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Statin Use and In-Hospital Mortality 
in Patients With Diabetes Mellitus and 
COVID-19
Omar Saeed , MD; Francesco Castagna , MD; Ilir Agalliu , MD, ScD; Xiaonan Xue, PhD; Snehal R. Patel, MD; 
Yogita Rochlani, MD; Rachna Kataria, MD; Sasa Vukelic, MD, PhD; Daniel B. Sims, MD; Chikezie Alvarez , MD; 
Mercedes Rivas-Lasarte , MD, PhD; Mario J. Garcia, MD; Ulrich P. Jorde , MD

BACKGROUND: Severe coronavirus disease 2019 (COVID-19) is characterized by a proinflammatory state with high mortality. 
Statins have anti-inflammatory effects and may attenuate the severity of COVID-19.

METHODS AND RESULTS: An observational study of all consecutive adult patients with COVID-19 admitted to a single center 
located in Bronx, New York, was conducted from March 1, 2020, to May 2, 2020. Patients were grouped as those who did 
and those who did not receive a statin, and in-hospital mortality was compared by competing events regression. In addition, 
propensity score matching and inverse probability treatment weighting were used in survival models to examine the associa-
tion between statin use and death during hospitalization. A total of 4252 patients were admitted with COVID-19. Diabetes mel-
litus modified the association between statin use and in-hospital mortality. Patients with diabetes mellitus on a statin (n=983) 
were older (69±11 versus 67±14 years; P<0.01), had lower inflammatory markers (C-reactive protein, 10.2; interquartile range, 
4.5–18.4 versus 12.9; interquartile range, 5.9–21.4 mg/dL; P<0.01) and reduced cumulative in-hospital mortality (24% versus 
39%; P<0.01) than those not on a statin (n=1283). No difference in hospital mortality was noted in patients without diabetes 
mellitus on or off statin (20% versus 21%; P=0.82). Propensity score matching (hazard ratio, 0.88; 95% CI, 0.83–0.94; P<0.01) 
and inverse probability treatment weighting (HR, 0.88; 95% CI, 0.84–0.92; P<0.01) showed a 12% lower risk of death during 
hospitalization for statin users than for nonusers.

CONCLUSIONS: Statin use was associated with reduced in-hospital mortality from COVID-19 in patients with diabetes mellitus. 
These findings, if validated, may further reemphasize administration of statins to patients with diabetes mellitus during the 
COVID-19 era.
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Coronavirus disease 2019 (COVID-19), caused by 
the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) has rapidly spread globally.1,2 

Although nearly 80% of cases recover, COVID-19 still 
appears to retain an elevated mortality with the num-
ber of deaths escalating to over 250  000 worldwide 
through April 2020.2 The severity of COVID-19 is char-
acterized by a proinflammatory state evident by ele-
vated serum biomarkers of inflammation including 

C-reactive protein, interleukin-6, and ferritin.3,4 These 
biomarkers are predictive of death during SARS-CoV-2 
infection.4

Statins have known anti-inflammatory proper-
ties5 and may represent an agent for modulating the 
host response during COVID-19.6 Pleotropic effects 
of statins also reduce reactive oxygen species and 
platelet reactivity, and acute administration improves 
survival in proinflammatory states such as myocardial 
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infarction.7,8 In addition, statins can limit viral endo-
theliitis,9 which has been implicated during SARS-
CoV-2 infection.10 On the contrary, animal studies 
indicate that statins increase membrane-bound 
angiotensin-converting enzyme 2 receptor,11 which 
is a port of entry for SARS-CoV-2, thereby raising 
concern for statin usage during the COVID-19 pan-
demic.12 As statins are one of the most commonly 
prescribed to patients with cardiovascular disease 
and diabetes mellitus, we sought to determine if sta-
tin use is associated with survival during COVID-19 
by evaluating the association of in-hospital mortality 
and statin therapy.

METHODS
The data that form the basis of the presented findings 
are available from the corresponding author upon rea-
sonable request.

