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Purpose: This study examined trends in the prevalence of cardiovascular disease (CVD) and CVD risk
factors among U.S. older adults and workers. We also investigated correlations between the temporal
prevalence of CVD and selected risk factors (hypertension, obesity, physical inactivity, smoking, and
treated diabetes) among participants.
Methods: Data were obtained from the National Health Interview Survey (2004e2018) for U.S. adults
aged greater than or equal to 50 years (n ¼ 207,539), of which 84,180 were employed. Temporal trends in
prevalence were assessed by fitting weighted regression models to the age-standardized prevalence to
the 2010 U.S. population. The relationship between temporal prevalence of CVD with each risk factor was
assessed using Spearman's correlation coefficient.
Results: Among all older adults, the prevalence of CVD significantly declined (b ¼ �0.16, P < .001) during
2004e2018; similar decline was observed among employed adults (b ¼ �0.16, P ¼ .001). Temporal
prevalence in CVD was positively correlated to physical inactivity (r ¼ 0.73, P ¼ .002) and smoking (r ¼
0.81, P < .001), but not to any of the other risk factors.
Conclusions: Among employed adults aged greater than or equal to 50 years, the prevalence of CVD,
physical inactivity, and smoking dramatically declined over the past 15 years. The temporal decline in
prevalence of CVD was significantly associated with decline prevalence of physical inactivity and
smoking.
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Introduction

Cardiovascular disease (CVD), including coronary heart disease
and cerebrovascular disease (stroke), has been the leading cause of
death in the United States during the past century [1,2]. A report by
the U.S. Centers for Disease Control and Prevention showed that the
U.S. death rate from CVD reached a peak in 1950 and it declined 60
percent between 1950 and 1999 [2]. Another cohort study reported
that the U.S. death rate for heart disease declined 68 percent from
1969 to 2014 [3]. Themajor risk factors for CVD have been known to
include clinical factors (hypertension, diabetes, high blood choles-
terol), behavioral factors (obesity, physical inactivity, smoking, and
unhealthy diet), and age [1].

CVD is prevalent among the working population in the United
States [4]. CVD morbidity and mortality in the workplace has
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resulted in lost productivity which amounts to an annual loss of
$120 billion dollars [5]. The National Institute for Occupational
Safety and Health reported that CVD is a leading cause of death and
permanent disability amongworkers, resulting in an average loss of
seven years of life expectancy [6]. The National Institute for Occu-
pational Safety and Health study revealed that workers in certain
occupations and industry groups were at higher risk of CVD.
Workers in community or social services and in transportation or
material moving had the worst cardiovascular health among 22
occupational groups [6], andworkers aged younger than 55 years in
wholesale trade and in public administration sectors had the
highest prevalence of CVD among 20 industry groups [7].

We aimed to 1) investigate trends in the prevalence of CVD
among U.S. adults (aged 50 years and older) by employment status
(employed, unemployed, not in the labor force) during a 15-year
period (2004e2018), 2) analyze the trends of selected CVD risk
factors (hypertension, obesity, physical inactivity, smoking, and
treated diabetes) among U.S. workers during this study period, and
3) investigate which risk factors were correlated with CVD by
comparing the trends of the CVD risk factors to that of CVD.
Methods

Data

CVD prevalence data were compiled from the National Health
Interview Survey (NHIS) (2004e2018), conducted by the Centers
for Disease Control and Prevention's National Center for Health
Statistics. The NHIS is the principal source of information on the
health of the civilian noninstitutionalized population of the United
States. It is a representative cross-sectional survey of in-person
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Fig. 1. Temporal trends in prevalence of CDV among U.S.
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household interviews conducted annually. Extensive details about
the questionnaire, methodology, data, and documentation are
available on the NHIS website https://www.cdc.gov/nchs/nhis/?#.

For the current analyses, we used data from the NHIS core
questionnaires (Sample Adult, Family) collected over a 15-year
period spanning from 2004 to 2018. The total number of adult re-
spondents during 2004e2018 was 444,743 (an average response
rate of 80.1%), of which 207,539 were adults ages 50 years and older
(our analytic sample size).

Employment status

We classified the older adults into three categories based on
employment status: employed (current workers, n ¼ 84,180), un-
employed (n ¼ 4676), and not in the labor force (n ¼ 118,683). The
employed were paid workers who were ‘working at a job or busi-
ness’ or ‘with a job or business but not at work’ during the week
before their interview. The unemployed were those who were not
working and looking for job. Persons classified as not in the labor
force were neither working at a job nor looking for work such as
retirees, persons at home due to household responsibilities, ill
health, or disability and other similar reasons.

