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RESEARCH ARTICLE

Impact of cardiovascular disease on health care economic burden and resource
utilization: a retrospective cohort study in adults in the United States with type
2 diabetes with or without stroke, myocardial infarction, and peripheral
arterial disease

Aaron Kinga, Jigar Rajpurab, Yuanjie Liangb, Yurek Paprockib and Chioma Uzoigweb

aMedFirst Primary Care, San Antonio, TX, USA; bNovo Nordisk, Inc., Plainsboro, NJ, USA

ABSTRACT
Objectives: To evaluate incidence of stroke, myocardial infarction (MI), and peripheral artery disease
(PAD) in patients with type 2 diabetes mellitus (T2DM) and assess associated health care resource util-
ization (HCRU) and costs in the United States.
Methods: Patients �18 years of age with a T2DM diagnosis, with or without incident stroke/MI/PAD,
were indexed between 1 January 2012 and 31 December 2020, from the deidentified Optum
Clinformatics Data Mart claims database. Incidence of stroke, MI, and PAD was evaluated in the year
following T2DM. HCRU and costs were measured in the 12months following study entry in patients
with T2DMþ stroke, T2DMþMI, and T2DMþ PAD (experimental cohorts) and compared to HCRU and
costs in patients with T2DM alone (control cohorts).
Results: Incidence of stroke, MI, and PAD in patients with T2DM was 0.9% (n¼ 16,034), 0.7%
(n¼ 13,681), and 4.1% (n¼ 68,479), respectively. Compared to matched patients with T2DM alone,
patients with T2DMþ stroke/MI/PAD had significantly higher total healthcare costs in the year post-
index date (T2DMþ stroke: þ$5962 per patient per month [PPPM]; T2DMþMI: þ$7932 PPPM;
T2DMþ PAD: þ$2652 PPPM; p< .05). Patients with T2DMþ stroke/MI/PAD had significantly higher
mean HCRU than patients without stroke/MI/PAD in all categories measured.
Conclusion: Having stroke, MI, or PAD was associated with increases in HCRU and costs in patients
with T2DM. Although PAD was associated with smaller per patient increases in total healthcare costs
than patients with T2DMþ stroke/MI, the higher frequency of incident PAD may make it more costly
than MI or stroke in a large population of patients with T2DM.

GRAPHICAL ABSTRACT

ARTICLE HISTORY
Received 1 June 2022
Revised 13 September 2022
Accepted 13 September 2022

KEYWORDS
Cardiovascular diseases;
cerebrovascular disorders;
cost of illness; endocrine
system diseases; health
care costs

CONTACT Aaron King asamd@icloud.com MedFirst Primary Care, 430 West Sunset Road, Suite 135, San Antonio, TX 78209, USA
Supplemental data for this article is available online at https://doi.org/10.1080/03007995.2022.2125259.

� 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.
www.cmrojournal.com

CURRENT MEDICAL RESEARCH AND OPINION
2022, VOL. 38, NO. 11, 1831–1840
https://doi.org/10.1080/03007995.2022.2125259
Article ST-0401.R1/2125259

http://crossmark.crossref.org/dialog/?doi=10.1080/03007995.2022.2125259&domain=pdf&date_stamp=2022-11-15
https://doi.org/10.1080/03007995.2022.2125259
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.tandfonline.com


PLAIN LANGUAGE SUMMARY
Compared to patients without type 2 diabetes (T2D), patients with T2D have a greater chance of having
a stroke, heart attack, and narrowing of blood vessels in the arms and legs (peripheral artery disease
[PAD]). A stroke, heart attack, or PAD may lead to hospitalization or death. We sought to understand
healthcare usage (hospital visits, emergency room visits, office visits, etc.) and costs associated with
stroke, heart attack, and PAD in patients with T2D in the United States. Healthcare resource usage and
costs were estimated by using data from health insurance claims to compare healthcare usage and costs
among patients with T2D, some of whom had a stroke, heart attack, or PAD, and some who did not.
Compared to patients with T2D without stroke/heart attack/PAD, patients with T2D and stroke/heart
attack/PAD had more overnight hospital visits, doctors’ office visits, and emergency room visits. Patients
with T2D and stroke/heart attack/PAD also had longer hospital stays. Patients with T2D and stroke/heart
attack/PAD all had higher total healthcare costs in the year following their diagnoses, compared to
patients with T2D without stroke/heart attack/PAD. By highlighting the greater costs and use of health-
care associated with stroke, heart attack, and PAD in patients with T2D, we hope to encourage more pre-
ventative management of stroke, heart attack, and PAD in patients with T2D.

Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic disease char-
acterized by insulin resistance and defective insulin secretion
leading to hyperglycemia1. T2DM affects �8.9% of the
United States (US) population2. The global prevalence of dia-
betes increased from 211 million in 1990 to 476 million in
20173. In 2017, over one million deaths were attributed to
T2DM making it the ninth leading cause of mortality glo-
bally2. By 2050, �1 in 3 people in the US may have T2DM4.

Cardiovascular disease (CVD) is estimated to affect over
30% of patients with T2DM5. The American Diabetes
Association (ADA) estimated in 2017 that T2DM cost the US
$237 billion in direct medical costs, $37.3 billion of which
were cardiovascular-related6.

Several studies have evaluated healthcare resource utiliza-
tion and/or costs associated with cardiovascular comorbidities
in patients with T2DM. Mehta et al. found that patients with
T2DM and select cardiovascular diseases (stroke, transient ische-
mic attack [TIA], myocardial infarction [MI], unstable angina, and
coronary revascularization) had significantly greater healthcare
resource utilization and higher costs than patients with T2DM
alone7. Weng et al. also observed significantly higher healthcare
costs for patients with T2DM and atherosclerotic cardiovascular
disease (ASCVD) compared to patients with T2DM alone8.
ASCVD was defined as acute coronary syndromes, a history of
MI, stable or unstable angina, coronary or other arterial revascu-
larization, stroke, TIA, or peripheral artery disease (PAD) pre-
sumed to be of atherosclerotic origin9.

Although previous studies have evaluated the burden and
cost of major adverse cardiovascular events in patients with
T2DM, some did not include PAD7,10. PAD has been identi-
fied as a significant cardiovascular event in patients with
T2DM11. Weng et al. included patients with PAD but only
examined outcomes for patients with ASCVD as a group.

Between 30 and 50% of US adults with T2DM do not
meet recommended glycemic control, blood pressure, or LDL
cholesterol targets for the prevention of CVD12. Using data
from a US commercial insurance claims database, we aimed
to assess the 12-month prevalence, incidence, mean health-
care resource utilization, and mean cost of stroke, MI, and
PAD in adults with T2DM compared to adults with T2DM

alone. By quantifying the costs and healthcare resource bur-
den associated with stroke, MI, and PAD in patients with
T2DM, we hope to encourage greater preventative action.

Methods

Data source

A retrospective cohort analysis was performed using deiden-
tified data from the Optum Clinformatics Data Marti (CDM)
database for patients in the US. The CDM includes medical
and pharmacy claims data for individuals insured by United
Healthcare Group. Institutional Review Board approval was
not sought as this study is a retrospective analysis; there
were no patient interventions, and all patient data were ano-
nymized in accordance with the Health Insurance Portability
and Accountability Act.

Study design

Eligible adults with a T2DM-related International
Classification of Diseases, Ninth or Tenth Revision, Clinical
Modification (ICD-9, ICD-10-CM) diagnosis code aged
�18 years were identified between 1 January 2012 and 31
December 2020 (Figure 1).

The centering period is defined as 12months before and
after evidence of a random T2DM-related diagnosis. A ran-
dom diagnosis date is used as the study entry point to avoid
overweighting earlier timeframes from the long identification
period and a potential selection bias toward newly diag-
nosed patients with diabetes from the required 12-month
pre-centering period.

