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Diabetes mellitus (DM) and atherosclerotic cardiovascular
disease (ASCVD) both increase the risk for a major adverse
cardiac event, and are therefore considered priority conditions
clinically. Although guidelines encourage clinicians to treat
them similarly, many researchers do not consider DM an
ASCVD risk-equivalent. However, from a healthcare system
standpoint it is more important to determine whether DM is an
economic burden equivalent to ASCVD. Using data from the
Household Component of the 2010-2013 Medical Expenditure
Panel Survey, we determined that the diagnosis of DM yields
significantly lower healthcare expenditures and resource
utilization when compared with ASCVD. In fact, the healthcare
cost associated with DM alone is almost $1000 less than
ASCVD. That being said, the cost and resource utilization was
highest among those individuals diagnosed with ASCVD + DM,
underscoring the importance of primary and secondary
prevention to help detect individuals early and initiate proper
lifestyle and aggressive therapeutic managements. Cardiovasc
Endocrinol Metab 7:64-67 Copyright © 2018 Wolters Kluwer
Health, Inc. All rights reserved.

Introduction

In contrast to previous notion [1], contemporary emerging
data suggest that not all individuals with diabetes mellitus
(DM) should be unconditionally assumed as a risk equiva-
lent of those with prior atherosclerotic cardiovascular disease
(ASCVD) [2]. From a healthcare delivery perspective, both
are priority conditions as they are associated with significant
healthcare costs, however specific quantitative information
on the relative impact of each condition with regard to direct
medical expenditure and resource utilization is scarce. Given
this gap in knowledge, and the importance of understanding
the economic burden of DM as its prevalence continues to
increase, we evaluated and compared the healthcare costs
and resource utilization for individuals across the spectrum
of ASCVD and DM in a nationally representative US adult
population.

Methods
Data for this study was extracted from the Medical
Expenditure Panel Survey (MEPS), 2010-2013. The MEPS,
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led by the Agency for Healthcare Research and Quality, is a
set of large-scale, national surveys about individuals and
families, their medical providers, and their employers. The
Household Component of the MEPS collects data about
health services used, their frequency and cost, charges,
source of payment, income, employment, as well as ample
data on insurance used by, and available to, US workers [3].
The MEPS respondents are enrolled for 2 years of data
collection, with a new panel beginning each year. The
sampling frame for the MEPS-Household Component is
drawn from respondents to the National Health Interview
Survey, with a design that includes sampling weights,
stratification, and clustering. The MEPS sampling weights
incorporate adjustment for the complex sample design and
reflect survey nonresponse and population totals from the
Current Population Survey [3].

Different files from the Household Component were
utilized for this project: full-year consolidated data files,
medical conditions files, and event files. The full-year
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consolidated data files include most demographics on a
person-level, whereas the medical conditions files include
each diagnosis a person has, which after being transcribed
verbatim at each survey, are translated into International
Classification of Diseases, 9th ed., Clinical Modification
(ICD-9-CM) by professional coders. Modifiable risk factor
profile was ascertained using self-reported and/or ICD-
9-CM codes (when applicable), where individuals with
presence of one or more of: hypertension (ICD-9-CM code:
401), dyslipidemia (ICD-9-CM code: 272), lack of physical
exercise (defined as not participating in moderate—vigorous
physical activity, >30 min, >5 times per week), smoking,
andfor obesity (BMI>30kg/m? a constructed variable
using self-reported weight and height), were included. On
the basis of the presence of these individual cardiovascular
(CV) risk factors, survery participants were profiled as ‘Poor’
(>4 CV risk factors), ‘Average’ (2-3 CV risk factors), or
‘Optimal’ (0~1 CV risk factors).

