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ABSTRACT

Background: The economic burden associated with type 2 diabetes mellitus (T2DM) and concurrent
cardiovascular disease (CVD) among patients with COVID-19 is unclear.

Objective: We compared healthcare resource utilization (HCRU) and costs in patients with COVID-19
and T2DM and CVD (T2DM + CVD), T2DM only, or neither T2DM nor CVD (T2DM/CVD).

Methods: A retrospective observational study in COVID-19 patients using data from the Health-
care Integrated Research Database (HIRD®) was conducted. Patients with COVID-19 were identified
between March 1, 2020, and May 31, 2021, and followed from first diagnosis or positive lab test
to the end of health plan enrollment, end of study period, or death. Patients were assigned one of 3
cohorts: pre-existing T2DM+CVD, T2DM only, or neither T2DM/CVD. Propensity score matching
and multivariable analyses were performed to control for differences in baseline characteristics. Study

outcomes included all-cause and COVID-19-related HCRU and costs.

Results: In all, 321232 COVID-19 patients were identified (21 651 with T2DM + CVD, 28 184 with
T2DM only, and 271397 with neither T2DM/CVD). After matching, 6967 patients were in each
group. Before matching, 46.0% of patients in the T2DM + CVD cohort were hospitalized for any
cause, compared with 18.0% in the T2DM-only cohort and 6.3% in the neither T2DM/CVD cohort;
the corresponding values after matching were 34.2%, 26.0%, and 21.2%. The proportion of patients
with emergency department visits, telehealth visits, or use of skilled nursing facilities was higher in
patients with COVID-19 and T2DM + CVD compared with the other cohorts. Average all-cause costs
during follow-up were $12324, $7882, and $7277 per patient per month after matching for patients
with T2DM + CVD, T2DM-only, and neither T2DM/CVD, respectively. COVID-19-related costs
contributed to 78%, 75%, and 64% of the overall costs, respectively. The multivariable model showed
that per-patient-per-month all-cause costs for T2DM + CVD and T2DM-only were 54% and 21%
higher, respectively, than those with neither T2DM/CVD after adjusting for residual confounding.

Conclusion: HCRU and costs in patients were incrementally higher with COVID-19 and pre-existing
T2DM + CVD compared with those with T2DM-only and neither T2DM/CVD, even after accounting
for baseline differences between groups, confirming that pre-existing T2DM + CVD is associated with in-
creased HCRU and costs in COVID-19 patients, highlighting the importance of proactive management.

BACKGROUND

in approximately 5% to 36% of patients with COVID-19.>5 The
comorbidity burden and diabetes-related complications are expected

The World Health Organization declared COVID-19 a global pan-
demic in March 2020. The disease has so far affected approximately
761071826 people and contributed to 6879677 deaths globally as
of March 21, 2023." Diabetes is a common comorbidity, reported

to increase the risk of adverse outcomes and raise the healthcare
resource utilization (HCRU) and costs among patients with COVID-
19. Numerous studies have shown that patients with diabetes are at

higher risk for developing severe COVID-19 and have a higher risk
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for increased mortality compared with those without diabetes.*” A
study reported that the cost per hospital admission during the first
wave of COVID-19 was remarkably higher for patients with type 2
diabetes mellitus (T2DM) compared with those without T2DM: EUR
€25018 for those with optimal glycemic levels, €46 130 for those with
suboptimal glycemic levels compared with patients without diabetes
(€16993).° In addition, a poor prognosis in patients with COVID-19
and diabetes is suggested to be linked to other comorbidities commonly
present with diabetes mellitus, such as cardiovascular disease (CVD).¢

Cardiovascular disease affects 32.2% of patients with T2DM
globally and is a major cause of death and disability."® Two separate
meta-analyses (N=65484 and N=4448 patients with COVID-19,
respectively) have shown that pre-existing CVD was associated with
a high risk of mortality and severe COVID-19."'* In a study in Ban-
gladesh, the co-occurrence of CVD and diabetes in patients with
COVID-19 was one of the main predictors of poor prognosis and
mortality (odds ratio [OR]: 6.98; 95% CI: 4.21-7.34).13

The emerging evidence explains the adverse impact of both
T2DM and CVD on COVID-19 outcomes.*®'"'? However, the
impact of concurrent CVD+T2DM in patients with COVID-19
is evaluated in a limited number of studies'?; in particular, the data
regarding HCRU and costs are scarce. The current retrospective data-
base study was performed to compare the economic burden, including
all-cause and COVID-19-related HCRU and costs, in 3 COVID-19
patient cohorts—those with pre-existing T2DM + CVD, T2DM-only,
and neither T2DM/CVD.