The index date was set at the first diagnosis of stroke, MI,
or PAD. The patient may have had a diagnosis of stroke, MI,
or PAD before the 12-month pre-index (baseline) period;
however, to reduce selection bias and to focus on the
objective of understanding the impact of stroke, MI, and
PAD events in patients with T2DM, the study design only
excluded patients with a cardiovascular event in the baseline
period. Index event for stroke was defined as hospitalization
with a primary diagnosis code for hemorrhagic stroke or
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ischemic stroke13. Index event for MI was defined
as hospitalization with a primary diagnosis code for MI,
ST-segment-elevation myocardial infarction (STEMI), or non-
ST-segment-elevation myocardial infarction (NSTEMI)14. Index
event for PAD was defined as �1 hospitalization with a diag-
nosis code (any position) of atherosclerosis or thrombosis of
arteries of the lower extremities, or �2 physician evaluation
and management visits with a diagnosis code (any position)
of atherosclerosis or thrombosis of arteries of the lower
extremities on separate days, or �1 hospitalization or phys-
ician visit with a Current Procedural Terminology code of
37205 or 7596215. For the control cohorts (patients with
T2DM without stroke/MI/PAD), patients had a random index
date set, drawn from the time between the centering date
and index date of patients with a stroke, MI, and PAD event.
Due to the control populations containing >1 million
patients, 250,000 control patients were randomly selected to
reduce computational load.

Study population

To be included in prevalence estimates, patients needed to
be �18 years of age and have healthcare coverage for the
12months before and 12months after random T2DM-related
ICD-9 or ICD-10-CM diagnosis code. Patients were excluded
from the overall analysis if they had type 1 diabetes mellitus,
pregnancy, or gestational diabetes in the 12months before
and/or 12months after indexing. Patients with T2DM and
incident stroke/MI/PAD were excluded from further analysis
if they did not have 360 days of follow-up after the cardio-
vascular index event.

The populations of patients with T2DM and incident
stroke/MI/PAD were compared to matched control popula-
tions of patients with T2DM without incident ASCVD to
determine healthcare resource utilization and cost associated
with stroke/MI/PAD in patients with T2DM. Three pairs of
cohorts were examined: T2DMþ stroke and T2DM-stroke
cohorts, T2DMþMI and T2DM-MI cohorts, and T2DMþ PAD
and T2DM-PAD cohorts.

Study measures

Patients’ baseline demographic data were based on their
enrollment file details on the index date. Comorbidities were
assessed in the year before the index date and Charlson
Comorbidity Index scores were calculated. The Charlson
Comorbidity Index is a predictor of 10-year survival and fac-
tors in patient age and comorbidities16.

This study evaluated the prevalence and incidence of
stroke, MI, and PAD in patients with T2DM. Prevalence of
ASCVD was evaluated in the 12months before T2DM diagno-
sis while the incidence of ASCVD was evaluated in the
12months following T2DM diagnosis. Patients with T2DM
were included in the incidence cohort at first diagnosis of
stroke, MI, or PAD. Health care resource utilization and asso-
ciated costs were assessed for all patients with 12 months of
follow-up post-index date.

Cohorts were compared by evaluation of mean healthcare
resource utilization and mean healthcare costs in the
12months following random T2DM-related index event (for
the control cohort) and the 12months following ASCVD
index event (for the experimental [T2DMþ stroke,
T2DMþMI, and T2DMþ PAD] cohorts). Mean health care
resource utilization values were calculated for the number of
inpatient visits, inpatient length of stay, number of out-
patient visits, and number of emergency room visits. Mean
all-cause healthcare costs were calculated for inpatient, out-
patient, emergency room, pharmacy, and total health-
care costs.

Statistical analysis

All statistical analyses were performed using R 3.6.0/4.0.3. All
analyses were conducted as two-sided tests with an alpha of
0.05 unless otherwise stated; no adjustments were made for
multiple comparisons. Missing data was not imputed. Two-
sample t-tests were used to assess absolute differences in
means between cohorts. Poisson tests were used to assess
relative differences (adjusted rate ratios) between cohorts.

Before cohort comparisons, cohorts were balanced using
an inverse probability of treatment weighting (IPTW)
approach17,18. IPTW was used to account for differences in
baseline demographic and clinical characteristics among
patients with T2D and those with stroke, MI, or PAD. IPTW is
defined as the inverse of the estimated propensity score for
experimental cohort patients and the inverse of one minus
the estimated propensity score for control cohort patients. A
pseudo-population was created where the weighted experi-
mental and control groups were representative of the patient
characteristics in the overall study population, resulting in esti-
mates that were generalizable to the entire study population.

