table 2
Characteristics of the study sample (unweighted).

Variables Mean (Standard Number Missing data
Deviation) (Percentage) (Percentage)
Gender 4 (0.06)
Female 3282 (52.8)
Race/ethnicity 50 (0.8)
White, non-Hispanic 2656 (42.69)
Black 1887 (30.33)
Hispanic 983 (15.80)
Other 646 (10.38)
Marital Status 4 (0.06)
Married 3389 (54.5)
Separated/divorced/ 1877 (30.2)
widowed
Never married 952 (15.3)
Education 13.32 (3.35) 8 (0.13)
High school or less 3351 (53.9)
Some college 1353 (21.8)
College graduate or 1510 (24.3)
higher
Family income $69,687 754 (12.12)
(93,425)
1st and 2nd quartile 2725 (49.8)
3rd quartile 1357 (24.8)
4th quartile 1386 (25.3)
Poverty status 995 (18.2)
Insurance 16 (0.25)
Yes 5540 (89.3)
Poverty 754 (12.12)
Yes 995 (18.2)
CVD diagnosis 12 (0.19)
Yes 371 (6.0)
Hypertension 13 (0.21)
diagnosis
Yes 1335 (21.5)
Blood sugar 8(0.13)
diagnosis
Yes 582 (9.4)
Depression 3.85 (4.46) 58 (0.93)
Less severe 4875 (79.1)
Severe 1289 (20.9)
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ethnic group was non-Hispanic White (42.69%), followed by African
American (33.33%), Hispanic (15.80%), and other racial and ethnic
groups (10.38%). A poverty rate of 18.2% was reported among the
respondents.

Regarding the mental health and health conditions, the prevalence of
severe depressive symptoms was about 21% in the study sample, close to
a 10th of the participants (9.37%) reported a high blood sugar diagnosis,
more than one-fifth (21.50%) reported a diagnosis of hypertension, and
5.97% reported being diagnosed with heart problems. In terms of pre-
ventive care use, 49.67% of the participants had received influenza
shots, and 37.94% had EKG testing. The tests for blood cholesterol,
blood sugar, and blood pressure levels were 76.17%, 72.82%, and
91.83%, respectively.

3.2. Primary outcomes

The average response rate from 2006 to 2016 (6 waves) was 79.2.
Given the proportion of missing data (12.12% for family income and
poverty, n = 754), we examined the data nonresponse pattern. The re-
sults with complete cases were compared with results from imputation
with the full information maximum likelihood (FIML). Similar patterns
appear for the results with complete cases and those from FIML impu-
tation. Results from FIML imputation are reported.

Table 3 shows the results from the logistic regression of the rela-
tionship between cardiovascular disease and the five types of preventive
care utilization. CVD diagnosis on blood sugar test and blood pressure
test was significant at p < 0.01, whereas significance was demonstrated
at p < 0.001 on EKGs, cholesterol tests, and influenza vaccinations. A
CVD diagnosis was associated with 3.8 times (OR = 3.80, 95% confi-
dence interval [CI] = 2.96-4.88, p < 0.001) more likely to receive EKG
tests compared to those who do not have CVD. In the order of magnitude
of the associations, the association with EKG was the strongest, followed
by blood pressure tests (OR = 2.56, 95% [CI] = 1.41-4.67, p < 0.01),
cholesterol tests (OR = 1.83, 95% [CI] = 1.32-2.53, p < 0.001), influ-
enza vaccinations (OR = 1.60, 95% [CI] = 1.26-2.03, p < 0.001), and
blood sugar tests (OR = 1.49, 95% [CI] = 1.11-2.02, p < 0.01).

As covariate variables on medical conditions, both high blood sugar
and hypertension diagnoses were significantly associated with all five
types of preventive care utilization. Female respondents, those with
college education, and those with health insurance were more likely to
use most preventive care services than their counterparts.

3.3. Moderating effect

Table 4 illustrates the model estimation of the joint impact of a CVD
diagnosis and depression on preventive care utilization.

