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A B S T R A C T

Objective: The prevalence of atherosclerotic cardiovascular disease (ASCVD) in younger adults has increased over
the past decade. However, it is less well established whether patient reported outcomes differ between younger
and older adults with ASCVD. We sought to evaluate age-specific differences in patient reported outcomes among
adults with ASCVD.
Methods: This was a retrospective cross-sectional survey study. We used data from the 2006–2015 Medical
Expenditure Panel Survey (MEPS), a nationally representative sample of the United States population. Adults �18
years with a diagnosis of ASCVD, ascertained by ICD9 codes or self-reported data, were included. Logistic
regression was used to compare self-reported patient-clinician communication, patient satisfaction, perception of
health, emergency department (ED) visits, and use of preventive medications (aspirin and statins) by age category
[Young: 18–44, Middle: 45–64, Older: �65 years]. We used two-part econometric modeling to evaluate age-
specific annual healthcare expenditure.
Results: There were 21,353 participants included. Over 9000 (42.6%-weighted) of the participants were young or
middle aged, representing ~9.9 million adults aged <65 years with ASCVD nationwide. Compared with older
adults, middle-aged and young adults with ASCVD were more likely to report poor patient-clinician communi-
cation [OR 1.73 (95% CI 1.28–2.33) and 2.49 (1.76–3.51), respectively], poor healthcare satisfaction, and poor
perception of health status, have increased ED utilization and were also less likely to be using aspirin and statins.
The mean annual healthcare expenditure was highest among middle-aged adults [$10,798 (95% CI, $10,012 to
$11,583)].
Conclusion: Compared with older adults, younger adults with ASCVD were more likely to report poor patient
experience and poor health status and less likely to be using preventive medications. More effort needs to be
geared towards understanding the age-specific differences in healthcare quality and delivery to improve outcomes
among high-risk young adults with ASCVD.
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1. Introduction

Although advanced age is the most significant risk factor for athero-
sclerotic cardiovascular disease (ASCVD), the prevalence of ASCVD in
younger adults has increased over the past decade [1,2]. Despite the
overall decrease in mortality from ASCVD in the United States (U.S.) over
the last few decades, this trend has not been seen in younger adults [3–6].
Hospitalizations from acute myocardial infarction (MI) among younger
adults have not declined [7], and an increase in cardiometabolic risk
factors has been suggested to contribute to the growing incidence of
ASCVD in the younger population [1,7,8]. Furthermore, young adults
with ASCVD are at high risk of recurrent cardiovascular events and
require aggressive secondary prevention management, which is facili-
tated by good clinician-patient partnerships in optimizing health care
delivery [9,10].

Even though age is thought to influence an individual’s perception
about healthcare communication [11], it is less well established whether
patient reported outcomes (PROs) differ between younger and older
adults with established ASCVD. This provides an opportunity for more
research and intervention among this understudied population. In this
study, we used a nationally representative dataset to compare
age-specific differences in PROs among individuals with ASCVD.

2. Methods

2.1. Study design and sampling

The Medical Expenditure Panel Survey (MEPS) database was used to
conduct this retrospective study. The MEPS is cosponsored by the Agency
for Healthcare, Research and Quality (AHRQ) and the National Center for
Health and Statistics [12]. It is released annually and contains nationally
representative information on sociodemographic characteristics, medical
conditions, prescribed medicines, healthcare expenditure, and payer
Fig. 1. Flow chart of the patient sele
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sources in different data files, with every participant having a unique
person identifier [13–15]. To account for survey non-response, person--
weight and variance estimation stratum are assigned to each MEPS
participant, as described elsewhere [12]. Further description of the MEPS
is discussed in the Supplementary Online Brief.

To carry out this study, we merged three different yearly MEPS files:
full-year consolidated data files (contains information on sociodemo-
graphic characteristics, health resource utilization and patient experi-
ence), medical conditions files (contains International Classification of
Diseases, 9th Edition, Clinical Modification (ICD-9-CM) diagnoses of med-
ical conditions), and the prescription medication files, using a unique
person identifier, to provide specific information on each respondent. Per
the Department of Health and Human Services guidelines, this study was
exempt from Institutional Review Board review because it was conducted
using a de-identified publicly available dataset.