Propensity scores were calculated using a logistic regres-
sion model for each experimental/control cohort pair in
which the dependent variable was the experimental group
with stroke, MI, or PAD. Explanatory variables were selected
based on their hypothesized confounding relationship with
the outcome variable in a directed acyclic graph. Propensity
scores were calculated as the predicted probability of having
a stroke, MI, or PAD.

To estimate the IPTW, the predicted probabilities of each
patient being in the incident cohort were used to generate
stabilized IPTW scores using ATT (average treatment effect
on the treated) weights and were applied to the data to
generate a reweighted pseudo-population19. Standardized
differences were compared to assess the balance between
the experimental cohorts. Each control cohort was balanced
against its respective experimental cohort using their
respective weights.

Results

Patient population

Among the 5,241,811 patients with T2DM in the CDM data-
base, 11,021 were included in the T2DMþ stroke cohort,
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9474 in the T2DMþMI cohort, and 54,080 in the
T2DMþ PAD cohort (Figure 2). For each experimental cohort
depicted in Figure 2, there was a matched control cohort
consisting of patients with T2DM without incident stroke
(n¼ 1,421,500), MI (n¼ 1,475,011), or PAD (n¼ 1,312,835).
These populations were randomly restricted to 250,000 to
reduce computational load.

Patient baseline characteristics

Demographic characteristics of the study population are dis-
played in Table 1. At baseline, patients had an adjusted mean
age of 75.1 years in the T2DMþ stroke cohort (75.2 years in
the matched control cohort), 73.6 years in the T2DMþMI
cohort (73.7 years in the matched control cohort), and
74.0 years in the T2DMþ PAD cohort (74.2 years in the
matched control cohort). The adjusted mean Charlson
Comorbidity Index at baseline was 4.6 for the T2DMþ stroke
cohort (4.7 for matched controls), 4.6 for the T2DMþMI
cohort (4.7 for matched controls), and 3.9 for the T2DMþ PAD
cohort (4.0 for matched controls). In the T2DMþ stroke cohort,
85% of patients had an ischemic stroke (n¼ 9415), 11% had a
hemorrhagic stroke (n¼ 1167), and 4% had TIA (n¼ 439). In
the T2DMþMI cohort, 55% had NSTEMI (n¼ 5214) while 45%
had STEMI (n¼ 4260). Additional patient baseline characteris-
tics, both adjusted and unadjusted, are supplied in the
Supplementary Materials (Tables S1 and S2).

Prevalence and incidence of stroke, MI, and PAD in
patients with T2DM

In the 360 days before the patient centering date, stroke
was prevalent in 6.0% of patients (n¼ 119,460), MI was

prevalent in 2.6% of patients (n¼ 50,664), and PAD was
prevalent in 15.0% of patients (n¼ 297,604). In the
360 days following the patient centering date, stroke was
incident in 0.9% of patients (n¼ 16,034), MI was incident
in 0.7% of patients (n¼ 13,681), and PAD was incident in
4.1% of patients (n¼ 68,479).

Healthcare resource utilization and cost associated with
stroke in patients with T2DM

Compared to patients with T2DM alone, patients with
T2DMþ stroke had significantly more inpatient visits
(adjusted rate ratio [ARR]: 5.42; 95% CI: 5.26–5.59; p< .001),
outpatient visits (ARR: 1.58; 95% CI: 1.57–1.58; p< .001), and
emergency room (ER) visits (ARR: 1.67; 95% CI: 1.62–1.72;
p< .001). Patients with T2DMþ stroke also spent significantly
more days in inpatient care (ARR: 5.86; 95% CI: 5.79–5.94;
p< .001) than patients with T2DM alone (Figure 3). Mean
total healthcare costs were significantly higher for patients
with T2DMþ stroke compared to patients with T2DM alone
($8864 per patient per month [PPPM] vs. $2902 PPPM;
p< .001). The largest differences were seen in inpatient and
outpatient costs (Figure 3). Per 1 million patients with T2DM,
we estimate patients with T2DM and incident stroke would
have a total of $615 million higher initial annual costs than
those with T2DM alone. Unadjusted values are provided in
Supplementary Figure S1.