Finally, each event file denotes healthcare resource utiliza-
tion per person; including hospitalizations, emergency room
visits, and outpatient clinic/office-based visits. All yearly files
were linked together to determine accurate results for each
individual, and data from 2010 to 2013 was combined to
achieve a more robust study population. As MEPS data are
publicly available, this study was exempt of Institutional
Review Board (IRB) approval. We limited our study popu-
lation to noninstitutionalized US adults of at least 18 years of
age, and ascertained diagnoses of ASCVD (coronary artery
disease, stroke, and peripheral artery disease) and DM using
ICD-9-CM or self-report. Because MEPS collapses ICD-
9-CM codes into three-digit codes, our code for DM includes
individuals with type 1 and type 2 DM, though it is likely
that the majority suffer from type 2 DM. Total annual direct
medical expenditures were calculated for each person. Data
for this variable included overall healthcare expenditures
(HCE), including those from specific healthcare utilization
types, such as hospitalizations, prescribed medications, out-
patient visits, emergency department (ED) visits and other
expenditures (dental visits, vision aid, home healthcare, and
other medical supplies). 'T'wo-part models were utilized to
study cost data; after taking into consideration the probability
of having an expenditure (first model), a generalized linear
model with gamma distribution, and link log (second model)
was used to assess the mean per capita expenditures.
Individuals were classified into four mutually exclusive
categories: ‘DM (—), ASCVD (=), ‘DM (+)’, ‘ASCVD (+)’,
or ‘DM (+), ASCVD (+).

Results

The total population included 87 665 participants (mean
age: 47 years; 49% male), of which 82.6% had no DM or
ASCVD, 7.2% had only DM, 7.0% had only ASCVD, and
3.2% had both DM and ASCVD. This represents
weighted national estimates of over 225 million US adults
(~16 million with only DM, ~16 million only with
ASCVD). When comparing individuals with only DM
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and only ASCVD, a greater percentage of those with only
DM had a poor modifiable risk factor profile, but also
lower percentages across the three subsets of Modified
Charlson Comborbidity Index (without CV components).
Additional demographic and socioeconomic information
comparing the four subgroups is available in Table 1.

Figure 1 (top) shows the multivariate adjusted average total
per capita healthcare expenditures by DM and ASCVD

Table 1 Baseline characteristics from US adults, with and without
diabetes mellitus and atherosclerotic cardiovascular disease, from
the 2010-2013 Medical Expenditure Panel Survey