METHODS

Study Design and Settings

This was an observational cohort study of patients with COVID-19
using the data from the Healthcare Integrated Research Database
(HIRD®), a proprietary insurance claims database. The HIRD is an
administrative claims database of medical, pharmacy, and beneficiary
eligibility and laboratory results data from commercial and Medicare
Advantage health plans with members in all 50 US states. Mortality
status was determined from a combination of the Social Security Death
Index, claims-based inpatient discharge status, reasons for health plan
disenrollment, and third-party obituary data. The HIRD is also linked
to the 2017 American Community Survey for census block group-level
socioeconomic status.

The data were used in full compliance with the relevant provisions
of the Health Insurance Portability and Accountability Act. The study
was conducted under the research provisions of Privacy Rule 45 CFR
164.514(e) and was exempt from Institutional Review Board review.

Patient Identification

Patients with COVID-19, as defined by at least 1 COVID-19 med-
ical claim (International Classification of Diseases [ICD] Tenth Revi-
sion, Clinical Modification: U0.71) in inpatient/emergency depart-
ment (ED)/outpatient settings or at least 1 COVID-19 positive
laboratory-confirmed test (either molecular or antigen test) between
March 1, 2020, and May 31, 2021, were identified from the database
(Supplementary Figure S1). The index date was defined as the earliest
date of a medical claim with a COVID-19 diagnosis or a positive lab-
oratory test (either molecular or antigen test) for COVID-19. Patients
were at least 18 years old as of the index date and had continuous health
plan enrollment for at least 12 months before the index date. They were
excluded if they had type 1 diabetes mellitus (T1DM) before the index
date. TIDM was defined as having at least 2 claims for T1IDM on dis-
tinct dates and at least 1 claim for insulin or an insulin pump and no
fill for non-insulin diabetes medications except metformin.

Patients were classified into 1 of 3 cohorts by the presence of T2DM
and CVD before COVID-19 infection. The first cohort, defined as
T2DM + CVD, consisted of patients with COVID-19 who had both
T2DM and CVD before the index date. T2DM was defined as hav-
ing at least 2 claims for T2DM on distinct dates or at least 1 claim
for T2DM and at least 1 prescription fill for antidiabetic medications
(including insulin). CVD was defined as having at least 1 claim in the
inpatient/ED setting or at least 2 claims in the outpatient setting for
any of the following cardiac diseases/events or vascular diseases: myo-
cardial infarction, stroke, transient ischemic attack, unstable angina,
other cerebrovascular diseases, peripheral artery disease, coronary revas-
cularization procedure, other coronary heart diseases, and heart failure.
The second cohort, defined as T2DM-only, consisted of patients with
COVID-19 who had T2DM and no claims for CVD before the index
date. The third cohort consisted of patients with COVID-19 with nei-
ther T2DM nor CVD, who had no claims with a diagnosis for T2DM
or CVD before the index date. The ICD-10-CM codes are included
in Supplementary Table S1. Patients were followed from the index
date until health plan disenrollment, end of the study period, or death,
whichever occurred first.