To generate more robust estimates, we pooled information from 2006
to 2015 MEPS data (Fig. 1) and included individuals �18 years of age
with a diagnosis of ASCVD (coronary artery disease, stroke, and/or pe-
ripheral artery disease, ascertained by self-report or any of the following
ICD-9-CM codes: 410, 413, 414, 433–437, 440 and 443, respectively) and
had assigned weights, so as to generate nationally representative results.
2.2. Study variables

2.2.1. Patient-clinician communication
Incorporated in the MEPS questionnaires is the Consumer Assessment

of Healthcare Providers and Systems (CAHPS) survey, which assesses
questions related to patient healthcare experience. As described in prior
studies, we used the responses to the four communication-related ques-
tions recommended by the CAHPS consortium to evaluate patient-
clinician communication (PCC): (a) How often health providers
explained things in a way that was easy to understand? (b) How often
providers showed respect for what you had to say? (c) How often
ction process, MEPS 2006–2015.
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providers spent enough time with you? (d) How often providers listened
carefully to you? [16–18]

Using a 4-point Likert scale system, the responses were graded as: 1-
never, 2-sometimes, 3-usually, and 4-always. As recommended by the
CAHPS group, we combined “never” and “sometimes” responses into a
single variable “never/sometimes” [16]. Hence, the responses were
relabeled as 1-never/sometimes, 2-usually, and 3-always (Supplemental
eTable 1). These responses were totaled to give a communication score
ranging from 4 to 12 and a weighted average response from 1 to 3 was
generated, labeled as 1 - “Poor PCC”, 2 - “Average PCC”, 3 - “Optimal
PCC”. Subsequently, “Average” and “Optimal” PCC were combined to
yield a binary variable (Poor PCC vs. Average/Optimal PCC), with poor
PCC being the outcome of interest. Similar methodology have been used
in prior studies [13,17–19].

2.2.2. Patient satisfaction
The question “Rating of healthcare from all doctors and other health

providers”, from the MEPS questionnaire was used to assess patient
satisfaction with healthcare. It is graded from 0 (worst health care
possible) to 10 (best health care possible). As shown in prior studies, this
variable was classified into two categories: “Poor Patient Satisfaction”
(scores �0 to �3) or “Excellent/Good Patient Satisfaction” (scores �4 to
�10), with poor patient satisfaction as the outcome of interest [13].

2.2.3. Secondary preventive medication usage
Aspirin and statin therapy have a well-established role for the sec-

ondary prevention of ASCVD. The variation in reporting of medication
usage across the various age brackets was used as a quality of care in-
dicator [13]. Information such as prescribed medicines, and pharma-
cy/drug stores from which these medications were obtained were
collected from the MEPS respondents. With the consent of the MEPS
participants, the collected information was verified and additional in-
formation on medications, were collected from the drug stores and
pharmacies [17]. This information is available in the MEPS Prescribed
Medicine Files [12]. Statins were coded as 3-hydroxy-3-methylglutaryl
coenzyme A reductase inhibitors and lipid lowering medications con-
taining a 3-hydroxy-3-methylglutaryl coenzyme A agent [13,17]. For
aspirin usage, an individual’s response (Yes/No) to the question: “does
the person take aspirin frequently?” was used [13].

2.2.4. Perception of health status
MEPS participants were asked to evaluate their general health, with

the responses provided on a 5-point Likert scale: 1-excellent, 2-very good,
3-good, 4-fair, and 5-poor. We divided these responses to give a binary
variable: fair and poor responses combined as a single variable labeled as
“Poor”, and excellent, very good and good responses combined and
labeled as “Good. “Poor” perception of general health was used as the
outcome of interest.

2.2.5. Depression risk
We also evaluated risk for depression among study participants

without a diagnosis of depression (ICD-9 code 311). We used the re-
sponses to the questions on the Patient Health Questionnaire-2 scale to
assess an individual’s risk of depression. The MEPS provides a summary
of the PHQ-2, with responses on a scale ranging from 0 to 6, where higher
values indicate an increased risk for depression [18]. As in prior studies,
we used a cut of >3 to signify a high risk for depression [18]. See Sup-
plemental Online eMethods for details.

