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Abstract

Background This study aimed to identify the current risk factors for coronavirus disease 2019 severity and examine
its association with medication use.

Methods We used data from a large United States electronic health record database to conduct an anonymized
cohort study of 171,491 patients with coronavirus disease 2019. The study was conducted from January 1, 2020,

to August 27,2021. Data on age, race, sex, history of diseases, and history of medication prescriptions were analyzed
using the Cox proportional hazards model analysis to calculate hazard ratios for hospitalization and severe risk.

Results Factors that increased the risk of hospitalization and critical care were age > 65 years, male sex, type 2
diabetes, hypertension, interstitial pneumonia, and cardiovascular disease. In particular, age > 65 years significantly
increased the risk of hospitalization (hazard ratio, 2.81 [95% confidence interval, 2.58-3.07]; P<0.001) and critical
care (hazard ratio, 3.45 [2.88-4.14]; P<0.001). In contrast, patients with hyperlipidemia had a reduced risk. However,
patients with hyperlipidemia who were not taking statins had a significantly increased risk of hospitalization (hazard
ratio, 1.24 [1.16-1.34]; P<0.001). Sodium-glucose cotransporter-2 inhibitors, angiotensin-converting enzyme inhibi-
tors, angiotensin Il receptor blockers, glucocorticoids, and statins significantly reduced the risk of hospitalization
and critical care. The risk of hospitalization and critical care increased in patients of all ethnicities with type 2 diabetes.
The factors that significantly increased the risk of hospitalization in all regions were older age, hypertension, chronic
obstructive pulmonary disease, and cardiovascular disease.

Conclusion This study identified factors that increase or reduce the risk of severe coronavirus disease. The provi-
sion of appropriate drug treatment and modification of lifestyle-related risk factors may reduce coronavirus disease
severity.
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Introduction
Studies on the risk factors for severe coronavirus dis-
ease 2019 (COVID-19) have been conducted worldwide
in patients with varying demographic characteristics.
Older age, male sex, obesity, and certain diseases such as
hypertension and diabetes have been reported as risk fac-
tors for severe disease [1-3]. Several studies indicate that
there are differences in the risk of severe disease among
races and regions [4—6]. According to the 2020 United
States Census, 57.8% of the population is non-Hispanic
White, 18.7% is Hispanic, 12.1% is non-Hispanic Black,
and 6% is non-Hispanic Asian. Obesity prevalence is 41%,
diabetes is 10%, and hypertension is 47% [7]. Therefore,
many Americans have high-risk factors for COVID-19.
Several studies have shown that drug therapy for the
underlying disease is not associated with a substantial
increase in the risk of COVID-19 severity, suggesting that
metformin, sodium-glucose cotransporter-2 (SGLT2)
inhibitors, and beta blockers may improve the conversion
[8, 9]. There are reports that statins and angiotensin-con-
verting enzyme (ACE) inhibitors/angiotensin II recep-
tor blockers (ARBs) have reduced the risk of COVID-19
severity [10, 11]. Patients with risk factors for COVID-
19 severity could be at a reduced risk with these agents;
however, the relationship between the risk of COVID-19
severity and race, region, underlying disease, and medica-
tion has not been adequately investigated. Many previous
studies have used data from the early stages of the pan-
demic, which may not reflect the most recent situation.
Therefore, this study aimed to use information available
from a large United States electronic health record (EHR)
database to identify current risk factors for COVID-19
severity, and to examine the association between medica-
tion and COVID-19 severity.

Materials and methods

Study design and date source

This study used medical and pharmacy claims data and
electronic medical records from the Healthjump data-
base (Healthjump Inc., Philadelphia, PA, USA) provided
by the COVID-19 Research Database Consortium. All
personal information in this database is anonymized. The
Healthjump configuration tables consist of demographic
(patient background), diagnosis (diagnosis name), medi-
cation, and procedure (treatment) data variables. Data
were extracted by SQL using Snowflake (Snowflake Inc.,
San Mateo, CA, USA).

Data analysis

From January 1, 2020, to August 27, 2021, in the United
States, 171,491 patients who had (1) a diagnosis of
COVID-19 (International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision;
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ICD-10: U17.1) and (2) were aged 20 years or older were
included in this study. Patients were excluded if they (1)
were younger than 20 years of age; (2) had missing race
and sex; (3) had a body mass index (BMI) <15 kg/m? or
BMI>50 kg/m?% or (4) had suspected COVID-19, but
no confirmed diagnosis. Data obtained from the EHR
included date of diagnosis, race (White, Black, Asian,
other, or unknown), ethnicity (Hispanic, non-Hispanic,
or unknown), region (Northeast, Midwest, South, or
West), hospitalization and critical care status, age, sex,
and BMI (value on the date closest to the date of diagno-
sis in the past 6 months). In addition, data on history of
diseases that are considered to be significant risk factors
for COVID-19 severity (type 2 diabetes [ICD-10: E11.65,
E11.8, E11.9], hypertension [ICD-10: I10], hyperlipidemia
[ICD-10: E78], obesity [BMI > 30 kg/m? as defined by the
Centers for Disease Control and Prevention], asthma
[ICD-10: J45], chronic obstructive pulmonary disease
[COPD] [ICD-10: J44], interstitial pneumonia [ICD-10:
J84], cardiovascular disease [angina pectoris, myocar-
dial infarction, heart failure, and other ischemic heart
disease] [ICD-10: 120, 121, 122, 123, 124, 125, 150]) and
prescription history (whether or not prescribed in the
year prior to diagnosis) of drugs to treat these conditions
were included. This analysis was conducted based on the
methodology used in previous studies [12, 13].