Healthcare resource utilization and cost associated with
MI in patients with T2DM

Compared to patients with T2DM alone, patients with
T2DMþMI had significantly more inpatient visits (ARR: 5.36;

Figure 1. Study design. Abbreviations. Dx, diagnosis; CV, cardiovascular event; T2DM, type 2 diabetes mellitus. The centering period is defined as 12months before
and after evidence of a random T2DM-related diagnosis. A random diagnosis date is used as the study entry point to avoid overweighting earlier timeframes from
the long identification period and a potential selection bias toward newly diagnosed patients with diabetes from the required 12-month pre-centering period.
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95% CI: 5.18–5.55; p< .001), outpatient visits (ARR: 1.61; 95%
CI: 1.61–1.62; p< .001), and ER visits (ARR: 1.78; 95% CI:
1.72–1.84; p< .001). Patients with T2DMþMI also spent sig-
nificantly more days in inpatient care (ARR: 5.42; 95% CI:
5.35–5.50; p< .001) than patients with T2DM alone
(Figure 4). Mean total healthcare costs were significantly
higher for patients with T2DMþMI compared to patients
with T2DM alone ($10,929 PPPM vs. $2997 PPPM; p< .001)
(Figure 4). Per 1 million patients with T2DM, we estimate
patients with T2DM and incident MI would have a total of
$676 million higher initial annual costs than those with
T2DM alone. Unadjusted values are provided in
Supplementary Figure S2.

Healthcare resource utilization and cost associated with
PAD in patients with T2DM

Compared to patients with T2DM alone, patients with
T2DMþ PAD had significantly more inpatient visits (ARR:
2.40; 95% CI: 2.36–2.44; p< .001), outpatient visits (ARR: 1.51;

95% CI: 1.51–1.51; p< .001), and ER visits (ARR: 1.45; 95% CI:
1.43–1.48; p< .001). Patients with T2DMþ PAD also spent
significantly more days in inpatient care (ARR: 2.64; 95% CI:
2.62–2.65; p< .001) than patients with T2DM alone
(Figure 5). Mean total healthcare costs were significantly
higher for patients with T2DMþ PAD compared to patients
with T2DM alone ($5068 PPPM vs. $2416 PPPM; p< .001)
(Figure 5). Per 1 million patients with T2DM, we estimate
patients with T2DM and incident PAD would have a total of
$1.3 billion higher initial annual costs than those with T2DM
alone. Unadjusted values are provided in Supplementary
Figure S3.

Discussion

Patients with T2DM are at increased risk of CVD11. CVD is
associated with significant increases in healthcare resource
utilization and costs in patients with T2DM7,8. Nevertheless,
previous studies highlight a need for updated estimates of
prevalence, incidence, healthcare resource utilization, and

Figure 2. Flow chart of patient populations included in cohort analyses. Grey boxes indicate patients excluded from further analysis. White boxes indicate the
population remaining for analysis. Abbreviations. GED, gestational diabetes; MI, myocardial infarction; PAD, peripheral artery disease; T1DM, type 1 diabetes melli-
tus; T2DM, type 2 diabetes mellitus.
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Table 1. Patient baseline characteristics after statistical adjustment.

T2DMþ stroke
(n¼ 11,021)

T2DM-stroke
(n¼ 11,101)

T2DMþMI
(n¼ 9474)

T2DM-MI
(n¼ 9536)

T2DMþ PAD
(n¼ 54,080)

T2DM-PAD
(n¼ 54,758)

Age group, n (%)
18–44 73 (0.7) 87 (0.8) 81 (0.9) 122 (1.3) 421 (0.8) 528 (1.0)
45–54 344 (3.1) 297 (2.7) 351 (3.7) 360 (3.8) 1555 (2.9) 1677 (3.1)
55–64 1071 (9.7) 925 (8.3) 1121 (11.8) 1006 (10.6) 5729 (10.6) 5008 (9.2)
65–74 3252 (29.5) 3502 (31.5) 3230 (34.1) 3224 (33.8) 19,030 (35.2) 19,249 (35.2)
75þ 6281 (57.0) 6290 (56.7) 4691 (49.5) 4823 (50.6) 27,345 (50.6) 28,296 (51.7)

Gender, n (%)
Female 5889 (53.4) 5927 (53.4) 4240 (44.8) 4218 (44.2) 27,679 (51.2) 27,928 (51.0)
Male 5132 (46.6) 5174 (46.6) 5234 (55.3) 5318 (55.8) 26,401 (48.8) 26,830 (49.0)