2.2.6. Healthcare expenditure and ED utilization
The MEPS full year consolidated file contains information on the total

number of Emergency Department (ED) visits per survey year. As
described in prior studies, we used two or more ED visits per survey year
as a measure of increased ED utilization [13,17,18].

To obtain an estimate of the annual healthcare expenditure, MEPS
participants reported their yearly incurred medical expenditures, which
3

included amounts spent on health services and prescription medication
filled within the year. This information is available in the MEPS full year
consolidated file. Total, as well as out-of-pocket, expenditures were
calculated and reported for each participant. Payment source and amount
contributed were also confirmed by follow-up surveys with healthcare
professionals and pharmacies [20]. Data on healthcare expenses were
adjusted using the gross domestic product (GDP) deflator to adjust yearly
expenditures from 2004 to 2015 to constant 2015 U S. dollars [14,15,
20].

2.2.7. Age group and other covariates
We used the respondents’ age as the primary predictor variable.

Participant age was grouped into 3 categories [Young adults: 18–44,
Middle-aged adults: 45–64, Older adults: �65 years]. Other variables
included in this study include level of income, sex, race/ethnicity, in-
surance status, education, region, marital status, employment status,
comorbid conditions, and cardiovascular risk factors. See Supplemental
Online eMethods for details.

Comorbid conditions were estimated using the standardized Charlson
comorbidity index, which was modified to exclude the cardiovascular
component. Details have been described elsewhere [21,22]. Cardiovas-
cular risk factor profile was determined based on the number of unfa-
vorable risk factors an individual possesses, with higher number of risk
factors representing a poor cardiovascular risk factor profile (Supple-
mental eTable 2).

We also looked at the 10-year trend of the proportion of individuals
with ASCVD, stratified by age categories. For ease of analysis, we com-
bined 2 years into cycles: 2006–2007, 2008–2009, 2010–2011,
2012–2013, and 2014–2015 (Supplemental Fig. 1).

2.3. Statistical analysis

Stata®, version 13.1 (StataCorp, LP, College Station, Texas, USA), was
used for all statistical analyses with a p value of <0.05 considered sta-
tistically significant. Chi-square test was used to examine the differences
in the demographic characteristics of the study population. Logistic
regression models were applied for all binary outcomes, with age group
of the respondents as the primary predictor. In all logistic regression
models, we accounted for sex, race/ethnicity, region, level of income,
level of education, health insurance, comorbid conditions and cardio-
vascular risk factors.

To analyze cost data, we used the two-part econometric model
because healthcare expenditures are mostly right skewed (i.e. the bulk of
expenditures is incurred by only a small proportion of the population)
[23]. Two-part models are the product of the probability that any given
individual had any expenditure, and their mean expenditures [24,25].
The distribution of the glm was determined using the modified park test
which is typically employed in analyzing cost data to select the most
appropriate modeling method [26].

3. Results

3.1. Sample characteristics

The study sample consisted of 21,353MEPS participants from 2006 to
2015, which represents 23.3 million U.S. adults with ASCVD (mean [SD]
age, 64 [14.7] years) (Fig. 1). The sociodemographic characteristics of
the study population are described in Table 1. Overall, 57.4% of the
population were �65 years, 34.6% between 45 and 64 years of age and
8.0% of the participants were between the ages of 18–44 years. Over 42%
of U.S. adults with ASCVD are young and middle-aged, which translates
into 9.9 million non-elderly U.S. adults with ASCVD. The majority of
older adults with ASCVD in the study population were males (52%men),
non-Hispanic white (83%), of higher socioeconomic strata (62% high or
middle income), insured (primarily Medicare) and lived in the southern
region of the country (Table 1). In contrast, young adult patients were



Table 1
Weighted sample characteristics of non-institutionalized US adults aged �18
years with ASCVD, categorized by age group, MEPS 2006–2015.