CVD and risk factors

The NHIS questionnaire collected information from participants
on CVD and risk factors for CVD (hypertension, treated diabetes,
physical inactivity, smoking, and obesity). Prevalence of CVD was
based on the number of adults who reported that they had ever
been told by a doctor or other health practitioner that they had
coronary heart disease, angina pectoris, heart attack, any kind of
13 14 15 16 17 2018
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Unemployed

Employed
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0.18, p=0.002 for Not in Labor Force
0.18, p=0.032 for Unemployed
0.16, p=0.001 for Employed
0.16, p<0.001 for All

oder adults (age � 50 years) by employment status.
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heart condition or disease, or stroke. Hypertension was based on
those who reported that they had ever been told by a doctor or
other health professional that they had high blood pressure.
Treated diabetes was defined as those who reported that they were
taking diabetic pills or taking insulin by shot or pump to lower their
blood sugar. Physical inactivity was defined as not participating in
any leisure-time aerobic activity that lasted for at least 10 minutes.
Smoking was defined as currently smoking cigarettes every day or
some days and more than 100 cigarettes in entire life. Obesity was
defined as having a body mass index (BMI) higher than 30 kg per
m2.

Data analysis

To account for the complex survey design, all prevalence esti-
mates (%) were weighted using the NHIS individual sample adult
weights and the estimates were age standardized to the 2010 U.S.
population. Prevalence estimates were age standardized to the
2010 U.S. worker population estimates by Bureau of Labor Statis-
tics, using five age groups: 50e54, 55e59, 60e64, 65e69, and 70þ
years. Temporal trends in CVD and the selected risk factors were
assessed by fitting weighted regression models to the age-
standardized prevalence. The temporal relationship between the
prevalence of CVD and each risk factor was assessed using
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Spearman's correlation coefficients. SAS-callable SUDAAN, v11 was
used for statistical analyses. All reported P-values were two-sided,
and a P-value of less than .05 was considered statistically
significant.

Results

Among all U.S. older adults, the age-standardized prevalence of
CVD gradually declined (b ¼ �0.16, P < .001) between 2004 and
2018 (Fig. 1). The slopes of the prevalence of CVD for those
employed and not in the labor force (b ¼ �0.16, P ¼ .001 and
b ¼ �0.18, P ¼ .002, respectively) were similar to those for all older
adults.

Figure 2 presents temporal trends in prevalence of CVD and CVD
risk factors among employed U.S. older adults. The age-
standardized prevalence of CVD, physical inactivity, and smoking
significantly declined during the study period (b ¼ �0.16, P ¼ .001;
b ¼ �1.08, P < .001; b ¼ �0.34, P < .001, respectively), whereas the
prevalence of hypertension, obesity, and treated diabetes increased
(b ¼ 0.17, P ¼ .038; b ¼ 0.42, P < .001; b ¼ 0.21, P < .001, respec-
tively). The prevalence of physical inactivity was drastically
reduced from 38% in 2004 to 24% in 2018.

Spearman correlation coefficient between the prevalence of
CVD and the CVD risk factors was as follows: physical inactivity (r¼
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kers (age �50 years). Spearman correlation coefficient between the prevalence of CVD
0.81, P < .001), treated diabetes (r ¼ �0.43, P ¼ .108), hypertension (r ¼ �0.24, P ¼ .388),
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0.73, P ¼ .002), smoking (r ¼ 0.81, P < .001), treated diabetes
(r¼�0.43, P¼ .108), hypertension (r¼�0.24, P¼ .388), and obesity
(r ¼ �0.57, P ¼ .028). Correlation coefficients indicated that decline
in CVD was positively correlated to decline in physical inactivity
(r ¼ 0.73, P ¼ .002) and smoking (r ¼ 0.81, P < .001). Temporal
prevalence of CVD was found to be inversely correlated to that of
obesity (r ¼ �0.57, P ¼ .028), which is contrary to our expectation.

Discussion

In this study, we investigated temporal trends in CVD and CVD
risk factors for the U.S. adults aged 50 or older (overall, and by
employment status). The prevalence of CVD had dropped 2.5%
between 2004 and 2018. The 2.5% drop means that approximately
142,000 fewer workers were diagnosed with CVD in 2018 than in
2004 based on the U.S. 2010 standardized population. As expected,
the decline in prevalence of CVD and that of physical inactivity and
smoking were highly and significantly correlated because the
prevalence of both physical inactivity and smoking also signifi-
cantly decreased during the same period.