DM (=), DM (+),
ASCVD (-) DM (+) ASCVD (+) ASCVD (+)
Sample (N) 72000 7096 5629 2940
Weighted 186 077 251 16114410 15859 375 7190470
sample
Age category [n (weighted%)]
18-39 34213 (44.6) 826 (10.8) 488 (6.6) 60 (1.8)
40-64 30271 (43.3) 4042 (55.5) 2365 (37.3) 1227 (38.4)
65-74 4753 (7.5) 1449 (21.4) 1239 (24.2) 861 (30.0)
>75 2763 (4.5) 779 (12.3) 1537 (31.9) 792 (29.9)
Sex [n (weighted%)]
Female 38765 (51.7) 3996 (52.3) 2782 (45.5) 1445 (44.9)
Male 33235 (48.3) 3100 (47.7) 2847 (54.5) 1495 (55.1)
Race/ethnicity [n (weighted%)]
Caucasian 31050 (66.2) 2559 (59.2) 3322 (78.8) 1354 (66.6)
African- 13725 (11.2) 1809 (16.1) 1153 (9.8) 766 (14.2)
American
Asian 5713 (56.5) 521 (5.3) 192 (2.0) 129 (3.2)
Hispanic 20015 (15.2) 2040 (16.8) 863 (8.0) 599 (12.2)
Others 1497 (2.0) 167 (2.6) 99 (1.4) 92 (3.8)
Education attainment [n (weighted%)]
Less than 14735 (13.6) 2066 (20.8) 1398 (18.7) 972 (25.0)
high
school
High school/ 23558 (31.3) 2425 (36.6) 2088 (37.6) 1001 (36.7)
GED and
equivalent
Some 33150 (65.1) 2525 (42.6) 2108 (43.7) 935 (38.2)
college or
higher
Family income [n (weighted%)]
Poor/near 17238 (16.0) 2008 (19.5) 1719 (21.0) 992 (23.7)
poor
Low income 11946 (13.0) 1194 (15.0) 979 (16.5) 569 (18.8)
Middle 21643 (30.3) 2155 (31.7) 1507 (28.5) 804 (30.0)
income
High income 21173 (40.6) 1739 (33.9) 1424 (34.0) 575 (27.5)
Insurance [n (weighted%)]
Uninsured 16 693 (16.7) 988 (9.9) 596 (7.4) 186 (5.0)
Public only 13187 (13.9) 2441 (29.1) 2394 (37.3) 1506 (43.7)
Any private 42120 (69.4) 3667 (61.0) 2639 (55.4) 1248 (51.4)
Region [n (weighted%)]
Northeast 11564 (18.1) 1068 (16.7) 909 (18.5) 523 (19.5)
Midwest 13682 (21.4) 1262 (21.7) 1226 (22.9) 587 (22.8)
South 26744 (36.4) 2919 (40.4) 2319 (38.8) 1322 (41.7)
West 20010 (24.1) 1847 (21.3) 1175 (19.7) 508 (16.1)
MREF profile [n (weighted%)]
Optimal 42166 (58.5) 1026 (14.0) 1049 (18.9) 105 (3.7)
Average 26366 (36.6) 4102 (56.0) 3463 (61.8) 1631 (56.9)
Poor 3468 (4.9) 1968 (30.0) 1117 (19.3) 1204 (39.3)
Modified Charlson Comorbidity Index [n (weighted%)]*
0 64869 (88.9) 5810 (79.2) 4087 (71.7) 1995 (67.1)
1 5406 (8.3) 830 (13.1) 1041 (18.4) 577 (19.6)
>2 1725 (2.8) 456 (7.7) 501 (10.0) 368 (13.2)

ASCVD, atherosclerotic cardiovascular disease; DM, diabetes mellitus;
GED, general educational development; MRF, modifiable risk factor.

*Modified Charlson Comorbidity Index (without cardiovascular disease
components).
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Average healthcare expenditures and resource utilization by DM and atherosclerotic cardiovascular disease status, from the 2010-2013 Medical
Expenditure Panel Survey. Multivariate analysis for ORs and expenditures were adjusted for age, sex, modifiable risk factor profile, family income, race/
ethnicity, insurance type, geographic region and Modified Charlson Comorbidity Index (without cardiovascular disease components).**P < 0.001/*P < 0.05.
ASCVD, atherosclerotic cardiovascular disease; Cl, confidence interval; DM, diabetes mellitus; ED, emergency department; OR, odds ratio.

status. For each bar, the proportion of cost due to prescrip-
tions medications, hospitalizations, ED visits, and outpatient
visits is illustrated. Total average per capita healthcare cost
was highest among those with both DM and ASCVD
($10 172). In multivariate adjusted models, as compared with
those without DM and ASCVD, incremental annual HCE
for (a) DM alone was $2694; (b) ASCVD alone was $3494;
and (¢) DM +ASCVD was $6043 (all P<0.001), respec-
tively. In addition, the healthcare expenditures of those with
only DM ($6823) was significantly lower (difference: $800,
P=0.04) than those with only ASCVD ($7623).

Similar trends of higher resource utilization among participants
with ASCVD versus DM alone were also noted, most notably
regarding hospitalizations [odds ratio (OR)=2.8 vs. 1.6,
respectively] and ED visits (OR=2.1 vs. 1.4, respectively)
(Fig. 1, bottom). For those with a diagnosis of only ASCVD or
ASCVD + DM, hospitalizations and ED visits accounted for
44 and 40% of the total healthcare expenditures, respectively.

In comparison, for individuals with the diagnosis of only DM,
hospitalizations and ED visits accounted for 28% of the
total healthcare expenditures. In those individuals with only
DM, the likelihood of filling a prescription medication was
more than two times that of individuals with only ASCVD
(OR=6.5 vs. 2.9, respectively).