Region, n (%)
Midwest 1916 (17.4) 1934 (17.4) 1762 (18.6) 1777 (18.6) 8064 (14.9) 8085 (14.8)
Northeast 1606 (14.6) 1617 (14.6) 1255 (13.3) 1257 (13.2) 7859 (14.5) 7941 (14.5)
South 4895 (44.4) 4944 (44.5) 4289 (45.3) 4311 (45.2) 25,589 (47.3) 25,996 (47.5)
West 2601 (23.6) 2605 (23.5) 2165 (22.9) 2188 (22.9) 12,533 (23.2) 12,701 (23.2)
Unknown 3 (0.0) 3 (0.0) 3 (0.0) 3 (0.0) 35 (0.1) 36 (0.1)

Insurance, n (%)
Commercial 1057 (9.6) 1053 (9.5) 1154 (12.2) 1151 (12.1) 5409 (10.0) 5336 (9.7)
Medicare 9964 (90.4) 10,048 (90.5) 8320 (87.8) 8385 (87.9) 48,671 (90.0) 49,422 (90.3)

Race, n (%)
White 6898 (62.6) 6968 (62.8) 6187 (65.3) 6250 (65.5) 32,503 (60.1) 32,807 (59.9)
Black 1740 (15.8) 1751 (15.8) 1267 (13.4) 1263 (13.3) 7486 (13.8) 7629 (13.9)
Hispanic 1506 (13.7) 1502 (13.5) 1310 (13.8) 1313 (13.8) 9454 (17.5) 9649 (17.6)
Asian 376 (3.4) 374 (3.4) 289 (3.1) 289 (3.0) 2075 (3.8) 2091 (3.8)
Unknown 501 (4.6) 507 (4.6) 421 (4.4) 421 (4.4) 2562 (4.7) 2582 (4.7)

Abbreviations. MI, myocardial infarction; PAD, peripheral artery disease; T2DM, type 2 diabetes mellitus.
The predicted probabilities of each patient being in the incident cohort were used to generate stabilized IPTW (inverse probability of treatment weighting)
scores using ATT (average treatment effect on the treated) weights and were applied to the control cohort data (T2DM-stroke/MI/PAD) to generate a reweighted
pseudo-population from a starting population of n¼ 250,000.

Figure 3. (A) All-cause healthcare resource utilization and (B) costs in patients with T2DM in the year following incident stroke (n¼ 11,021) or random T2DM diag-
nosis (n¼ 11,101). These outcomes are adjusted for clinical and demographic characteristics. The predicted probabilities of each patient being in the incident
cohort were used to generate stabilized IPTW (inverse probability of treatment weighting) scores using ATT (average treatment effect on the treated) weights and
were applied to the control cohort data to generate a reweighted pseudo-population. All differences are significant with a p-value <.05. Abbreviations. ER, emer-
gency room; IP, inpatient; LOS, length of stay; OP, outpatient; PPM, patients per month; PPPM, per patient per month; Rx, pharmacy costs.
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costs associated with specific cardiovascular events in
patients with T2DM.

In this study, we measured prevalence, incidence, health-
care resource utilization, and costs associated with stroke, MI,
and PAD in patients with T2DM using a retrospective analysis
of a commercial healthcare claims database. In the year
before the patient centering date, we found stroke, MI, and
PAD were prevalent in 6.0, 2.6, and 15.0% of patients with
T2DM, respectively. Another retrospective study using the
IBM MarketScanii claims database found stroke, MI, and PAD
were prevalent in 19, 7, and 25% of patients with T2DM,
respectively20. These findings may differ due to differences in
methodology; our study only evaluated the prevalence of
stroke, MI, and PAD in the year before indexing, whereas
Weng et al. included patients with stroke, MI, or PAD at any
point before indexing. A literature review of studies evaluat-
ing the prevalence of CVD in patients with T2DM between
2007 and 2017 did not include PAD but found stroke was
prevalent in 8% of patients and MI in 10% of
patients globally10.