The interaction impact of depression and CVD was statistically sig-
nificant for blood pressure tests (B = 4.98, 95% CI= 1.03, 24.04, p <
0.05) (Table 5). As displayed in Fig. 1, at the lower level of depression,
having CVD only slightly raised the utilization coefficients. Yet for se-
vere cases of depression, having CVD correlated with a large increase in
blood pressure tests. These results showed that depression strengthened
the relationship between a CVD diagnosis and blood pressure testing.

Table 3
Percentage on receiving five types of preventive care screening stratified with
CVD diagnosis and depression.

Flu Cholesterol ~ Blood Sugar  Blood Pressure  EKG
No Diagnosis 48.94 75.65 72.31 91.54 35.97
With Diagnosis ~ 60.65  84.51 81.13 96.50 68.38
Less Severe 48.48  76.50 72.73 91.96 35.90
Severe 54.07 7494 73.40 91.31 45.32
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4. Discussion

It is a concerning public health issue that 10-30% of the individuals
with CVD diagnosis did not get routine testing performed for blood
pressure, glucose, and cholesterol tests. Table 3 showed that the CVD
diagnosis is associated with pronounced increases in all five types of
preventive care utilization. This study highlights the positive impact on
the likelihood of preventive care utilization of a cardiovascular disease
diagnosis, with depression providing moderating effects on the rela-
tionship. After adjusting for multiple demographic and socioeconomic
variables, the analysis found that a CVD diagnosis significantly
increased the likelihood of midlife adults’ preventive care utilization,
with the strongest impact on the use of EKG test. This result is congruent
with the assumption that a health event can be a teachable moment in
health behaviors [19]. Fig. 2 shows the sequences of the strengths of
influences of CVD diagnosis and its two comorbidities, which repeated
this interesting pattern: while a health event may enhance different
types of preventive care utilizations, the most relevant preventive care
services were enhanced with the highest strength. Thus, a diagnosis of
hypertension demonstrates the greatest impact on blood pressure test
and high blood sugar diagnoses entail largest impact on blood sugar test.
In comparison with prior studies [20,21], the present research contrib-
utes to literature by expanding the scope to include blood sugar, blood
pressure tests, and EKG, with all of which being crucial for secondary
prevention of CVD. Therefore, these results show that positive impacts of
a diagnosis can happen on a spectrum of preventive care utilization that
is broader than prior research has indicated.

The logistic regression analysis also revealed a significant interaction
impact of a CVD diagnosis with depression on the likelihood of blood
pressure tests. Specifically, when depression was more severe, the odds
of blood pressure test utilization associated with a CVD diagnosis were
higher, controlling for other variables in the model. Contrary to the
proposition of the cognitive model of depression [22,23] that depression
reduces the impact of diagnosis on positive health behaviors, the finding
from the present study corroborates with other studies that show
depression might increase a patient’s contact with the healthcare system
[21,24,25]. Similar findings revealed that depression was related to
more hospital admissions [25-27]. Such similar findings indicate that
for people with severe depression, possibly due to the reduction of
cognitive function associated with depression, doctors’ visits may
become more relying on other factors, such as the patients’ social
network or other supporting systems. Such evidence suggests the
cognitive theory of depression may have limitations in overestimating
the roles cognition plays in influencing the preventive care utilization
behaviors of the people with a CVD diagnosis and depression. Further
studies are needed to examine the roles of these patients’ social network
and other factors in their preventive care utilization.

This study is one of the few to study the ensuing, yet transformative,
impacts of a CVD diagnosis on people’s adoption of health behaviors in
the form of preventive care utilization [21,24,25]. It holds a dialectic
importance that shows the positive end, as in the increased preventive
care utilization, of a negative start, as in the CVD diagnosis. Given the
high prevalence of CVDs and other chronic diseases among midlife and
older adults [11], the results of our study have important practice and
policy implications. In addition, the findings on the role of depression
that differ from the propositions from the cognitive theory of depression
may not only be an empirical anomaly from the theory. Rather, these
findings may be the manifestation of the theoretical limitation of the
cognitive theory of depression in its overlook of social relations or other
factors that enhance the preventive care behaviors of people with
depression and with CVD. Therefore, the study helps inform the future
theoretical development in this area.