Study Outcomes

The economic outcomes included all-cause and COVID-19-related
HCRU and healthcare costs. The HCRU included inpatient hospital-
ization, ED visits, use of outpatient services, use of skilled nursing facil-
ities, and frequency of pharmacy prescription fills. HCRU is presented
as the number of patients with at least 1 encounter. The number of
encounters and healthcare costs were reported as per patient per month
(PPPM) to account for variable length of follow-up. In addition, aver-
age monthly healthcare costs of patients who were alive and not lost
to follow-up were reported for up to 12 months following the index
date after partitioning the follow-up duration into monthly intervals
post-index. Total costs were defined as the sum of the medical and
pharmacy costs for both the plan-paid (by all payers) and the patient-
paid (sum of co-pay, coinsurance, and deductible) services. Healthcare
medical encounters and costs were considered to be related to COVID-
19 if the claims had a COVID-19 diagnosis code in the primary or
secondary position. All costs were adjusted to 2020 US dollars based
on the Consumer Price Index of the US Bureau of Labor Statistics.

Statistical Analysis

Categorical variables were presented as frequency and percentage, while
continuous variables were presented as mean + SD and median (inter-
quartile range [IQR]). A comparative analysis between the 3 cohorts
was conducted using a one-way analysis of variance or Kruskal-Wallis
test for continuous variables and 2 tests or Fisher’s exact test for cate-
gorical variables, as applicable.

Propensity score matching was performed to balance the base-
line characteristics between the 3 study cohorts. A propensity score
for each patient was estimated by fitting a logistic regression model.
The dependent variable was cohort status; the independent variables
included patient age on the index date, sex, geographic region, Medi-
care Advantage enrollment, baseline Quan-Charlson Comorbidity
Index, and socioeconomic status. Patients were matched on propen-
sity score using a prespecified caliper of 0.05. They were also exactly
matched on COVID-19 diagnosis month and year to account for
the COVID-19 treatment guidelines and vaccination, which evolved
during the pandemic. Two propensity-matched cohorts were iden-
tified: 1:1 propensity-matched cohorts of neither T2DM/CVD vs
T2DM-only, and another 1:1 matched cohort of neither T2DM/CVD
vs T2DM + CVD. The common patients of both cohorts were iden-
tified to form a final 1:1:1 matched cohort. The balance between the
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matched cohorts was assessed using standardized differences. A stan-
dardized difference of more than 0.2 would indicate the possibility of
an imbalance between cohorts.'

After matching, generalized linear models using a log link func-
tion and vy distribution were used to examine the healthcare costs for
the 3 study cohorts while adjusting for potentially remaining residual
confounding.

RESULTS

From the database, initially, 585845 individuals with a COVID-19
diagnosis claim or positive COVID-19 lab test were identified. Of
these patients with COVID-19, 376873 had continuous health plan
enrollment for at least 12 months before the index date, were at least
18 years old, and had no TIDM (Figure 1). After excluding 55 641
patients (patients with CVD only, only 1 claim for T2DM with-
out antidiabetics, or only 1 outpatient claim for CVD), there were
21651 patients with pre-existing T2DM + CVD, 28 184 patients with
T2DM-only, and 271397 patients with neither T2DM/CVD. After
propensity score matching, the final matched sample comprised 6967
patients in each of the 3 cohorts.

Baseline Characteristics

The demographic and clinical characteristics are presented in Table
1. Before propensity score matching, patients with COVID-19 and
pre-existing T2DM + CVD were significantly older on their index date
than those with neither condition (69.9 +13.1 years, 54.5+ 11.7 years,
and 40.9+14.5 years for patients with T2DM + CVD, T2DM-only,
and neither T2DM/CVD, respectively; P<.001). Similarly, patients
with COVID-19 and pre-existing T2DM + CVD had a greater comor-
bidity burden than those with neither condition. After propensity
score matching, the patient demographics and comorbidity indexes
of the 3 cohorts were well balanced. However, residual differences
remained in several baseline clinical conditions, such as hypertension,

obesity, and chronic kidney disease, which were more frequent in the
T2DM + CVD cohort, whereas cancer was found more commonly in
the T2DM-only cohort.