Each state was classified into four regions according
to the United States Census Bureau regional classifica-
tions (https://www.census.gov). The District of Columbia
(Washington, DC) is not part of any state, but is consid-
ered Southern; therefore, it was classified as Southern in
this study.

If more than one value was obtained for each dataset,
the value obtained at the time closest to the diagnosis
of COVID-19 was considered. To evaluate hospitaliza-
tion rates and critical care rates, the Current Procedural
Terminology (CPT) fourth edition (CPT-4) codes and
Healthcare Common Procedure Coding System (HCPCS)
codes used for reimbursement in the United States were
used as references. Patients with a code of hospitalization
(99,221-99,223 in CPT4 and HCPCS) were defined as
hospitalized, those with a code of critical care (99,291—
99,293 in CPT4 and HCPCS) were defined as critical
care, and patients without either of the above codes were
defined as having no admission. The oldest code was used
in place of the CPT4 and HCPCS codes, for diagnosis
in cases where the same code or codes before and after
diagnosis were consecutive or overlapping.

We used these codes for analysis if the patient had
these codes for less than 30 days after being diagnosed
with COVID-19. Sub-analyses were conducted for each
region in the United States and race, with the objective of
determining characteristics by race and region.


https://www.census.gov
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Statistical analysis

Statistical analyses were performed using STATA 16.0
(Stata Corp. LCC., Lakeway, TX, USA). Risk factors for
hospitalization and critical care were analyzed using
Cox proportional hazards model analysis, and haz-
ard ratios (HRs) were calculated. Univariate analysis
was performed with the extracted codes (presence or
absence) set as the independent variables; multivari-
ate analysis was performed for factors with P <0.2. The
significance level for multivariate analysis was set at
P <0.05. The same analysis was performed for hospitali-
zation and critical care by race and region.

Results

Clinical characteristics

The clinical characteristics of the patients, number
of patients with each disease, and number of patients
using each drug for each disease are shown in Table 1.
Among 171,492 COVID-19 patients, 69,887 (40%)
were men, 95,739 (56%) were women, and 56 (<0.1%)
were other. The mean age (+standard deviation) was
51.0£17.6 years and the mean BMI (+standard devia-
tion) was 31.2 + 9.4 kg/m?. The number of hospitalized
patients and those who received critical care services
were 5,812 (3.4%) and 1,704 (1.0%), respectively. The
number of patients by race was White, 92,184 (53.8%);
Black, 21,052 (12.3%); and Asian, 1,440 (0.8%). The
number of patients per region was 19,909 in the North-
east (11.6%), 10,612 in the Midwest (6.2%), 100,574 in
the South (58.6%), and 40,299 in the West (23.5%).

Hospitalization and critical care risks

The results of the multivariate analysis based on
the univariate results for the risks of hospitaliza-
tion and critical care are shown in Fig. 1. The analysis
showed that the factors that significantly increased
the risk of both hospitalization and critical care were
age > 65 years, male sex, type 2 diabetes, hypertension,
interstitial pneumonia, and cardiovascular diseases.
In particular, age> 65 years significantly increased the
risk of hospitalization (HR 2.81, 95% confidence inter-
val [CI] [2.58-3.07], P<0.001) and critical care (HR
3.45 [2.88-4.14], P<0.001). In contrast, SGLT2 inhibi-
tors, ACE inhibitors, ARBs, glucocorticoids, and statins
significantly reduced the risk of hospitalization and
critical care. In our analysis, hyperlipidemia also signif-
icantly reduced the risk of hospitalization and critical
care (HR 0.74 [0.68-0.81], P<0.001/HR 0.54 [0.45-
0.64], P<0.001).
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Sub-analysis of hyperlipidemia
As the risk was reduced in patients with hyperlipi-
demia, a detailed analysis was performed.

Of the patients with hyperlipidemia, 12,517 were pre-
scribed statins and 54,111 were not. The results for the
risk of hospitalization and critical care are shown in
Fig. 2. The analysis showed an HR of 1.24 [95% CI: 1.15—
1.34] (P<0.001) for hospitalization in patients not pre-
scribed statins. Patients with hyperlipidemia who were
not taking statins had a significantly increased risk of
hospitalization (Fig. 2a). In contrast, the HR for critical
care was 1.09 [95% CI: 0.94-1.27] (P=0.261) (Fig. 2b). No
significant differences were found, although there was a
trend toward increased risk.

Differences in risk of hospitalization and critical care
among different races

The results of the multivariate analysis by race are shown
in Fig. 3 for non-Hispanic White patients, Fig. 4 for Black
patients, Fig. 5 for Hispanic patients, and Fig. 6 for Asian
patients.

Diabetes increased the risk of hospitalization and
critical care significantly for all races. Hispanic and non-
Hispanic Black men had a significantly increased risk of
hospitalization and critical care. In contrast, ACE inhibi-
tors significantly reduced both the risk of hospitaliza-
tion and critical care in non-Hispanic White patients
and non-Hispanic Black patients, and reduced the risk
of hospitalization in Hispanic patients. SGLT2 inhibitors
significantly reduced the risk of hospitalization and criti-
cal care in non-Hispanic Black patients. Age 65 years and
older and having a history of cardiovascular diseases sig-
nificantly increased the risk of hospitalization and critical
care for all races except Asian patients.

Differences in risk of hospitalization and critical care
among regional groups

The results of the multivariate analysis by region are
presented in Figs. 7 and 8. The factors that significantly
increased the risk of hospitalization in all regions were
older age, hypertension, COPD, and cardiovascular dis-
ease. ACE inhibitors significantly reduced the risk of hos-
pitalization in the Northeast, Midwest, and South and
significantly reduced the risk of critical care in the South
and West.