Study Population
A retrospective single-center review of all patients 
who were admitted to Montefiore Medical Center in 

the Bronx, New York, with a confirmed COVID-19 di-
agnosis from March 1, 2020 to May 2, 2020, was 
conducted. COVID-19 was confirmed by a positive 
real-time reverse transcriptase polymerase chain 
reaction assay. A sample for positive real-time re-
verse transcriptase polymerase chain reaction was 
obtained by either nasopharyngeal or oropharyn-
geal swab. The follow-up period was from March 1, 
2020 to May 4, 2020. The study was approved by 
the Institutional Review Board (2020-11308), and in-
formed consent was waived.

Data Collection, Exposure, and Outcome
Baseline demographic, clinical, and laboratory vari-
ables were retrieved from the electronic medical re-
cord system. The exposure was statin administration. 
Patients were grouped as those who received and 
those who did not receive a statin during the hospitali-
zation. The primary outcome was in-hospital mortality 
during the follow-up period.

Statistical Analysis
Continuous data are displayed as mean±SD or me-
dian 25% to 75% interquartile range (IQR), and char-
acteristics were compared between statin users and 
nonusers using the Student t test, or Wilcoxon rank-
sum test. Categorical data are shown as percent and 
were compared by the chi-squared test. As hospital 
discharge is a competing event with in-hospital mor-
tality, instead of Kaplan–Meier estimates, we used 
competing events analysis to estimate the cumula-
tive incidence of in-hospital mortality since admis-
sion.13 Patients who remained in the hospital at the 
end of the follow-up period on May 4, 2020, were 
censored. The difference in the cumulative incidence 
of in-hospital mortality was compared between statin 
users and nonusers separately among patients with 
and without diabetes mellitus by Fine and Gray’s 
method.14

Multivariable Regression Modeling
A multivariable regression model with subdistribu-
tion hazard ratios (HRs)13,14 was used to calculate the 
adjusted HR of in-hospital mortality only for patients 
with diabetes mellitus that were on a statin in com-
parison with those not receiving statins. A full model 
was determined with demographics and clinical and 
laboratory variables that were independently associ-
ated with statin use or in-hospital mortality at a P<0.2. 
Then a reduced model was derived with all covariates 
that had a P<0.05. This reduced model included sta-
tin use (yes or no), age, sex, history of atherosclerotic 
heart disease, Charlson comorbidity index, present-
ing diastolic blood pressure, respiratory rate, pulse 
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patients admitted with coronavirus disease 
2019, those with diabetes mellitus receiving 
statins had a 12% reduction in the adjusted risk 
of in-hospital mortality.

• Despite a higher comorbidity burden, patients 
with diabetes mellitus on statin therapy pre-
sented with lower markers of inflammation in 
comparison with those not receiving statins.
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focus administration of statins to patients with 
diabetes mellitus in the coronavirus disease 
2019 era.

Nonstandard Abbreviations and Acronyms

COVID-19 coronavirus disease 2019
IPTW inverse probability treatment 

weighting
PS propensity score
SARS-CoV-2 severe acute respiratory syndrome 

coronavirus 2



J Am Heart Assoc. 2020;9:e018475. DOI: 10.1161/JAHA.120.018475 3

Saeed et al Statins and Mortality in Diabetics with COVID-19

oximetry measurement, serum glucose, serum lactic 
acid, serum creatinine, and intravenous antibiotic use 
during hospitalization.