Healthcare Resource Utilization Following COVID-19 Infection
Before propensity score matching, 46.8% of patients with COVID-19
and T2DM + CVD were hospitalized (all-cause), followed by 18.0%
of those in the T2DM-only cohort, and 6.3% of those in the cohort
of neither T2DM/CVD. COVID-19-related hospitalization followed
a similar trend, and the proportions of patients hospitalized in the 3
cohorts were 38.4%, 15.2%, and 4.3%, respectively (Supplementary
Table S2). After matching, 34.2%, 26.0%, and 21.2% of patients
were hospitalized for any cause in the T2DM + CVD cohort, T2DM-
only cohort, and in the cohort of neither T2DM/CVD, respectively
(Table 2). COVID-19-related hospitalization followed a similar
trend, and the highest percentage of hospitalized patients was seen in
the T2DM + CVD cohort compared with patients from the other 2
cohorts after matching (Table 2).

Before matching, 20.9% of patients with COVID-19 and
T2DM + CVD were readmitted to the hospital (all-cause hospital-
ization) within 30 days of being discharged; a percentage that was
considerably higher compared with 9.5% of patients with COVID-
19 and T2DM-only, and 8.3% of patients with COVID-19 and
neither T2DM/CVD. COVID-19-related 30-day readmission fol-
lowed a similar trend, with the highest percentage of readmitted
patients seen in the T2DM + CVD cohort compared with the other 2
cohorts (Supplementary Table S2). After matching, 17.5%, 11.9%,
and 12.7% of patients were readmitted within 30 days (all-cause) in
the T2DM + CVD, the T2DM-only, and the neither T2DM/CVD
cohort, respectively. A similar pattern was seen for COVID-19-related
30-day readmission and the highest percentage of readmitted patients
was observed in the T2DM + CVD cohort compared with the other 2
cohorts after matching (Table 2).

Figure 1. Flow Chart of the Study Population
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Abbreviations: CVD, cardiovascular disease; TIDM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
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Table 2. All-Cause and COVID-19-Related HCRU in Propensity-Matched Cohorts

All-Cause HCRU

COVID-19-Related HCRU

Variables Neither T2DM/CVD  T2DM-Only T2DM + CVD PValue Neither T2DM/CVD T2DM-Only T2DM + CVD PValue
(N=6967) (N=6967) (N=6967) (N=6967) (N=6967) (N=6967)

Outpatient—other 6022 (86.4) 5912 (84.9) 5893 (84.6) .004 3547 (50.9) 3371 (48.4) 3192 (45.8) <.001

Skilled nursing facility 189 (2.7) 192 (2.8) 360 (5.2) <.001 125 (1.8) 107 (1.5) 226 (3.2) <.001

Pharmacy prescription fills 6022 (86.4) 6350 (91.1) 6373 (91.5) <.001 776 (11.1) 811 (11.6) 882 (12.7) <.018

No. of fills per month 1.5+1.7 22+2.0 2.8+2.3 <.001 0.0£0.2 0.0£0.3 0.1+£0.3 .026