Discussion

Consistent with previous results, this study showed
that older age, male sex, and coexisting type 2 diabetes,
hypertension, interstitial pneumonia, COPD, and cardio-
vascular disease were associated with worse COVID-19
outcomes in the United States. This study also showed
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Table 1 Characteristics of patients with COVID-19 in hospitalization and critical care

Total Hospitalization Critical care
Number of patients, n (%) 171,491 5812 (3.4) 1704 (1.0)
Age, mean (SD), years 51.0(17.6) 64.9 (16.6) 64.5(17.6)
Sex (male/female) 73,162/98609 3107/2702 1035/669
BMI mean (SD), kg/m2 32.6(94) 32.5(10.6) 32.8(94)
BMI>30 kg/mz, n (%) 72,387 1871 (2.6) 503(0.7)
Area of residence
Northeast, n (%) 19,909 606 (3.0) 33(0.2)
Midwest, n (%) 10,612 151 (1.4) 3(0)
South, n (%) 100,574 3644 (3.6) 1215(1.2)
West, n (%) 40,299 1411 (3.5) 453 (1.1)
unknown, n (%) 97 0 0
Race and Ethnicity
White, n (%) 92,184 2282 (2.5) 437 (0.5)
Black, n (%) 21,052 963 (4.6) 330(1.6)
Asian, n (%) 1440 57 (4.0) 13 (0.9)
others, n (%) 3336 17 (0.5) 6(0.2)
Hispanic, n (%) 39,553 704 (1.8) 68 (0.2)
unknown, n (%) 13,926 1789 (12.8) 850 (6.1)
T2D and Medications
T2D, n (%) 31,191 1839 (5.9) 540(1.7)
Alpha-glucosidase inhibitor, n (%) 10 1(10.0) 0
DPP4 inhibitor, n (%) 59 0 0
Incretin mimetic, n (%) 3849 96 (2.5) 29(0.8)
Insulin, n (%) 237 7 (3.0) 2(0.8)
Meglitinide, n (%) 32 4(12.5) 0
Metformin, n (%) 4408 106 (2.4) 22 (0.5)
SGLT2 inhibitor, n (%) 3213 81 (2.5) 15 (0.5)
Sulfonylurea, n (%) 2457 54(2.2) 11(0.4)
Thiazolidinedione, n (%) 654 19(2.9) 5(0.8)
Hypertension and Medications
Hypertension, n (%) 65,360 3143 (4.8) 796 (1.2)
Calcium channel blockers, n (%) 5726 183 (3.2) 27 (0.5)
ACE inhibitors, n (%) 6571 136 (2.1) 11(0.2)
ARBs, n (%) 5442 114 (2.1) 21(0.4)
Respiratory Diseases and Medications
Asthma, n (%) 16,528 432 (2.6) 119(0.7)
COPD, n (%) 7334 623 (8.5) 160 (2.3)
Interstitial pneumonia, n (%) 1063 116 (10.9) 24(2.3)
Beta’ stimulants, n (%) 10077 200 (2.0) 24(02)
Theophylline, n (%) 21 0 0
Inhaled glucocorticoids, n (%) 21,839 347 (1.6) 59(0.3)
Mineralocorticoid, n (%) 48 3(6.3) 0
Inhaled anticholinergics, n (%) 3115 142 (4.6) 24 (0.8)
Beta stimulator + steroids combinations, n (%) 6829 225(33) 46 (0.7)
Hyperlipidemia and Medications
Hyperlipidemia, n (%) 66,628 2029 (3.0) 472 (0.7)
Bile acid adsorbent, n (%) 431 11(2.6) 2(0.5)
Ezetimibe, n (%) 837 18 (2.2) 4(0.5)
Fibrates, n (%) 832 15(1.8) 8(1.0)
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Table 1 (continued)

Total Hospitalization Critical care

Other lipid-lowering drugs, n (%) 784 16 (2.0) 4(0.5)

PCSK9 inhibitors, n (%) 197 7(3.6) 1(0.5)

Statins, n (%) 12,517 314 (2.5) 45(0.4)

Combination drugs containing statin, n (%) 77 1(1.3) 0
Cardiovascular disease and Medications

Cardiovascular disease, n (%) 15,783 1419 (9.0) 454 (2.9)

Antiplatelet agents, n (%) 3250 118 (3.6) 16 (0.5)

PAR-1 inhibitors, n (%) 1 0 0

Beta blockers, n (%) 3927 154 (3.9) 32(0.8)

Beta blockers +Thiazolidinedione, n (%) 134 8 (6.0) 0

ACE Angiotensin-converting enzyme, ARB Angiotensin Il receptor blockers, BMI Body mass index, COPD Chronic obstructive pulmonary disease, COVID-19 Coronavirus
disease 2019, DPP-4 Dipeptidyl peptidase 4, PAR-1 Protease activated receptor-1, PCSK9 Proprotein convertase subtilisin/kexin type 9, SD Standard deviation, SGLT2
Sodium-glucose cotransporter-2, T2D Type 2 diabetes