Propensity Score Analyses
To limit potential residual confounding by indication, 
we also used propensity score (PS) matching and in-
verse probability treatment weighting (IPTW) to exam-
ine the association between statin use and in-hospital 
mortality in a Cox proportional hazards model among 
patients with diabetes mellitus.15 Covariate selec-
tion for PS matching and IPTW was done in accord-
ance with criteria described previously.16,17 Variables 
included for PS matching were true confounders, or 
those that were associated with the outcome of inter-
est (ie, in-hospital death). We did not include variables 
that were associated only with exposure (ie, statin use) 
and not the outcome (ie, in-hospital death), since it 
has been demonstrated that these covariates increase 
the variance of the estimated exposure effect without 
decreasing bias.16 The covariates in the propensity 
analyses included age, sex, body mass index, days of 
symptoms before admission, history of atherosclerotic 
heart disease, Charlson comorbidity index, presenting 
diastolic blood pressure, respiratory rate, pulse oxi-
metry measurement, heart rate, serum glucose, lactic 
acid, serum creatinine, serum troponin levels, usage 
of angiotensin-converting enzymes inhibitors, usage 
of angiotensin receptor blockers, serum troponin lev-
els, and intravenous antibiotics during hospitalization. 
PS matching was carried out through a 1:1 greedy 
matching algorithm, with a caliper width of 0.1 SD, and 
through IPTW. The PS and IPTW analyses were car-
ried out using treatment effects in Stata (StataCorp, 
College Station, TX).

Missing Data
The proportion of patients with diabetes mellitus and 
missing data for a covariate that was included in mul-
tivariable competing risk regression and propensity 
score models was <5%, with the exception of glucose 
(9.2%), lactic acid (9.1%), and serum troponin (15.4%). 
Since troponin was missing in >10% of the patients 
with diabetes mellitus, we created a categorical vari-
able using quartile cutoff point with an additional cat-
egory for missing values and added this variable in the 
PS models. Given a skewed distribution, quartiles 1 
and 2 were collapsed as a single category and served 
as a reference for quartile 3 (intermediate-level tro-
ponin), quartile 4 (high-level troponin), and missing 
troponin categories. The final data set for the multivari-
able competing risks regression model included 2039 
(90%) of the 2266 patients with diabetes mellitus, while 
the models using PS matching and IPTW included 
1902 (84%) of patients with diabetes mellitus.

A P<0.05 was considered statistically significant. 
Stata 16 (StataCorp) and R (R Foundation for Statistical 
Computing, Vienna, Austria) software was used for all 
statistical analysis.

RESULTS
Patient Characteristics
Overall, 4252 patients (65±16 years old; 47% female) 
were admitted with COVID-19. Thirty-seven percent 
(n=1570) were Hispanic. Diabetes mellitus (53%), hy-
pertension (72%), and atherosclerotic heart disease 
(26%) were highly prevalent comorbidities (Table  1). 
On average, patients presented 3 (IQR, 0–7) days after 
onset of symptoms and had elevated inflammatory 
markers including C-reactive protein (10.6; IQR, 4.5–
18.9 mg/dL) and ferritin (785; IQR, 369–1607 ng/mL).

Statin Use and In-Hospital Mortality
Within all admitted patients, 32% (n=1355) received a 
statin. Those on statin therapy were older (69±12 ver-
sus 63±17 years; P<0.01) and had a higher Charlson 
comorbidity index (5; IQR, 3–8 versus 3; IQR, 1–5; 
P<0.01). Despite a higher comorbidity burden, we ob-
served a lower cumulative in-hospital mortality in those 
receiving a statin (23% versus 27%; P<0.01). Seventy-
six percent of the patients received atorvastatin. Further 
stratification analysis revealed that this effect was mod-
ified by diabetes mellitus. Patient with diabetes mellitus 
(n=2266) on a statin had a lower cumulative in-hospital 
mortality (24% versus 39%; P<0.01; Figure [A]), while no 
difference was noted in patients without diabetes mel-
litus (20% versus 21%; P=0.82; Figure [B]).

Diabetes Mellitus and In-Hospital 
Mortality
Patients with diabetes mellitus admitted for COVID-19 
were 68±13 years old, 48% were female, 36% classi-
fied as Hispanic, 87% had a history of hypertension, 
and 36% had atherosclerotic heart disease. Their 
blood glucose at presentation was 180 (IQR, 120–
274 mg/dL), and the glycosylated hemoglobin if avail-
able within 3 months before admission was 7.8 (IQR, 
6.5%–9.7%; n=507).