B Djaraher R, ez al. Djaraher R, ez al.
Table 1. Patient Demographics and Clinical Characteristics Table 1. Patient Demographics and Clinical Characteristics
Variables Before Matching After Matching Variables Before Matching After Matching
Neither T2DM/CVD  T2DM-Only T2DM + CVD Neither T2DM/ T2DM-Only T2DM +CVD Standardized Difference Neither T2DM/CVD  T2DM-Only T2DM + CVD Neither T2DM/ T2DM-Only T2DM +CVD Standardized Difference
(N=271397) (N=28184) (N=21651) CVD (N=6967) (N=6967) (N=6967) (T2DM-Only vs Neither, (N=271397) (N=28184) (N=21651) CVD (N=6967) (N=6967) (N=6967) (T2DM-Only vs Neither,
T2DM + CVD vs Neither) T2DM + CVD vs Neither)
Follow-up duration (mo), mean (SD) 5.4+3.0 5.5+3.1 5.2+3.4 5.4+3.0 5.4+3.0 5.3+3.0 -0.01, -0.02 Chronic kidney disease 2308 (0.9) 1682 (6.0) 6711 (31.0) 667 (9.6) 1019 (14.6) 1280 (18.4) 0.16, 0.26
Demographics Autoimmune diseases 5402 (2.0) 894 (3.2) 1245 (5.8) 461 (6.6) 311 (4.5) 330 (4.7) -0.09, -0.08
Age (y) on index date, mean (SD) 40.9+14.5 54.5+11.7 69.9+13.1 63.6+10.8 62.7+10.2 62.7+10.8 -0.08, -0.08 End-stage renal disease 104 (0.0) 88 (0.3) 1012 (4.7) 14 (0.2) 40 (0.6) 209 (3.0) 0.06, 0.22
Male, n (%) 124842 (46.0) 13557 (48.1) 11507 (53.2) 3833 (55.0) 774 (54.2) 3843 (55.2) 0.02, 0.00 Organ transplant 389 (0.1) 127 (0.5) 343 (1.6) 49 (0.7) 55 (0.8) 104 (1.5) 0.01, 0.08
Female, n (%) 146555 (54) 14627 (51.9) 10144 (46.9) 3134 (45.0) 3193 (45.8) 3124 (44.8) 0.02, 0.00 HIV/AIDS 580 (0.2) 99 (0.4) 69 (0.3) 135 (1.9) 60 (0.9) 20 (0.3) -0.09, -0.16
Geographic region, n (%) 0.09, 0.15 Chronic liver disease 425 (0.2) 110 (0.4) 167 (0.8) 94 (1.3) 67 (1.0) 46 (0.7) -0.04, -0.07
West 47941 (17.7) 4259 (15.1) 3105 (14.3) 789 (11.3) 914 (13.1) 769 (11.0) Before matching: all P values <.01; after matching: the standardized differences were reported for both T2DM vs neither and T2DM + CVD vs neither.
South 99026 (36.5) 11315 (40.2) 5898 (27.2) 2493 (35.8) 2679 (38.5) 2372 (34.0) Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; SES, socioeconomic status; T2DM, type 2 diabetes mellitus.
Northeast 42056 (15.5) 3833 (13.6) 4487 (20.7) 1144 (16.4) 1036 (14.9) 1251 (18.0)
Midwest 81865 (30.2) 8745 (31.0) 8154 (37.7) 2538 (36.4) 2331 (33.5) 2572 (36.9) Table 2. All-Cause and COVID-19-Related HCRU in Propensity-Matched Cohorts
Missing 509 (0.2) 32 (0.1) <10 <10 <10 <10 All-Cause HCRU COVID-19—Related HCRU
COVID-19 diagnosis date, n (%) 0.09, 0.00 Variables Neither T21DM/CVD ~ T2DM-Only T2DM + CVD PValue  Neither T2DM/CVD T2DM-Only T2DM + CVD PValue
March 2020-Oct. 2020 76422 (28.2) 8013 (28.5) 6986 (32.3) 1787 (25.7) 1787 (25.7) 1787 (25.7) (N=6967) (N=6967) (N=6967) (N=6967) (N=6967) (N=6967)
Nov. 2020—Feb. 2021 159006 (58.6) 16962 (60.2) 12544 (57.9) 4524 (64.9) 4524 (64.9) 4524 (64.9) Duration of hospital stay, days 8.9+10.5 9.9+11.1 9.5+10.5 <.001 9.9+11.6 10.9+11.9 10.9+12.4 .003
Insurance type -0.01, 0.07 30-day readmissions 187 (12.7) 216 (11.9) 418 (17.5) <.001 95(7.9) 125 (8.0) 194 (10.1) .042
Commercial health plan 262347 (96.7) 24042 (85.3) 8744 (40.4) 4763 (68.4) 4806 (69.0) 4545 (65.2) ED visits 1420 (20.4) 1705 (24.5) 1991 (28.6) <001 905 (13.0) 1159 (16.6) 1153 (16.5) <.001
Medicare Advantage health plan 8062 (3.0) 3810 (13.5) 10511 (48.6) 2204 (31.6) 2161 (31.0) 2422 (34.8) Outpatient services 6749 (96.9) 6707 (96.3) 6685 (96.0) 013 5166 (74.1) 5119 (73.5) 5022 (72.1) 019
Medicare—other 988 (0.4) 332 (1.2) 2396 (11.1) _ _ _ In-person physician-office visits 6088 (87.4) 6211 (89.1) 6151 (88.3) .005 3187 (45.7) 3257 (46.7) 3003 (43.1) <.001
Neighborhood-level SES index score, mean (SD)  54.8+6.1 53.0+5.5 53.5+5.9 53.1£5.7 52.3+5.4 53.1+5.5 ~0.14, 0.00 No. of visits per month 0916 1.0£1.6 11:1.4 <.001 02+1.1 02:+13 0.2:0.9 <.001
Bascline clinical characteristics Telehealth visits 2802 (40.2) 3054 (43.8) 3366 (48.3) <.001 2364 (33.9) 2637 (37.8) 2916 (41.9) <.001
Quan-Charlson comorbidity index, mean (SD) 0.2+0.7 0.7£1.2 2.7£2.3 1.5+1.7 1.5+£1.6 1.7£2.0 0.01, 0.07 Durable medical equipment use 1106 (15.9) 1376 (19.8) 1830 (26.3) <.001 226 (3.2) 347 (5.0) 304 (4.4) <.001
Clinical conditions, n (%) Imaging 2443 (35.1) 2343 (33.6) 3119 (44.8) <.001 117 (1.7) 132 (1.9) 172 (2.5) .003
Hypertension 43 364 (16) 18296 (649) 19585 (905) 3306 (475) 5324 (764) 6034 (866) 0.62, 0.92 Medication and related services 2236 (32.1) 2358 (338) 2679 (385) <.001 335 (48) 417 (60) 449 (64) <.001
Severe obesity (BMI 240 kg/m?) 12959 (4.8) 5397 (19.2) 4175 (19.3) 438 (6.3) 154 (16.6) 1489 (21.4) 0.33,0.45 Procedures 2289 (32.9) 2276 (32.7) 2738 (39.3) <.001 43 0.6) 92 (1.3) 83 (1.2) <001
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Data are presented as mean + SD or median (IQR) or n (%).