A HR [95%Cl] P value B

Age <65 year |- Reference
Age 265 year |- C 281 [258-3.07] <0.001
Female | Reference
Male - o 124 [1.15-1.34] <0.001
BMI <30 kg/m? | Reference
BMI 230 kg/m? [~ ot 1.06 [0.98-1.16] 0.14 HR [95%Cl] P value
T2D no |- Reference Age <65 year |- Reference
T2D yes |- ot 1.89 [1.73-2.07] <0.001 Age 265 year |- -t 345 [2.88-4.14] <0.001
Metformin no = Reference Female |- Reference
Metformin yes | fh 0.87 [0.70-1.08] 0.199 Male e 1.68 [1.45-1.96] <0.001
SGLT2i o Reference BMI <30 kg/m? | Reference
SGLT2 inhibitors yes |- i 0.70 [0.55-0.89] 0.003 BMI 230 kg/m? | [ 151 [1.27-1.79] <0.001
Glinides no |~ Reference T2D no | Reference
Glinides yes |- ———————— 342 [1.27-9.20] 0.015 T2D yes |- et 2.05 [1.71-2.45] <0.001
Incretin mimetic no - Reference Metformin no Reference
Incretin mimetic yes = i 0.73 [0.59-0.91] 0.004 Metformin yes |- —— 1.04 [0.65-1.68] 0.866
Sulfonylurea no |- Reference SGLT2 inhibitors no = Reference
Sulfonylurea yes |- —— 0.58 [0.44-0.77] <0.001 SGLT2 inhibitors yes = —— 0.44 [0.24-0.78] 0.005
Hypertension no = Reference Sulfonylurea no |- Reference
Hypertension yes |- H 191 [1.73-2.11] <0.001 Sulfonylurea yes |- ——— 059 [0.31-1.13] 0.113
ACE inhibitors no |- Reference Incretin mimetic no |- Reference
ACE inhibitors yes |- ol 0.58 [0.49-0.70] <0.001 Incretin mimetic yes |- —_ 1.06 [0.71-1.59] 0.776
ARBs no |- Reference Hypertension no |- Reference
ARBs yes |- i 0.61 [0.50-0.74] <0.001 Hypertensiton yes |- i 163 [1.34-1.98] <0.001
Calcium channel blockers no |- Reference Calcium channel blockers no |- Reference
Calcium channel blockers yes |- [aal 1.00 [0.83-1.15] 0.787 Calcium channel blockers yes |- —— 0.69 [0.45-1.07] 0.095
Asthma no | Reference ACE inhibitors no |- Reference
Asthma yes |- ] 1.07 [0.95-1.20] 0.273 ACE inhibitors yes -————i 0.19 [0.10-0.35] <0.001
COPD no |- Reference ARBs no |- Reference
COPD yes |- et 1.57 [1.40-1.76] <0.001 ARBs yes |- —— 0.61 [0.38-0.97] 0.036
Interstitial pneumonia no = Reference Asthmano | Reference
Interstitial pneumonia yes |- [ 227 [1.83-2.83] <0.001 Asthma yes |- ot 129 [1.03-1.62] 0.026
Beta, stimulants no |- Reference COPDno |- Reference
Beta, stimulants yes [- o 0.89 [0.76-1.03] 0.118 COPD yes |- —— 1.36 [1.08-1.71] 0.008
Glucocorticoids no |- Reference Interstitial pneumonia no |- Reference
Glucocorticoids yes |- - 0.58 [0.51-0.66] <0.001 Interstitial pneumonia yes |- — 1.93 [1.20-3.10] 0.006
Anticholinergics no = Reference Beta, stimulants yes = —— Reference
Anticholinergics yes [ [aal 0.97 [0.80-1.18] 0.735 Beta, stimulants no |- 045 [0.29-0.71] 0.001
Hyperlipidemia no |~ Reference Inheled glycocorticoids no |- Reference
Hyperlipidemia yes [~ L] 0.74 [0.68-0.81] <0.001 Inheled glycoco - —— 0.47 [0.35-0.63] <0.001
Statins no |- Reference Hyperlipidemia no |- Reference
Statins yes |- [ag] 0.77 [0.67-0.89] <0.001 Hyperlipidemia yes |- (g 0.54 [0.45-0.64] <0.001
Fibrates no |- Reference Statins no |- Reference
Fibrates yes [~ —— 07 [042-1.17] 0.175 Statins yes |- —— 0.52 [0.37-0.74] <0.001
Ezatimibe no - Reference Ezatimibe no |- Reference
Ezatimibe yes |~ —— 0.64 [0.40-1.02] 0.061 Ezatimibe yes |~ —_— 0.77 [0.29-2.08] 0.613
Cardiovascular Disease no |~ Reference Cardiovascular Disease no |- Reference
Cardiovascular Disease yes |~ i 193 [1.76-2.12] <0.001 Cardiovascular Disease yes |- - 2.57 [2.14-3.09] <0.001
Beta-blockers no = Reference Antiplatelet agents no |- Reference
Beta-blockers yes |- - 1.22 [1.02-1.46] 0.03 Antiplatelet agents yes |~ 0.58 [0.33-1.02] 0.06
T TTTTIT ™TTTTTm T T ™TTTTTm
0.1 1 10 0.1 1 10

Fig. 1 Risk analysis of hospitalization and critical-care factors for COVID-19 using the Cox proportional hazards model. The forest plot shows the HRs
(diamonds) and 95% Cls (horizontal bars) for hospitalization risk (A) and critical care (B). ACE, angiotensin-converting enzyme; ARB, angiotensin
receptor blocker; BMI, body mass index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019;
HR, hazard ratio; SGLT2, sodium-glucose cotransporter-2; T2D, type 2 diabetes
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HR [95%Cl] P value

Age <65 year -] Reference

Age 265 year w  4.49[4.16-4.85] <0.001
Female Reference
Male = " 1.33[1.23-1.43] <0.001