Therefore, the key results of this study point to several other di-
rections for future research. First, incorporating an inclusive list of
health behaviors in the same study with preventive care utilization can
help us understand the disparities of health behaviors more
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Table 4
Results from logistic regression on the relationship between a CVD diagnosis and preventive care utilization.
Variables Influenza vaccination Cholesterol test Blood sugar test Blood pressure test Electrocardiography
Gender
Female 1.27 1.47 1.20 1.91 1.03
(1.14, 1.42) *** (1.28, 1.68) *** (1.05, 1.36) ** (1.55, 2.37) *** (0.92,1.16)
Race/ethnicity
(White, non-Hispanic)
Hispanic 1.09 1.12 1.38 0.75 1.18
(0.93,1.28) (0.92, 1.36) (1.14, 1.67) *** (0.56, 1.00) * (0.99, 1.40) "
Black 0.87 1.20 1.61 1.27 1.58
(0.76, 1.00) © (1.01,1.43) " (1.36, 1.90) *** (0.97, 1.66) " (1.37, 1.82) ***
Other 1.01 0.84 0.93 0.76 1.11
(0.83,1.21) (0.67, 1.04) (0.76, 1.15) (0.54, 1.06) (0.92, 1.36)
Marital Status
(Married)
Never married 1.05 0.82 0.78 0.67 1.01
(0.88, 1.26) (0.66, 1.01) (0.64, 0.96) * (0.49, 0.91) * (0.84,1.22)
Separated/divorced/widowed 1.03 0.9 0.99 0.80 1.13
(0.90, 1.19) (0.80, 1.12) (0.84,1.17) (0.61,1.03) " (0.98, 1.31)
Education
(High school or less)
Some college 1.08 1.19 1.22 1.48 1.10
(0.94, 1.24) (1.00, 1.41) (1.04,1.44) * (1.12, 1.96) ** (0.95, 1.28)
College graduate or more 1.51 1.38 1.27 1.65 1.13
(1.30, 1.75) *** (1.13, 1.67) *** (1.07, 1.52) ** (1.18, 2.31) ** (0.97,1.32)
Family income
(1st and 2nd quartile)
3rd quartile 1.09 1.32 1.25 1.47 1.05
(0.93,1.28) (1.09, 1.59) (1.04, 1.50) * (1.08, 1.99) * (0.90, 1.24)
4th quartile 1.17 1.85 1.60 2.22 1.28
(0.98, 1.40) * (1.48,2.32) " (1.30, 1.97) *** (1.50, 3.28) *** (1.06, 1.54) **
Living in poverty 1.03 0.98 0.94 0.86 1.23
(0.87,1.22) (0.81, 1.19) (0.78,1.13) (0.66, 1.12) (1.03, 1.46) *
Having health insurance 2.61 3.56 2.95 3.40 2.00
(2.13, 3.20) *** (2.93, 4.33) *** i (2.66, 4.36) *** (1.62, 2.48) ***
CVD diagnosis 1.60 1.83 2.56 3.80
(1.26, 2.03) (1.32, 2.53) (1.11, 2.01) ** (1.41, 4.67) ** (2.96, 4.88) ***
Blood sugar diagnosis 1.41 1.73 3.41 1.58 1.53
(1.16, 1.70) *** (1.33, 2.25) *** (2.51, 4.62) *** (1.04, 2.40) * (1.26, 1.86) ***
Hypertension diagnosis 1.26 2.07 1.99 2.44 1.41
(1.10, 1.45) *** (1.72, 2.49) *** (1.67, 2.37) *** (1.77, 3.35) *** (1.23, 1.62) ***
Notes: Adjusted Odds Ratio (Confidence Intervals) was presented in the table above;.
“kEr p < 0.001; “**’ p < 0.01; “*” p < 0.05; “” p < 0.10.
Table 5
Moderation effects of depression.
Flu vaccination Cholesterol test Blood sugar test Blood pressure test Electrocardiography
CVD 1.56 ** 1.63 * 1.20 1.54 3.67
(1.13,2.14) (1.06, 2.49) (0.82,1.75) (0.79, 3.01) (2.64, 5.09)
DEP 1.29 *** 0.95 1.01 1.02 1.36
(1.11, 1.50) (0.79,1.13) (0.84, 1.20) (0.78,1.33) (1.17, 1.59)
CVD x DEP 0.98 1.48 1.70 " 4.98 * 1.00
(0.60, 1.61) (0.75, 2.91) (0.91, 3.17) (1.03, 24.04) (0.59, 1.68)
McFadden’s Pseudo R? 0.0348 0.0816 0.0715 0.1199 0.0435
Nagelkerke R? 0.0628 0.1282 0.1162 0.1513 0.0762