P value for comparison of 3 cohorts calculated using ¥? test or Fisher's exact test for categorical variables and ANOVA or Kruskal-Wallis test for continuous variables.
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Abbreviations: ANOVA, analysis of variance; CVD, cardiovascular disease; ED, emergency department; HCRU, healthcare resource utilization; IQR, interquartile range; T2DM, type 2 diabetes mellitus.
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Before matching, the all-cause median duration of hospi-
tal stay was longer for patients with COVID-19 and pre-existing
T2DM +CVD (7.0 days, IQR: 4.0-11.5 days), and for those with
T2DM only (6.0 days, IQR: 4.0-10.0 days), compared with patients
who had neither condition (5.0 days, IQR: 3.0-7.0 days). Similarly,
the COVID-19-related median duration of hospital stay was longer
among patients with COVID-19 and pre-existing T2DM + CVD (7.0
days, IQR: 5.0-13.0 days), and for those with T2DM-only (6.0 days,
IQR: 4.0-11.0 days), compared with patients who had neither condi-
tion (6.0 days, IQR: 4.0-9.0 days) (Supplementary Table S2). After
matching, the all-cause median duration of hospital stay was 6.0 days
(IQR: 4.0-11.0 days) in patients with COVID-19 and T2DM + CVD,
and in patients with COVID-19 and T2DM-only, and 6.0 days (IQR:
4.0-10.0 days) in patients with COVID-19 who had neither T2DM/
CVD (Table 2). The COVID-19-related median duration of hospital
stay in the 3 cohorts was 7.0 (IQR: 5.0-12.0 days), 7.0 (IQR: 4.5-12.0
days), and 6.0 (IQR: 4.0-11.0 days) days, respectively (Table 2).

The all-cause and COVID-19—related use of ED visits, telehealth
visits, the number of in-person physician office visits PPPM, use of
other physician services, use of skilled nursing facilities, and pharmacy
prescription filling showed similar patterns, with the highest utilization
observed in patients with COVID-19 and pre-existing T2DM + CVD
compared with the other 2 cohorts before (Supplementary Table S2)
and after (Table 2) propensity score matching analyses.