We measured the one-year incidence of stroke, MI, and
PAD in patients with T2DM in the year following the patient
index and found incidences of 0.9, 0.7, and 4.1%, respect-
ively. A retrospective study using electronic health data in
England also investigated the incidence of CVD in patients

with T2DM, however, the study only included adults aged
�30 years who were free from CVD at baseline and meas-
ured the incidence of CVD during a median follow-up time
of 5.5 years21. The study found that the most common inci-
dence of CVD in patients with T2DM was PAD21. Although
our study only investigated stroke, MI, and PAD; our findings
are similar and show that patients with T2DM most fre-
quently experienced PAD.

Compared to patients with T2DM alone, we found that
patients with T2DM and stroke, MI, or PAD had higher
healthcare resource utilization and costs in every category
measured. This generally corroborates the findings of previ-
ous retrospective analyses, which showed patients with
T2DM and ASCVD/CVD had higher healthcare resource util-
ization across cost categories7,8. Our results differ from
Mehta et al. with regards to inpatient costs. Mehta et al.
found no significant difference in inpatient costs between
patients with T2DM and CVD and those with T2DM without
CVD7. Conversely, we found inpatient costs were responsible
for the greatest cost differences between patients with
T2DM alone, and those with T2DM and stroke, MI, or PAD.
Our study showed that patients with stroke, MI, and PAD
had more inpatient visits and longer inpatient stays than
patients without stroke, MI, and PAD. Mehta et al. found
smaller increases in inpatient visits and inpatient lengths of

Figure 4. (A) All-cause healthcare resource utilization and (B) costs within one year in patients with T2DM following incident MI (n¼ 9474) or random T2DM diag-
nosis (n¼ 9536). These outcomes are adjusted for clinical and demographic characteristics. The predicted probabilities of each patient being in the incident cohort
were used to generate stabilized IPTW (inverse probability of treatment weighting) scores using ATT (average treatment effect on the treated) weights and were
applied to the control cohort data to generate a reweighted pseudo-population. All differences are significant with a p-value <.05. Abbreviations. ER, emergency
room; IP, inpatient; LOS, length of stay; MI, myocardial infarction; OP, outpatient; PPM, patients per month; PPPM, per patient per month; Rx, pharmacy costs;
T2DM, type 2 diabetes mellitus.
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stay associated with CVD in patients with T2DM, which could
explain the correspondingly smaller increases in inpatient
healthcare costs7. Also, our study evaluated healthcare
resource utilization and costs in the 12 months immediately
following incident CVD, whereas Mehta et al. evaluated 12-
month costs in patients with a history of CVD. Healthcare
costs and utilization immediately after an incident of CVD
may be higher than healthcare costs and utilization in the
more distant future.

By combining incidence rates and per patient healthcare
cost estimates, we determined that PAD is associated with
the highest population-level healthcare costs in patients
with T2DM when compared to stroke and MI in patients
with T2DM. Despite being associated with lower per patient
increases in total healthcare costs, PAD occurred much more
frequently in patients with T2DM than did stroke and MI,
which explains the higher population-level costs associated
with PAD in patients with T2DM. The risk of PAD is higher
and cardiovascular outcomes are worse in patients with
T2DM than in those without T2DM11. PAD is associated with
an increased risk for major adverse limb events and amputa-
tion in patients with T2DM compared to those without
T2DM11,22. Our findings suggest that medications that lower
the risk of PAD could be prioritized over medications that
lower the risk of stroke and MI in patients with T2DM to
achieve the greatest population-level healthcare cost savings.

However, this would also depend on drug costs and the rela-
tive effectiveness of drugs in reducing the risk of stroke, MI,
and PAD in patients with T2DM.