Older adults
(�65 yrs)

Middle-aged
adults (45–64
yrs)

Young adults
(18–44yrs)

P-value

N ¼ 21,353 12,257
(57.4%)

7388 (34.6%) 1708 (8.0%)
Weighted sample
¼ 23,277,253

Level of income (%) <0.001
High income 32.3 34.8 19.9
Middle income 30.4 27.3 29.0
Low income 19.4 13.3 16.4
Very low income 17.9 24.6 34.7
Sex (%) <0.001
Female 48.1 44.0 51.5
Male 51.9 56.0 48.5
Race/Ethnicity (%) <0.001
Non-Hispanic
Whites

82.6 71.9 60.4

African
Americans/
Blacks

8.4 14.8 16.8

Asians 2.4 2.6 1.8
Hispanics 6.6 10.7 21.0
Insurance status (%) <0.001
Uninsured 0.3 59.6 48.5
Private 0.3 12.2 21.5
Medicaid 3.1 21.8 26.5
Medicare 99.3 6.4 34.5
Education (%) 0.002
Less than high
school

27.2 23.3 23.9

High school/GED 50.0 51.6 53.6
Some college or
Higher

22.8 25.1 22.5

Marital status (%) <0.001
Married 53.2 58.7 41.1
Widowed 30.9 5.4 0.9
Divorced 11.4 21.2 15.1
Separated 1.1 4.3 6.1
Never married 3.4 10.4 36.8
Region (%) <0.001
Northeast 19.7 16.6 17.3
Midwest 22.5 23.1 23.0
South 38.3 42.7 41.9
West 19.5 17.6 17.8

Table 2
Patient reported outcomes among individuals with ASCVD, based on age group,
MEPS 2006–2015.

Older adults
(�65 yrs)

Middle-aged
adults (45–64
yrs)

Young adults
(18–44yrs)

Patient Healthcare Experience
Proportion with poor patient-
clinician communication
(p < 0.001)

9.7% 17.6% 23.7%

Poor patient-clinician
communication (OR, 95%
CI)

Ref 1.73 (1.28–2.33) 2.49
(1.76–3.51)

Proportion with poor patient
satisfaction (p < 0.001)

17.6% 30.2% 36.7%

Poor patient satisfaction (OR,
95%CI)

Ref 1.73 (1.36–2.19) 2.19
(1.63–2.95)

Patient perception of General Health
Proportion with poor
perception of health (p <

0.001)

31.7% 43.7% 33.8%

Poor perceived health status
(OR, 95%CI)

Ref 4.57 (3.43–6.09) 3.35
(2.39–4.67)

Proportion with high risk for
depression (p < 0.001)

6.7% 10.5% 11.9%

**High risk for depression
(OR, 95%CI)

Ref 2.77 (1.96–3.92) 3.34
(2.23–5.00)

Medication Usage
Proportion not on a statin (p
< 0.001)

37.4% 48% 80.9%

Not on a Statin (OR, 95%CI) Ref 1.64 (1.25–2.17) 5.39
(3.84–7.59)

Proportion not on aspirin (p
< 0.001)

32.3% 39.1% 74.8%

Not on Aspirin (OR, 95%CI) Ref 1.57 (1.24–1.98) 5.78
(4.38–7.62)

Emergency Department Utilization
Proportion with 2 or more ED
visits/year (p ¼ 0.02)

9.6% 10.4% 12.1%

2 or more ED visits/year (OR,
95%CI)

Ref 1.57 (1.16–2.12) 2.20
(1.55–3.14)

Annual Healthcare expenditure
US dollars
(95% CI)]

US dollars (95%
CI)]

US dollars
(95% CI)]

Adjusted mean annual
healthcare expenditures

$9435
(8257 to
10,611)

$10,798 (10,012
to 11,583)

$8000 (6717
to 9282)

*Odds ratios (OR) were adjusted for income level, race, sex, region, health in-
surance, educational status, modified Charlson comorbidity index (without the
cardiovascular component), cardiovascular risk factors.
**Depression risk among US adults with ASCVD, without a diagnosis of
depression.
Abbreviations; CI, confidence interval; ASCVD, atherosclerotic cardiovascular
disease; ED, Emergency Department.
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about 60% non-Hispanic whites, 44% high or middle income, and 51.5%
insured.