In summary, there was a trend for a higher all-cause and COVID-
19—related utilization of healthcare resources among patients with
COVID-19 and pre-existing T2DM+CVD, and in those with

COVID-19 and T2DM-only, compared with patients with COVID-
19 and neither T2DM/CVD, both before and after propensity score
matching analysis.

Healthcare Costs Following COVID-19 Infection

The average all-cause costs during follow-up, presented as PPPM, were
US $14790, $5717, and $1891 before matching (Supplementary
Figure S2), and $12324, $7882, and $7277 after matching (Figure
2), for patients with COVID-19 and pre-existing T2DM + CVD,
COVID-19 and T2DM-only, and patients with COVID-19 and
neither T2DM/CVD, respectively. The costs attributable to COVID-
19 were 77.9%, 74.9%, and 63.7% of total all-cause costs before
matching, and 75.4%, 77.3%, and 75.6% of total all-cause costs after
matching for patients with pre-existing T2DM + CVD, T2DM-only,
and patients with neither T2DM/CVD, respectively. Inpatient med-
ical expenses accounted for most all-cause and COVID-19-related
costs.

After the multivariable adjustment, patients with COVID-19 and
pre-existing T2DM + CVD had 54% higher PPPM costs compared
with patients with COVID-19 who had neither T2DM/CVD (all-
cause OR: 1.54; 95% CI: 1.44-1.63). Similarly, patients with COVID-
19 and T2DM-only had 21% higher PPPM (all-cause OR: 1.21, 95%
CI: 1.14-1.28; COVID-19—related OR: 1.28; 95% CI: 1.17-1.39)
compared with those with COVID-19 and neither T2DM/CVD
(Supplementary Table S3). Factors associated with increased PPPM
cost included age at least 55 years, male sex, patients in the 3rd quartile
of socioeconomic status, baseline Quan-Charlson Comorbidity Index

Figure 2. Mean Healthcare Costs Per-Patient-Per-Month After Propensity Score Matching
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Figure 3. Mean Monthly All-Cause Costs After Propensity Score Matching
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at least 1, and comorbid chronic kidney disease or prior occurrence
of acute respiratory distress syndrome/respiratory failure. Patients with
COVID-19 in the south and midwest of the US had lower PPPM
costs than those in the west of the country. Patients with COVID-19
who enrolled in a Medicare Advantage health plan had lower PPPM
costs compared with those enrolled with a commercial health plan,
most likely due to differences in contracted rates. Similarly, compared
with patients with COVID-19 in the Ist quartile of socioeconomic
status, patients in 2nd and 4th quartiles of socioeconomic status had
lower PPPM costs. The average monthly healthcare costs increased
during the first month after contracting COVID-19, then decreased
but remained above pre-COVID-19 costs in before (P<.05) (Supple-
mentary Figure 83) and after (P<.001) matching analyses (Figure 3).
The average monthly healthcare costs were highest for patients with
COVID-19 with pre-existing T2DM + CVD compared with those in
the other 2 cohorts before (Supplementary Figure $3) and after (Fig-
ure 3) propensity score-matching analysis.

In summary, among the 3 cohorts of patients with COVID-
19, those with pre-existing T2DM + CVD had higher all-cause and
COVID-19-related healthcare costs compared with those with
T2DM-only, and those with neither T2DM/CVD, before and after
propensity score matching analysis.

DISCUSSION

To our knowledge, this was the first study that evaluated HCRU and
costs in patients with COVID-19 and pre-existing T2DM + CVD. Both
before and after propensity score matching and multivariable adjust-
ment, patients with COVID-19 and T2DM + CVD had higher HCRU
and costs than patients with COVID-19 and neither T2DM/CVD.