There is a need for therapies that lower the risk of CVD in
patients with T2DM. Trials investigating the effectiveness of
sodium-glucose co-transporter-2 inhibitors (SGLT2is) and glu-
cagon-like peptide-1 receptor agonists (GLP-1 RAs) in reduc-
ing the risk of CVD in patients with T2DM have found
promising results23,24. A meta-analysis of cardiovascular out-
comes trials investigating the effects of GLP-1 RAs on CVD
and safety in patients with T2DM showed GLP-1 RA treat-
ment was associated with significant reductions in risk of
major adverse cardiovascular events, cardiovascular mortality,
all-cause mortality, fatal and nonfatal stroke, and heart failure
hospitalization; no significant effect was seen in fatal or non-
fatal MI25. A similar meta-analysis of trials investigating the
effects of SGLT-2is in patients with T2DM demonstrated that
SGLT-2is were associated with reduced risk of major adverse
cardiovascular events but notable heterogeneity in associ-
ated risk of cardiovascular mortality26. The meta-analysis
investigating SGLT-2is found mixed results regarding their
effect on time to the first event of stroke; some trials even
suggested a deleterious effect of SGLT-2is on stroke com-
pared to placebo, though no findings were statistically sig-
nificant26. Trials have also investigated the effects of
dipeptidyl peptidase-4 inhibitors (DPP-4is) on cardiovascular

Figure 5. (A) All-cause healthcare resource utilization and (B) costs in patients with T2DM in the year following incident PAD (n¼ 54,080) or random T2DM diagno-
sis (n¼ 54,758). These outcomes are adjusted for clinical and demographic characteristics. The predicted probabilities of each patient being in the incident cohort
were used to generate stabilized IPTW (inverse probability of treatment weighting) scores using ATT (average treatment effect on the treated) weights and were
applied to the control cohort data to generate a reweighted pseudo-population. All differences are significant with a p-value <.05. Abbreviations. ER, emergency
room; IP, inpatient; LOS, length of stay; OP, outpatient; PAD, peripheral artery disease; PPM, patients per month; PPPM, per patient per month; Rx, pharmacy costs;
T2DM, type 2 diabetes mellitus.
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outcomes in patients with T2DM. A meta-analysis of DPP-4i
trials in patients with T2DM found that DPP-4is did not
increase the risk of hospitalization for heart failure in patients
with T2DM and previous history of heart failure, but
increased the risk of hospitalization for heart failure in
patients without previous history of heart failure27. These
results suggest that GLP-1 RAs and SGLT-2is could be used
to reduce cardiovascular events and, by extension, healthcare
resource utilization and costs associated with cardiovascular
events in patients with T2DM.

Limitations

This study is a database analysis that relies on the quality of
the study inputs. Any errors in data input or relevant infor-
mation missing from the database were not captured in this
study. In establishing the experimental and control cohorts,
we excluded any patients who had a cardiovascular comor-
bidity in the 12months before the centering date. The pres-
ence of cardiovascular events beyond 12months before the
centering date was not explored and may have had an
impact on the findings even if sequelae were not recorded
in the study period. However, we expect the large sample
sizes and matching process in this study to minimize the dif-
ferential impact across the CVD event and control cohorts of
these individuals.

This study includes data on individuals covered by com-
mercial and Medicare part D insurance. The population of
individuals covered by these health plans may have unique
characteristics that limit the generalizability of the study
results to other populations, such as the uninsured. This
study does not include all conditions listed in the American
College of Cardiology (ACC)/American Heart Association
(AHA) guidelines for ASCVD. This may have led to the mis-
classification of cardiovascular conditions compared with
ACC/AHA guidelines. There may be patients who had interac-
tions with health care providers outside of the Optum net-
work or used another payment method not captured in the
claims database. Costs included in the database are imputed
averages, not actually paid costs; this could affect the repre-
sentation and generalizability of costs compared to actual
real-world costs.

It is possible that some statistically significant differences
may not be clinically relevant and may be related to the
sample size, which is common in a large retrospective cohort
study. The administrative claims database did not measure
socioeconomic status which could be a confounding variable.
Data was not collected at specific timepoints. Data was col-
lected as part of routine clinical practice which could have
introduced sampling bias.

Conclusions

Having a stroke, MI, or PAD in addition to T2DM was signifi-
cantly associated with increased utilization of healthcare
resources and healthcare costs over a one-year period.
Treatments that lower the risk of stroke, MI, and/or PAD in
patients with T2DM may lead to cost savings and

improvements in clinical outcomes. Prevention of PAD in
patients with T2DM may offer the greatest opportunity for
cost savings (at a health plan population level) due to the
higher frequency and total cost of PAD in the population
studied. Further research is needed to investigate the cost-
effectiveness of specific medication regimens for reducing
the risk of stroke, MI, and PAD in patients with T2DM.
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