BMI <30 kg/m? - Reference

BMI 230 kg/m? - " 1.24 [1.15-1.34] <0.001
Hyperlipidemia with Statin yes = Reference

Hyperlipidemia with Statin no = " 1.24 [1.16-1.34] <0.001

0.1 1 10
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B
HR [95%Cl] P value
Age <65 year - Reference
Age 265 year - —— 5.05 [4.32-5.90] <0.001
Female - Reference
Male — e 1.77 [1.52-2.05] <0.001

BMI <30 kg/m? Reference

BMI 230 kg/m? -] e 1.69 [1.43-2.00] <0.001

Hyperlipidemia with Statin yes - Reference

Hyperlipidemia with Statin no - = 1.09 [0.94-1.27] 0.261

0.1 1 10

Fig. 2 Sub-analysis of hospitalization and critical-care factors in COVID-19 patients with hyperlipidemia. The forest plot shows the HRs (diamonds)
and 95% Cls (horizontal bars) for hospitalization risk (A) and critical care (B). BMI, body mass index; Cl, confidence interval; COVID-19, coronavirus

disease 2019; HR, hazard ratio

that comorbid hyperlipidemia and a history of SGLT2
inhibitor, ACE inhibitor, ARB, glucocorticoid, and statin
use were associated with a decreased risk of COVID-19
severity.

Type 2 diabetes drugs

Among type 2 diabetes drugs, SGLT2 inhibitors signifi-
cantly reduced the HR. SGLT?2 inhibitors are expected to
reduce the severity of COVID-19 because of their anti-
inflammatory, cytokine-stimulating, and cardioprotective
effects [14]. However, a randomized, double-blind, pla-
cebo-controlled trial exploring the effect of dapagliflozin
in hospitalized COVID-19 patients with cardiovascular
metabolic risk factors, reported no improvement in clini-
cal recovery [15]. There have been case reports of SGLT2
inhibitor administration in COVID-19 patients present-
ing with normoglycemic ketoacidosis [16]. If COVID-19
is suspected, we believe that it is safe to follow the basics
of the sick day rule for diabetes and stop taking SGLT2
inhibitors.

The HR for hospitalization risk was significantly
higher for glinides, and significantly lower for incre-
tin mimetic and sulfonylurea. The present patient data
included more than 2,000 patients each who were pre-
scribed metformin, incretin mimetic, SGLT2 inhibitors,
and sulfonylurea; however, fewer than 60 patients each
were prescribed alpha-glucosidase inhibitors, dipeptidyl
peptidase 4(DPP4) inhibitors, and glinides. Differences
in sample size may have affected the results. Khunti et al.
reported that they found no association between patients
using glinide preparations and COVID-19-related deaths
[8]. To determine whether glinide use affects COVID-19
severity, studies with larger sample sizes are necessary.
Incretin mimetic have been reported to have anti-inflam-
matory and cardioprotective effects [17] and counter-
act the downregulation of ACE2 due to diabetes [18]. In

addition, incretin mimetic could have reduced the sever-
ity of COVID-19 because of their ability to suppress obe-
sity [19].

In contrast, there are reports that sulfonylurea, which
significantly lowered the HR for hospitalization, has no
effects on mortality due to COVID-19 [20]. We believe
that the association between sulfonylurea agents and the
severity of COVID-19 is low because the cardiovascu-
lar disease-preventive effect of sulfonylurea agents has
not been confirmed [21]. Metformin has been reported
to reduce the risk of COVID-19 severity [22]; while the
present results showed a trend toward reduced risk,
no significant difference was observed. Some studies
have indicated that the use of metformin in COVID-19
patients predominantly increased the incidence of acido-
sis [23, 24]. Further studies are needed to determine the
safe use of metformin in patients with COVID-19.

ACE inhibitors and ARBs

Among antihypertensive drugs, ACE inhibitors and
ARBs significantly reduced the HR. Both of these agents
are involved in the renin-angiotensin system and have
mechanisms that inhibit the action of angiotensin II
These drugs have been reported to upregulate ACE2, the
infection receptor for COVID-19 [25], and could have
reduced the rapid decrease in ACE2 expression caused by
infection and subsequent lung injury and heart damage.

Respiratory disease drugs

Among the drugs used to treat respiratory diseases, ster-
oids resulted in a significantly lower HR. Yochai et al.
reported that inhaled steroids exert anti-inflammatory
effects in the lungs and reduce ACE2 and transmem-
brane protease, serine 2 expression in bronchial epithelial
cells [26]. This suggests that reduced ACE2 expression
may prevent COVID-19. However, the present analysis
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A HR [95%CI] P value
Reference
Age <65 year - 3.11 [2.59-3.74] <0.001
Age 265 year = i Reference
Female 1.02 [0.87-1.19]0.832
Male - = Reference
BMI<30 kg/m? - 1.03 [0.88-1.22] 0.686
BMI230 kg/m? ] = Reference
T';'T’)Dy';: b e 1.89 [1.56-2.27] <0.001
7 Reference
M'Ye":ft;‘:"r"'l‘r""y’:s’ . _ 061 [0.37-1.02] 0.06
P Reference
SGLT2 inhibitors no ] 0.73 [0.46-1.15]0.177
Glinides no : - Reference
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Fig. 3 Analysis of hospitalization and critical-care factors in non-Hispanic White COVID-19 patients. The forest plot shows the HRs (diamonds)

and 95% Cls (horizontal bars) for hospitalization risk (A) and critical care (B). ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker;
BMI, body mass index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; HR, hazard ratio;
SGLT2, sodium-glucose cotransporter-2; 72D, type 2 diabetes
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Fig. 4 Analysis of hospitalization and critical-care factors in non-Hispanic Black COVID-19 patients. The forest plot shows the HRs (diamonds)