Notes: Adjusted odds ratio (CIs) was presented in the table above; CVD: cardiovascular disease; DEP: depression; Control variables were included in all analyses.

% p < 0.001; “**’ p < 0.01; “*” p < 0.05; “” p < 0.10.

comprehensively. Second, individuals’ social relation changes and their
communication with medical professionals might be the unexamined
mechanisms that mediate a CVD diagnosis and preventive care utiliza-
tion. Such possible mechanisms of influence can all be formulated into
more nuanced study designs to further explore the potential channels
and mechanisms of influence.

The findings imply that following up after visits and sessions with
midlife adults with recently diagnosed CVD may positively influence
their preventive care utilization when they may be particularly receptive
to health suggestions and behavioral changes. Primary healthcare pro-
viders can conduct brief training sessions to patients following the
diagnosis. Doctors’ recommendations and explanations on the relevance
of preventive care services are needed in clinical settings. Given the

possibility that severe depression can strengthen the relationship be-
tween a CVD diagnosis and preventive care utilization, health practi-
tioners are recommended to note possible differing functions of the
social support systems of patients with different levels of depression.
Based on the same result, for people with CVD, screening for depression
is recommended so that the positive turn of the doubling of diseases can
be taken in its full.

5. Limitations
This study has several limitations. First, questions from CES-D

measured the state of depressive symptoms occurring the week before
each wave of interviews. Such a state of depressive symptoms could
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Fig. 1. Moderating effect of depression on the relationship between CVD and blood pressure test utilization.
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Blood pressure test
Blood sugar test
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M Blood suger diagnosis

B CVD diagnosis

Fig. 2. Preventive care utilization of CVD, hypertension, and high blood sugar diagnosis in odds ratios (OR).

reflect more on most recent events rather than a trait. Or, if traumatic
brain injury and/or stroke caused depression [28], depression may not
have a cognitive influence due to reduction of brain functions. Second,
CVD diagnoses in NLSY79 included multiple CVD symptomologies in
one question: cardiac infarction, angina, coronary heart disease, and
other heart problems. Therefore, we could not differentiate the impact of
CVD symptomology. Therefore, different CVD types should be studied in
the future. Third, it should be noted that self-reported variables were
prone to memory errors and biases, although the chronic disease di-
agnoses and preventive care utilization in this study all had binary an-
swers, which helped reduce memory errors. Future research that uses
more objective measures needs to be conducted.

6. Conclusion

The study findings indicate that a CVD diagnosis significantly in-
creases the likelihood of preventive care utilization. This indicates that
the time period after a CVD diagnosis offers potential opportunities for
promoting secondary preventive care utilization. The reasons for the
associations uncovered here are likely complex, and additional studies
are needed to further explore the role of depression and other factors
that possibly moderate this relationship.
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