While the proportion of older adults with ASCVD remained stable at
about 58% over the study period, the proportion of young adults with
ASCVD increased from 5.5% in 2006–2007 to 8.5% in 2014–2015,
although the increase was not statistically significant (p for trend¼ 0.49)
(Supplemental Fig. 1).
3.2. Patient experience

Compared with older adults with ASCVD, middle-aged and young
adults were more likely to report poor communication with their clini-
cians [middle-aged adults: (adjusted OR 1.73, 95% CI 1.28–2.33), young
adults: (adjusted OR 2.49, 95% CI 1.76–3.51)] (Table 2).

Middle-aged adults with ASCVD had a 1.73 times higher adjusted
odds of reporting poor satisfaction with healthcare received, when
compared with older adults (OR 1.73, 95% CI 1.36–2.19). Younger adults
were over two times more likely to report dissatisfaction with the overall
healthcare received when compared with older adults (OR 2.19, 95% CI
1.63–2.95) (Table 2).

The Supplemental eTable 3 shows the different components of PCC
and the proportion of respondents dissatisfied with their PCC, by age
groups. While 7.9% of U.S. older adults with ASCVD report that their
clinicians did not spend enough time with them, a much higher
4

proportion (20.5%) of younger adults with ASCVD reported the same.
Similarly, a higher proportion of younger adults with ASCVD report that
their clinicians never or only sometimes listen to what they had to say
(5.7% for U.S. adults �65 years vs. 16.9% of U.S. adults 18–44 years).

Although the focus in this study was on individuals with ASCVD, in
Supplemental eTable 4, we show PCC and patient satisfaction among
individuals without ASCVD, based on age category, for comparison with
the ASCVD population. Younger individuals in the general population
also report poor PCC and were more likely to be dissatisfied with their
healthcare services, when compared with older adults.

3.3. Patient perception of health and depression risk

Age was also significantly associated with an individual’s perception
of their health status among patients with ASCVD. Compared with older
adults, middle-aged adults were over 4 times more likely to perceive their
general health as being poor (OR 4.57, 95% CI 3.43–6.09). Young adults
also had higher odds of perceiving their health status as being poor, when



Fig. 2. Age specific differences in patient reported outcomes among US adults
with ASCVD, Medical Expenditure Panel Survey 2006–2015 (reference group –

older adults).
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compared with older adults (OR 3.35, 95% CI 2.39–4.67) (Table 2).
Risk for depression (among individuals with ASCVD who were

without a diagnosis of depression) was higher at younger ages. Compared
with older adults, the middle-aged and young adults were ~2.8 times
(OR 2.77, 95% CI 1.96–3.92) and ~3.3 times (OR 3.34, 95% CI
2.23–5.00) more likely to be at a high risk for depression, respectively
(Table 2).

3.4. Medication usage, ED utilization & healthcare expenditure

Statin and aspirin use were used as a measure of adherence to
guideline directed medical therapy for secondary prevention among in-
dividuals with ASCVD. Compared with adults �65 years, those between
the ages of 45–64 years had higher odds of not using a statin (OR 1.64,
95% CI 1.25–2.17). Adults aged 18–44 years were over 5 times more
likely to not be using a statin (OR 5.39, 95% CI 3.84–7.59), when
compared with adults �65 years. Similarly, younger participants with
ASCVD had higher odds of not using aspirin when compared with their
older counterparts; middle-aged adults (OR 1.57, 95% CI 1.24–1.98),
young adults (OR 5.78, 95% CI 4.38–7.62) (Table 2).

Young and middle-aged adults with ASCVD had increased ED utili-
zation, when compared with older adults. Those aged 45–64 years were
~1.5 times more likely to utilize the ED 2 or more times/year when
compared with adults �65 years (OR 1.57, 95% CI 1.16–2.12). Young
adults had over 2-fold higher odds of two or more ED visits per year,
when comparedwith older adults (OR 2.20, 95% CI 1.55–3.14) (Table 2).