and 95% Cls (horizontal bars) for hospitalization risk (A) and critical care (B). ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker;
BMI, body mass index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; HR, hazard ratio;
SGLT2, sodium-glucose cotransporter-2; T2D, type 2 diabetes
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Fig. 5 Analysis of hospitalization and critical-care factors in Hispanic COVID-19 patients. The forest plot shows the HRs (diamonds) and 95% Cls
(horizontal bars) for hospitalization risk (A) and critical care (B). ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body
mass index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; HRs, hazard ratio; SGLT2,
sodium-glucose cotransporter-2; T2D, type 2 diabetes
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Fig. 6 Analysis of hospitalization and critical-care factors in Asian COVID-19 patients. The forest plot shows the HRs (diamonds) and 95% Cls
(horizontal bars) for hospitalization risk (A) and critical care (B). ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body
mass index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; HRs, hazard ratio; SGLT2,
sodium-glucose cotransporter-2; T2D, type 2 diabetes
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Fig. 7 Analysis of hospitalization factors in COVID-19 patients in four regions of the United States. The forest plot shows the HRs

(diamonds) and 95% Cls (horizontal bars) for the risk of hospitalization. Region of Northeast (A), Midwest (B), South (C), and West (D). ACE,
angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; Cl, confidence interval; COPD, chronic obstructive
pulmonary disease; COVID-19, coronavirus disease 2019; HRs, hazard ratio; SGLT2, sodium-glucose cotransporter-2; T2D, type 2 diabetes

included both oral and inhaled medications. Steroids,
such as dexamethasone, have been shown to be effec-
tive against severe disease since the early stages of the
COVID-19 outbreak. It is possible that steroids were
used to treat COVID-19 before hospitalization, thereby
reducing the number of patients who were hospitalized
or in critical care.

Beta, stimulants also significantly reduced the HR
for critical care. Yamaya et al. reported that in cold

coronavirus (HCoV-229E), p,-stimulants suppressed
viral receptor expression in cells [27]. Further studies
are needed to determine whether COVID-19 suppresses
receptor expression, and if it has other actions that
reduce disease severity.

Statins
Excluding patients who were prescribed statins resulted
in a significantly higher HR for hospitalization in
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A HR [95%Cl] P value
Age <65 year = Reference
Age 265 year = ——— 1.33 [0.57-3.10]0.511
Female = Reference
Male - —— 299 [1.27-7.04]0.012
BMI<30 kg/m? Reference
BMI230 kg/m? —— 292 [0.99-8.62]0.052
T2Dno = Reference
T2Dyes —_— 3.47 [1.33-9.03]0.011
Metforminno Reference
Metformin yes = R 1.36 [0.16-11.28]0.777
SGLT2 inhibitors no = Reference
SGLT2 inhibitors yes = 1
Sulfonylureano = Reference
Sulfonylurea yes = e 24 [0.30-19.07]0.408
Hypertensionno - Reference
Hypertension yes ——— 1.99 [0.56-7.07]0.286
Calcium channel blockers no Reference
Calcium channel blockers yes = —_— 1.04 [0.13-8.32]0.97
ACE inhibitors no = Reference
ACE inhibitors yes = —_— 0.68 [0.09-5.10]0.71
ARBsno - Reference
ARBs yes —_— 0.93 [0.11-7.67] 0.945
Asthmano = Reference
Asthmayes = —— 2.09 [0.88-4.96] 0.094
Interstitial pneumoniano = Reference
Interstitial pneumonia yes = — 7.62 [1.00-58.11]0.05
Beta, stimulants no Reference
Beta, stimulants yes = —_—— 0.76 [0.10-5.74]0.786
Glucocorticoids no = Reference
Glucocorticoids yes = 1
Hyperlipidemiano = Reference
Hyperlipidemia yes = —— 1.62 [0.49-5.35]0.427
Statins no = Reference
Statins yes = 1
Cardiovascular Disease no Reference
Cardiovascular Disease yes =} —— 6.40 [2.59-15.80]<0.001
T T T T
0.01 0.1 1 10 100
c HR [95%CI] P value
Age <65 year = Reference
Age 265 year . 3.19 [2.58-3.94] <0.001
Female = Reference
Male - - 1.51 [1.26-1.80] <0.001
BMI<30 kg/m? =} Reference
BMI230 kg/m? o 143 [1.17-1.76] 0.001
T2Dno = Reference
T2Dyes = e 2,02 [1.65-2.48] <0.001
Metforminno = Reference
Metforminyes = —— 0.76 [0.38-1.51]0.428
SGLT2 inhibitors no = Reference
SGLT2 inhibitors yes = —— 0.51 [0.26-1.00] 0.05
Sulfonylureano = Reference
Sulfonylureayes = — 0.37 [0.16-0.99] 0.049
Hypertensionno = Reference
Hypertension yes = ——— 0.75 [0.39-2.20] <0.001
Calcium channel blockers no = Reference
Calcium channel blockers yes = e 0.65 [0.38-1.11] 0.117
ACE inhibitors no = Reference
ACE inhibitors yes = —— 0.23 [0.11-0.49] <0.001
ARBsno - Reference
ARBs yes - —— 0.55 [0.31-0.97]0.04
Asthmano - Reference
Asthmayes o 1.38 [1.05-1.81]0.021
Interstitial pneumoniano Reference
Interstitial pneumonia yes ——t 194 [1.16-3.27]0.012
Beta, stimulants no Reference
Beta, stimulants yes —— 0.54 [0.31-0.95] 0.033
Glucocorticoids no = Reference
Glucocorticoids yes =] —— 0.34 [0.24-0.50] <0.001
Hyperlipidemiano = Reference
Hyperlipidemia yes o 059 [0.48-0.73] <0.001
Statins no = Reference
Statins yes = — 047 [0.31-0.72] <0.001
Cardiovascular Disease no = Reference
Cardiovascular Disease yes = sl 242 [1.96-2.98] <0.001
T T T T
0.01 0.1 1 10 100
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B HR [95%CI] P value
Age <65 year = Reference
Age 265 year = 1
Female = Reference
Male = 1
BMI<30 kg/m? | Reference
BMI230 kg/m? =] 1
T2Dno = Reference
T2Dyes = —_— 1.39 [0.07-28.62] 0.831
Metforminno = Reference
Metformin yes = 1
SGLT2 inhibitors no = Reference
SGLT2 inhibitors yes =1 1
Sulfonylureano = Reference
Sulfonylureayes
Hypertension no = Reference
Hypertension yes = 1
Calcium channel blockers no =1 Reference
Calcium channel blockers yes = 1
ACE inhibitors no = Reference
ACE inhibitors yes = ——t—————————— 541 [0.26-113.01]0.277
ARBsno - Reference
ARBs yes 1
Asthmano - Reference
Asthmayes - —_— 3.21 [0.15-67.27] 0.452
Interstitial pneumoniano = Reference
Interstitial pneumonia yes = 1
Beta, stimulants no = Reference
Beta, stimulants yes
Glucocorticoids no = Reference
Glucocorticoids yes = —————+————  3.88 [0.18-85.09]0.389
Hyperlipidemiano = Reference
ipidemia yes 02 [0.01-3.73]0.281
Statinsno = Reference
Statins yes =
Cardiovascular Disease no =1 Reference
Cardiovascular Disease yes =] —————+—————  4.14 [0.21-80.07]0.347
T