Discussion

In summary, within a US nationally representative
population, we observed significantly lower healthcare
costs and resource utilization among those with only DM
as compared with those with only ASCVD. Our results
have important implications given the recent insights
from Rana er a/. [2], that showed a significantly lower
10-year risk among individuals with DM alone versus
those with heart disease alone. As a result, individuals
with only DM are not only considered a lower risk sub-
group, but they also have statistically significant lower
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healthcare expenditures, driven primarily by less fre-
quent hospitalizations and ED visits.

Currently in the USA, hospitalizations make up one-third
of all healthcare expenditures, totaling an estimated $1
trillion [4]. In addition, up to 10% of all visits to the ED
end in admission to the hospital [5]. Although hospitali-
zations are the single largest contributor to the overall
healthcare expenditure total, physician visits and pre-
scription drugs also play a role; yet in combination still
account for a smaller percentage than hospitalizations
(~20 and 10%, respectively) [4].

Our data are consistent with the current breakdown of
medical expenditures in the USA, with large contributions
to healthcare spending from hospitalizations and ED visits
among those with these priority conditions. Moreover,
hospitalizations and ED visits were significantly more
common among individuals with only ASCVD compared
with those with only DM, which appears to be reflective in
differences in overall as well as specific healthcare expen-
ditures. Although those individuals with only DM utilize
prescription medications more often, it can be concluded
that the lower upfront cost yields lower downstream cost in
the form of hospitalizations and ED visits, underscoring the
importance for ecarly identification and management of
those with DM and other ASCVD risk factors. Given that
established ASCVD leads to twofold higher medical cost
independent of CV risk factor profile and DM status [6], the
value of primary prevention among those without estab-
lished ASCVD, especially in high-risk groups such as those
with DM, cannot be understated. In addition, future studies
are needed to elucidate important differences that exist
when individuals with DM are further classified using
specific characteristics, including (but not limited to): type 1
versus type 2, controlled versus uncontrolled, duration of
disease, the presence of end-organ damage, and/or insulin
requirements.

There are several limitations of our analysis. First, as DM
and ASCVD were self-reported or on the basis of ICD-9
codes, underestimation of the true national prevalence is
likely, as has been previously described, especially with
chronic conditions [7]. Without accurate measurement of
blood glucose or glycated hemoglobin at the time of
enrollment, we cannot account for those individuals with
undiagnosed DM. Second, other analyses have found that
MEPS data tend to underestimate total medical expendi-
tures [8]. However, this limitation would lead to a likely
underestimation of the actual associated cost and saving
estimates from primordial prevention strategies. Third, as a
cross-sectional analysis, differentiation between incident
versus prevalent DM/ASCVD cases was not feasible, which
might affect expenditure behavior. Fourth, generalizability
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outside the US noninstitutionalized adult population is
limited. Finally, even after adjusting for important variables,
the risk of residual confounding cannot be eliminated.

Conclusion

Although our data are not intended to inform the risk
examination between DM and ASCVD, it does indicate
that presence of DM alone does not translate into an
ASCVD ‘economic burden’ equivalent. Our study finds an
important trend that mirrors the current landscape of
healthcare spending in the USA, which is that increased
total number of prescription drugs and physician visits
does not yield higher cost. In fact, to adequately reduce
the economic burden of these priority conditions on the
healthcare system, clinicians must maximize the positive
effect and reduced cost of more frequent follow-up
and proper management. If clinicians can more effectively
intervene by encouraging targeted lifestyle interventions
and adherence to guideline recommended treatment regi-
mens, the higher rates of hospitalizations and ED visits in
those individuals with ASCVD can be reduced and lead to
lower overall healthcare spending. Ultimately, this may lead
to greater upfront spending, but on the basis of the results
of this data will return significant value by eliminating more
costly visits to the hospitals and emergency room.
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