Overall, patients with diabetes mellitus had an 
in-hospital mortality of 32% over a follow-up period of 
5.9 (IQR, 3.4–10.8) days. Those who died in the hos-
pital were older (74±12 versus 67±13  years; P<0.01), 
were more frequently men (57% versus 50%, P<0.01), 
and had a greater proportion of known atherosclerotic 
heart disease (44% versus 32%; P<0.01). Nonsurvivors 
had lower blood pressure, reduced oxygen saturation 
at presentation, and higher levels of inflammatory bio-
markers (Table 2).
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Table 1. Characteristics of Patients Admitted With COVID-19

Characteristic
All Patients 

(n=4252)
Statin 

(n=1355)
No Statin 
(n=2897) P Value

Age, y 65±16 69±12 63±17 <0.001

Female, n (%) 1997 (47) 618 (46) 1379 (47) 0.22

Race/Ethnicity, n (%) 0.54

Non-Hispanic Black 1561 (37) 510 (38) 1051 (36)

Non-Hispanic White 351 (8) 114 (8) 237 (8)

Hispanic 1570 (37) 502 (37) 1068 (37)

Other*/Unknown 770 (18) 229 (17) 541 (19)

Body mass index, kg/m2 28.5 (24.7–33.2) 28 (25–33) 29 (25–33) 0.028

Past medical diagnosis, n (%)

Diabetes mellitus 2266 (53) 983 (73) 1283 (44) <0.001

Hypertension 3060 (72) 1175 (86) 1885 (65) <0.001

ASHD 1111 (26) 583 (43) 528 (18) <0.001

Lung disease 1203 (28) 458 (34) 745 (26) <0.001

Charlson comorbidity index 3 (2–7) 5 (3–8) 3 (1–5) <0.001

Days from symptoms to presentation 3 (0–7) 2 (0–5) 3 (0–7) 0.015

Vital signs at presentation

Systolic blood pressure, mm Hg 131 (115–148) 133 (117–151) 129 (113–146) <0.001

Diastolic blood pressure, mm Hg 75 (65–84) 74 (65–83) 75 (65–85) 0.042

Heart rate, beats/min 98 (86–112) 95 (82–108) 100 (87–114) <0.001

Oxygen saturation, % 95 (90–98) 95 (92–98) 95 (90–98) <0.001

Respiratory rate, breaths/min 20 (18–22) 20 (18–22) 20 (18–23) <0.001

Temperature, ˚F 98.9 (98.2–100.1) 98.8 (98.2–100) 99 (98.2–100.1) 0.012

Laboratory markers

Alanine transaminase, U/L 27 (17–44) 24 (16–38) 29 (18–47) <0.001

Neutrophil count, k/μL 5.7 (3.9–8.4) 5.4 (3.7–7.7) 5.8 (4–8.7) <0.001

Lymphocyte count, k/μL 1 (0.7–1.4) 1 (0.7–1.3) 1 (0.7–1.4) <0.002

Ferritin, ng/mL 785 (369–1607) 710 (355–1464) 816 (389–1703) 0.015

Lactate dehydrogenase, U/L 397 (292–547) 370 (285–505) 413 (298–576) <0.001

C-reactive protein, mg/L 10.6 (4.5–18.9) 9.9 (4–17.4) 11.1 (4.7–19.5) 0.005

d-dimer, μg/mL 1.84 (0.94–4.2) 1.83 (0.92–3.61) 1.86 (0.94–4.55) 0.17

Procalcitonin, ng/mL 0.1 (0.3–0.9) 0.2 (0.1–0.7) 0.3 (0.1–1.1) 0.003

Lactic acid, mmole/L 2.1 (1.6–3) 2.1 (1.5–2.8) 2.1 (1.6–3.2) 0.001

ProBNP, pg/mL 480 (114–1983) 611 (151–2724) 415 (95–1661) <0.001

Creatinine, mg/dL 1.2 (0.8–2) 1.3 (0.92–2.4) 1.1 (0.8–1.8) <0.001

Glucose, mg/dL 141 (114–207) 153 (117–229) 138 (133–195) <0.001

Troponin T, mg/mL 0.01 (0.01–0.04) 0.01 (0.01–0.05) 0.01 (0.01–0.03) <0.001

Inpatient medications, n (%)