Although the prevalence of physical inactivity and smoking
decreased, the prevalence of hypertension, another major risk
factor for CVD, increased during the study period. We noticed,
however, that in 2014e2018, the mean prevalence of hypertension
leveled off around 40% and the mean prevalence of treated hyper-
tension was 33% during the same period (Fig. 2). Therefore, we can
infer that approximately 83% (i.e., 33%/40%) of older workers with
hypertension were prescribed and taking medication to lower
blood pressure during that period. The proportion of treatment for
hypertension in recent years was an improvement compared with
that in the late of 1990s, when only 55% were reported as being
treated [8,9].

We observed an inverse correlation between the prevalence of
obesity and CVD. When obesity is measured as BMI, and those with
higher BMI have fewer cardiovascular events or less mortality than
those with lower BMI, this unusual finding has been termed the
‘obesity paradox’ [10e13]. Flegal et al. showed that the obesity
paradox occurred in older persons [10]. This is one possible
explanation for the inverse correlation observed between obesity
and CVD in our study because the sample comprised many older
workers (age �50 years). Another explanation is that because
obesity was assessed as BMI greater than or equal to 30 kg per m2,
this measurement does not truly assess an excess of fat mass; it
may actually assess an increased amount of lean mass [14].
Nevertheless, obesity is a well-known public health problem and
needs effective interventions. It has been suggested that there
should be amore aggressive public health campaign against obesity
which could include higher taxes on sugary drinks and refined
foods among other strategies [15]. This campaign could specifically
target certain segments of the population that may have higher
consumption of less nutritious food and drink, such as blue-collar
workers, persons at the lower end of the socioeconomic ladder,
those working irregular shift schedules, and those who are obese
and morbidly obese [6,7,16].

The overall trends of CVD and CVD risk factors among older
workers mask important differences in trends of prevalence by
occupational or industry groups. Occupational or industry groups
have unique working environments, and their causes or treatment
for CVD may differ. For example, Shockey et al. [6] reported that
workers in transportation and material moving had the highest
prevalence of hypertension, obesity, and physical inactivity,
whereas those in personal care and service had highest levels of
blood glucose, and those in farming, fishing, and forestry had the
poorest dietary habits. To continue to reduce the burden of CVD,
there should be collaboration between the employer and
81
employees in each occupational environment to develop specific
prevention strategies in addition to the individual efforts of
workers.

There are a few limitations that must be considered in this
study. Because linear regression was applied to see the temporal
trends for the entire period, there is a potential to overlook the
change (increase, decrease, or no change) of prevalence in certain
specific periods. For example, we see that the overall trend in
prevalence of CVD (b ¼ �0.16) (after analysis in linear regression)
decreased over the study period 2004e2018. However, after anal-
ysis in joinpoint regression (data results not shown here), the trend
in prevalence of CVD looked flat during 2004e2010 (b ¼ �0.04),
rapidly decreased during 2010e2013 (b ¼ �0.67), and increased
during 2013e2018 (b¼ 0.18). Because the prevalence of CVD or CVD
risk factors was based on self-reported responses, it may be subject
to recall bias. It is also possible that several members of high-risk
groups did not participate in the survey and that may have
underestimated the prevalence. In addition, because of the limits of
the data source, we did not investigate other risk factors for CVD,
such as dietary habits and medical history (prior history of CVD,
clinical treatments by specialists and health care providers, emer-
gency medical services, etc.) [2]. Treatment for high cholesterol is
one of the key elements for reducing CVD risk. Because the NHIS
data 2004e2013 did not ask if the participants had taken medica-
tions to lower lipids or blood pressure, we were unable to include
this information in our analysis. For the employed adults, we
should have considered occupational risk factors of CVD, such as
shift work schedules, work-related stress, severity of workload,
total work hours, the organizational environment, and so forth.

Despite these limitations, to our knowledge, this is one of few
studies investigating the association between CVD and associated
risk factors over the past 2 decades and the only one that used
nationally representative data of the working population with a
high response rate (80%). This analysis of a nationally representa-
tive sample of older workers with information on CVD status and
CVD risk factors provides a meaningful reference for future
research on heart disease or stroke. Additional years of data on
other CVD risk factors are needed to improve our ability to un-
derstand these temporal trends and their relationships with CVD.
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