In the present study, a higher percentage of patients were hos-
pitalized or readmitted within 30 days of being discharged in the
T2DM-only cohort compared with those in the cohort of neither
T2DM/CVD. The healthcare costs were also higher for the patients in
the T2DM-only cohort compared with those in the cohort of neither
T2DM/CVD. These findings are in alignment with the adverse impact
of diabetes on the HCRU and costs, which has been reported in the
literature in patients with COVID-19.%!>1¢ For example, Ko and col-
leagues estimated that individuals with diabetes were at greater than
3 times the risk for COVID-19-associated hospitalization compared
to those without diabetes (adjusted risk ratio=3.2; 95% CI: 2.5-4.1)
across 12 states within the United States. These results were consis-
tent with what Gregory et al observed in a large, single US healthcare
system, with individuals with T2DM having greater than 3 times the
odds of a COVID-19-associated hospitalization (adjusted odds ratio =
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3.4; 95% CI: 2.5-4.6). However, more information was needed on
the HCRU and cost burden associated with T2DM that is concur-
rently present with CVD in patients with COVID-19. The cost for
disease management in patients with COVID-19 and T2DM was esti-
mated by Bain and colleagues and shown to be higher in patients with
pre-existing T2DM compared with those without T2DM.® Our study
showed an incremental increase in HCRU and costs in patients with
COVID-19 and pre-existing T2DM + CVD compared with those with
T2DM-only or neither T2DM/CVD.

The present study results confirm that pre-existing T2DM + CVD
is associated with increased HCRU and costs in patients with COVID-
19, highlighting the importance of proactive management of patients
with COVID-19, which may include a comprehensive assessment of
those with pre-existing T2DM + CVD presenting in the inpatient or
outpatient setting, COVID-19 therapies suitable for this patient pop-
ulation, COVID-19 vaccination campaigns raising awareness for such
patients, and optimal use of antidiabetic medications where appropri-
ate. Glycemic control using sodium-glucose co-transporter-2 (SGLT-
2) inhibitors and glucagon-like peptide-1 (GLP-1) receptor agonists
are some of the recommended treatment approaches for patients
with T2DM who have CVD comorbidity."” A network meta-analysis
showed that SGLT-2 inhibitors and GLP-1 receptor agonists effectively
reduced the risk of cardiovascular and all-cause mortality in patients
with T2DM + CVD.'® Such approaches could have a positive impact
on cardiovascular outcomes in patients with COVID-19 who have
pre-existing T2DM and concurrent CVD."

Limitations

This study has a few limitations that require consideration. There is a
possibility of underestimation or overestimation of costs, depending
on how they were being reported, due to selection bias, as patients
who did not seek medical care (including those who were not tested
or did not report COVID-19 infection, or those with asymptomatic
infections) would not have available data and therefore would not have
been included.

There were confounding factors that we could not control for,
such as incomplete clinical information on vaccine administration,
because such information was underreported in administrative claims
data at the beginning of vaccination administration. However, the 3
cohorts were matched on their COVID-19 diagnosis timing to ensure
that they were comparable in terms of their opportunity for exposure to
vaccine and treatment protocols, which changed throughout the pan-
demic. Also, diabetes severity was not accounted for in the matching or
multivariate models. In addition, the study estimated the direct costs
only; it did not account for any additional indirect costs or investigate
the costs of the long-term sequelae of COVID-19. Moreover, the doc-
umented hospital length of stay could be biased as patients who died
were likely to have a shorter length of stay than those who survived.

Finally, this study was limited to patients with Medicare Advan-
tage and commercial health insurance coverage, which may reduce the
generalizability of these results to other populations, such as traditional
Medicare and Medicaid patients and the uninsured patient population.

CONCLUSIONS

The current study presents real-world data from a large commer-
cial health insurance and Medicare Advantage population, estimat-
ing HCRU and costs for patients with COVID-19 and pre-existing
T2DM + CVD. These patients have incrementally higher HCRU and
costs compared with those with COVID-19 and T2DM-only, and
those with COVID-19 and neither T2DM/CVD, even after account-
ing for baseline differences between groups. Our results highlight

the need for healthcare systems and health insurance payers to adopt
thorough assessment and management strategies to mitigate the eco-
nomic burden associated with patients with COVID-19 who also have
pre-existing T2DM + CVD.
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