D HR [95%Cl] P value
Age <65 year = Reference
Age 265 year ——t 5.45 [3.76-7.91] <0.001
Female = Reference
Male - - 2.31 [1.69-3.15] <0.001
BMI<30 kg/m? -] Reference
BMI230 kg/m? = i 1.48 [1.06-2.06] 0.021
T2Dno - Reference
T2D yes = — 1.85 [1.27-2.70] 0.001
Metformin no = Reference
Metformin yes = —— 1.51 [0.72-3.18] 0.276
SGLT2 inhibitors no = Reference
SGLT2 inhibitors yes = —_— 0.38 [0.12-1.23]0.106
Sulfonylureano Reference
Sulfonylureayes = —_— 0.84 [0.32-2.24]0.731
Hypertension no =] Reference
Hypertension yes = e 1.19 [0.81-1.76] 0.38
Calcium channel blockers no = Reference
Calcium channel blockers yes = ———t 0.77 [0.35-1.72] 0.527
ACE inhibitors no = Reference
ACE inhibif yes - 0.06 [0.01-0.40] 0.004
ARBsno - Reference
ARBs yes = ——it 059 [0.25-1.42] 0.237
Asthmano - Reference
Asthmayes = e 1.27 [0.80-2.01]0.312
Interstitial pneumoniano = Reference
Interstitial pneumonia yes = —_—— 1.14 [0.28-4.64] 0.854
Beta, stimulants no | Reference
Beta, stimulants yes = —— 04 [0.18-0.88] 0.022
Glucocorticoids no = Reference
Glucocorticoids yes = —— 0.98 [0.61-1.59] 0.941
Hyperlipidemia no | Reference
Hyperlipidemia yes = —— 0.41 [0.29-0.58] <0.001
Statins no | Referenc
Statins yes = ——h 067 [0.38-1.21]0.185
Cardiovascular Disease no = Reference
Cardiovascular Disease yes = —— 2.76 [1.89-4.02] <0.001
T T T T
0.01 0.1 1 10 100

Fig. 8 Sub-analysis of critical-care factors in COVID-19 patients by four regions of the United States. The forest plot shows HRs (diamonds) and 95%
Cls (horizontal bars) for the risk of critical care. Region of Northeast (A), Midwest (B), South (C), and West (D). ACE, angiotensin-converting enzyme;
ARB, angiotensin receptor blocker; BMI, body mass index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; COVID-19,
coronavirus disease 2019; HR, hazard ratio; SGLT2, sodium-glucose cotransporter-2; 72D, type 2 diabetes

patients with hyperlipidemia, but no significant dif-
ference in the HR for critical care. Previous studies
have suggested that hyperlipidemia is associated with
severe COVID-19 [28]. Patients with hyperlipidemia
have increased systemic cholesterol content, which
may increase the ability of the virus to penetrate and
infect host cells [29]. Statins have been shown to
increase ACE2 expression, similarly to ACE inhibi-
tors and ARBs, and may reduce lung and heart damage
by preventing excess the action of angiotensin II [30].

Statins have also been shown to decrease the amount
of cholesterol in lipid rafts, limit viral penetration into
host cells, reduce serum levels of interleukin-6 (which
is involved in cytokine storms), and protect vascu-
lar endothelium from free radicals [31]. Based on the
above, we considered hyperlipidemia as a risk factor for
COVID-109 severity; however, statins are likely to have a
mechanism to reduce COVID-19 severity, resulting in a
lower HR for patients. Further evaluation of statin effi-
cacy in randomized controlled trials is necessary.
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Relationship between region, race and risk factors

In elderly men, diabetes and cardiovascular disease
tended to increase the HRs in both region-specific and
race-specific analyses. In contrast, ACE inhibitors tended
to lower the HR. These could be risk factors for severe
disease or factors that reduce the risk of severe disease,
regardless of the region of residence or race.