Among these adults with ASCVD, the mean annual healthcare
expenditure was highest among middle-aged adults [$10,798 (95% CI,
$10,012 to $11,583)] and lowest among young adults [$8000 (95% CI,
$6717 to $9282)]. Older adults had an average annual healthcare
expenditure of $9435 (95% CI, $8257 to $10,611) (Table 2).

Sex and race appeared to modify the effect of age on some of the PROs
among U.S. adults with ASCVD.We therefore stratified by these variables
as displayed in (Supplementary eTables 5-10). Compared with women 65
years and older with ASCVD, young women 18–44 years were more
likely to report poor healthcare satisfaction (OR 1.84, 95% CI 1.22–2.78),
were at a higher risk for depression (OR 3.09, 95% CI 1.60–5.97), and
more likely to report not using a statin (OR 4.98, 95% CI 3.10–8.01) or
aspirin (OR 5.37, 95% CI 3.55–8.13) (eTable 5). Among Black adults,
compared with individuals �65 years with ASCVD, those 18–44 years
were more likely to report not using a statin (OR 7.34, 95% CI
4.09–13.18) or aspirin (OR 4.28, 95% CI 2.65–6.92) (eTable 8).

4. Discussion

In this study, which was nationally representative of over 23 million
U.S. adults with ASCVD, we found that young and middle-aged adults
with ASCVD were more likely to report poor PCC, poor satisfaction, and
were at a higher risk for depression when compared with older adults
[Fig. 2]. They were also more likely to report under-utilization of
guideline directed medical therapy for secondary prevention, poorer
perception of health, and higher ED utilization. Annual healthcare
expenditure was highest among the middle-aged population with
ASCVD.

Optimal patient experience is important in promoting patient-
centered care. Patient-clinician communication and patient satisfaction
are important pillars of patient experience and studies have shown the
association between optimal patient experience and improved health
outcomes [13,17,19]. It has been suggested that individuals <65 years
were less likely to report adequate and effective communication with
their clinicians when compared with those �65 years [11]. In our study,
we focused on individuals with established ASCVD, who warrant
aggressive secondary prevention management to reduce their residual
risk, where effective communication is perhaps even more critical than in
the primary prevention setting. However in supplemental analysis, we
report similar age-related disparities in the general non-ASCVD
5

population, as had been noted in other studies [11]. This current study
showed that young and middle-aged adults with ASCVDwere more likely
to be dissatisfied and report poor PCC when compared with older adults.

It is unclear how exactly age influences patient experience. Opti-
mizing PCC and patient satisfactionmay not entirely be within the sphere
of influence of the healthcare system. This current study showed a higher
proportion of younger adults reporting dissatisfaction with their PCC in
terms of being listened to, showing respect to what they had to say,
spending enough time with them and explaining things in ways easy
enough for them to understand, when compared with older adults with
ASCVD. The patient’s social, behavioral and psychological condition may
affect the evaluation of their patient experience. We speculate that these
matrices rely heavily on patient expectations of what their healthcare
experience should be like and patient perceptions of the care and
attention they have received from their clinicians, which may differ by
age [11,27]. For example, older patients may be more tolerant of the
inadequacies of the healthcare delivery process, given their familiarity
with the system over time and also the long standing relationships and
interaction they might have had with their clinicians.

On the other hand, younger patients, who might be more likely to
focus on the ease and promptness of healthcare access, wait time, and
their involvement in the health decision making process, might be less
pleased with any short-comings of the healthcare delivery process [11].
Older patients with ASCVD may also require more comprehensive care,
by virtue of having a protracted past medical history and other comor-
bidities, hence influencing the clinician’s approach during health en-
counters and the amount of time spent with patients in clinic visits.
Societal norms and expectations that clinicians will pay more attention to
older adults could also be playing a role in the age-specific differences
noted in patient experience.