The analysis by region showed a large variation in the
number of patients, and it was not possible to determine
the characteristics of differences in the risk factors for
severe disease in different regions. In the race-specific
analysis, non-Hispanic Black and Hispanic patients
showed different trends from the other groups.

Risks of hospitalization and critical care were highest
among non-Hispanic Black patients. non-Hispanic Black
patients have been reported to be at significantly higher
risk of death from COVID-19 than non-Hispanic White
patients or Asian patients [32], suggesting that non-His-
panic Black patients could be more susceptible to severe
disease. This may be due to the social background of
non-Hispanic Black patients in the United States. Afri-
can Americans, on average, have lower college grades
than Whites and are disproportionately employed in
essential occupations such as food, cleaning, and trans-
portation industries [33], suggesting that they had more
opportunities to come into contact with people during
the pandemic. In addition, low-income individuals tend
to consume more calorie-dense foods and are at risk for
lifestyle-related diseases [34], making them more likely
to experience more severe symptoms if infected with
COVID-19. Social factors may significantly contribute
to variations in hospitalization and critical care risk. Fur-
thermore, the absence of insurance coverage and limited
access to healthcare services could significantly contrib-
ute to disparities in the outcomes.

In addition, a unique feature of the results for non-His-
panic Black patients was that the item that most signifi-
cantly reduced the HR for hospitalization was a SGLT2
inhibitor. Other racial groups did not show significant
differences in SGLT2 inhibitor use, with only non-
Hispanic Black patients exhibiting significantly lower
results. Clements et al. reported that Black individuals
with diabetes have a higher incidence of chronic kidney
disease (CKD) comorbidity [35]. Chronic kidney disease
has been suggested to increase mortality in COVID-19
patients, and could be associated with renoprotective
SGLT2 inhibitors that reduce the severity of COVID-19
[36].

Hypertension was detected as a COVID-19 severity
factor in the overall multivariate analysis; however, when
analyzed by race, a no significant association was found
Hispanic and non-Hispanic Asian patients. No significant
association was observed in non-Hispanic Asian patients
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due to the small population size. Hispanic individuals
have a lower prevalence of hypertension in the United
States than do White and Black individuals. Hispanic
individuals have been reported to have lower mortality
rates from cardiovascular diseases than that of White
individuals, suggesting that Hispanic persons differ from
other racial groups in their risk for cardiovascular dis-
eases [37]. Therefore, hypertension was less strongly
associated with COVID-19 severity. However, there
are currently no reports of specific mechanisms linking
hypertension, cardiovascular disease, and COVID-19 in
Hispanic individuals. It is possible that because Hispanic
persons make up a smaller percentage of the insured
population and have poorer access to healthcare, many
of these individuals have hypertension but remain undi-
agnosed [7]. It may be necessary to determine whether
there is a difference in COVID-19 severity between the
groups with and without the diagnosis of hypertension.

Limitations

The present study has some limitations. First, the under-
lying diseases of the patients were extracted based on
their EHRs and did not reflect the stage or progression
of their disease. Second, only diagnosed infections were
included in the analysis; therefore, the impact of rein-
fection was not considered. Non-symptomatic infec-
tions that were not included in the database were also
excluded. Third, although it was necessary to investigate
the impact of vaccination to improve the accuracy of
the data, missing information prevented identification
of patients who were not vaccinated. Furthermore, vac-
cinations are administered rapidly at venues and phar-
macies, making it difficult to link the information in this
database. Fourth, this study did not examine the effects
of malignancy, cerebrovascular disease, CKD, human
immunodeficiency virus infection, immunodeficiency,
immunosuppressive drugs, pediatric disease, or preg-
nancy. Fifth, because drug information in this case was
analyzed based on the drug prescription history, it was
not possible to determine whether a drug was actually
administered to the patient. Finally, we did not examine
the impact of multiple risk factors for severe disease or
factors that reduce the risk of severe disease. Addition-
ally, the present analysis was not conducted separately for
each specific drug or disease management status. Further
studies are needed to determine which patients are more
likely or less likely to develop severe disease.

Conclusions

One significant contribution of our study is the examina-
tion of ethnicity and race as risk factors for COVID-19
severity. We provide new findings regarding disparities
in hospitalization and ICU admission rates among racial
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and regional groups within the US population. However,
it is essential to note that our analysis may not cover
all possible configurations of ethnicity and race in the
United States, and the results should be interpreted with
caution. In a cohort analysis of 171,491 COVID-19-posi-
tive patients from a large United States electronic health
record (EHR) database, we observed that several factors
increased the risk of hospitalization and critical care.
These factors included age>65 years, male sex, type 2
diabetes, hypertension, interstitial pneumonia, and car-
diovascular disease. In contrast, we found that certain
medications, such as SGLT2 inhibitors, ACE inhibitors,
ARBs, glucocorticoids, and statins, significantly reduced
the risk of hospitalization and critical care. Furthermore,
our study revealed that type 2 diabetes increased the risk
of hospitalization and critical care across all ethnicities.
Additionally, age>65 years, hypertension, COPD, and
cardiovascular disease significantly increased the risk of
hospitalization in all regions of the United States. These
findings underscore the importance of appropriate drug
therapy and management of lifestyle-related diseases in
reducing the severity of COVID-19.
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