Statins and aspirin are guideline directed medical therapy indicated
for secondary prevention among individuals with ASCVD. Evidence on
the association between age and medication compliance among adults
with chronic medical conditions have been conflicting [28–30]. This
current study shows that older adults with ASCVD are more likely to
report statin and aspirin use, when compared with their younger coun-
terparts. It is possible that while younger patients may be in denial per-
taining to their medical condition, older patients with ASCVD are more
likely to have accepted their diagnoses, hence be more willing to comply
with suggested medical therapies. Alternatively, clinicians may not treat
younger adults as aggressively with preventive strategies due to
perceived lower risk, as has been shown in general populations [31,32];
although all patients in our sample had established ASCVD with a class I
indication for both aspirin and statins.
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Self-perception of health has been shown to be highly correlated with
an individual’s sense of well-being and overall life satisfaction and less so
with health-related factors [33,34]. Among the general population, it is
suggested that older adults were more likely to describe their overall
health as being poor [35]. Decline in physical activity, comorbid condi-
tions and quality of life are factors that might explain this association
noted among the aging population. In this study, after adjusting for
sociodemographic factors and comorbid conditions, we found young and
middle-aged adults with ASCVDwere more likely to perceive their health
as being poor, when compared with older adults. The discrepancy in our
findings versus prior studies may be due to the study population, as the
current study included only individuals with ASCVD. A young individual
diagnosed with a disease largely attributable to aging may perceive his or
her health as being very poor, compared with an older adult. Further-
more, an individual’s view of their health compared to that of their peers
within the same age group probably influences the self-rating of their
health. This could also explain the higher risk of depression among
younger adults with ASCVD, demonstrated in this study.

We demonstrated an increased ED utilization among young and
middle-aged adults with ASCVD compared with older adults. The lower
ED utilization observed among older adults with ASCVD could be a result
of higher medication compliance, and better patient experience which
would also encourage more routine outpatient follow up visits in older
vs. younger adults, hence reducing the risk and frequency of cardiovas-
cular emergencies.

Cardiovascular disease is one of the major contributors to the sig-
nificant healthcare expenditure noted among U.S. adults. The distribu-
tion of healthcare cost is age dependent with most healthcare spending
occurring in middle-aged and older adults [36]. This is similar to what we
found in our study showing higher annual average expenditures among
older and middle-aged adults, with young adults with ASCVD contrib-
uting the least to healthcare spending annually. Some factors influencing
higher healthcare expenditure among middle-aged and older adults
include greater number of comorbid conditions, longer hospital stays,
increasing long-term care and disease complications with age [37].

4.1. Strengths and limitations

Given the cross sectional design of the MEPS, causality cannot be
established between age and health outcomes among individuals with
ASCVD. We defined ASCVD to include ICD-9 and self-reported diagnosis;
hence, there is a risk of under-estimation of the actual burden of ASCVD.
Also, there are many other factors that might be contributing to the age-
specific differences in patient reported outcomes among adults with
ASCVD that we could not account for such as no-show rates, age of
diagnosis, duration of relationship between the clinician and the patient,
and contraindications to medical therapy. Furthermore, there are sig-
nificant differences between the young and older ASCVD population in
terms type of insurance, level of income, and racial composition.
Although we adjusted for these variables in the regression analyses, these
sociodemographic differences could also be markers of unmeasured
confounders that we could not account for. Finally, some conditions such
as hemorrhagic stroke may not warrant the uses of medications such as
aspirin. Although we could not account for the types of stroke in the
study or other conditions like carotid artery dissection, when we
restricted the analyses to only individuals with MI, younger individuals
with MI were much more likely to report not being on a statin or aspirin
when compared with older adults with MI.

However, this study also has many strengths, including the over-
lapping survey design of the MEPS, the multi-level approach to verifi-
cation of obtained information, and the application of weights making
the results obtained from this study generalizable to U.S. non-
institutionalized civilian adults living with ASCVD.
6

5. Conclusions

Compared with older adults, young and middle-aged adults with
ASCVD were more likely to report poorer patient experience and
perception of their health, less likely to be using established secondary
preventionmedications, were at an increased risk for depression, and had
higher ED utilization. More effort needs to be geared towards under-
standing the age-specific differences in healthcare quality and delivery to
improve health outcomes among younger individuals with ASCVD.
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