ACE inhibitors 282 (6.6) 163 (12) 119 (4) <0.001

ARB 241 (5.7) 124 (9) 117 (4) <0.001

Hydroxycholoroquine 3031 (71) 1007 (74) 2024 (70) 0.003

Antibiotics 3352 (76) 1026 (76) 2226 (77) 0.42

Intravenous steroids 947 (22) 315 (23) 632 (22) 0.30

Statin type, %

Atorvastatin 1024 (76)

Pravastatin 74 (5)

Rosuvastatin 10 (1)

Simvastatin 247 (18)

The following were the available samples sizes for variables with >5% missing data: alanine transaminase (n=3901), ferritin (n=1663), lactate dehydrogenase 
(n=2635), C-reactive protein (n=2083), d-dimer (n=1857), procalcitonin (n=1537), lactic acid (n=3705), creatinine (n=4108), glucose (n=3703), and troponin 
(n=3384). ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ASHD, atherosclerotic heart disease; BNP, B-type natriuretic 
peptide; and COVID-19, coronavirus disease 2019.

*Other includes Asian, Pacific Islander, American Indian, Alaskan Native, or Other.
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Diabetes Mellitus and Statin Use
Among patients with diabetes mellitus, 983 (43%) re-
ceived and 1283 (57%) did not receive a statin. Those 
on a statin were older (69±11 versus 67±14  years; 
P<0.01), and more of them had a history of hyperten-
sion (91% versus 84%; P<0.01), atherosclerotic heart 
disease (46% versus 28%; P<0.01), and a higher 
Charlson comorbidity index (6; IQR, 3–9 versus 4; IQR, 
2–8; P<0.01). Time from initial symptoms to presenta-
tion was similar between those on and off statins (3; 
IQR, 0–7 versus 2; IQR, 0–5 days; P=0.28). At pres-
entation, those receiving a statin had lower inflamma-
tory markers including C-reactive protein (10.2; IQR, 
4.5–18.4 versus 12.9; IQR, 5.9–21.4  mg/dL; P<0.01) 
and ferritin (683; IQR. 340–1486 versus 786; IQR, 
368–1702 ng/mL; P=0.048) but similar blood glucose 
(176; IQR, 128–260 versus 183; IQR, 129–283 mg/dL; 
P=0.16) in comparison with those who did not receive 
a statin (Table 3).

Statin Use and In-Hospital Mortality in 
Patients With Diabetes Mellitus
There was a 49% reduction in hospital mortality (HR, 
0.51; 95% CI, 0.43–0.61) associated with stain use 
among patients with diabetes mellitus admitted with 
COVID-19 in the multivariable competing risk regres-
sion model (Table 4).

Through PS caliper matching, statin recipients and 
nonrecipients had similar distributions of PS (Figure S1), 

and standardized average differences among covari-
ates were greatly reduced (Figure  S2). PS analyses 
with either caliper matching (average treatment effect 
on the treated: HR, 0.88; 95% CI, 0.83–0.94; P<0.001) 
or IPTW (average treatment effect on the treated: HR, 
0.88; 95% CI, 0.84–0.92; P<0.001) showed a statisti-
cally significant 12% reduced risk of in-hospital mor-
tality in patients with diabetes mellitus receiving statin 
therapy (Table 4).

DISCUSSION
In this analysis involving a large cohort of hospital-
ized patients with COVID-19, statin use was associ-
ated with reduced in-hospital mortality in patients with 
diabetes mellitus. This observation was made despite 
older age and higher prevalence of hypertension and 
atherosclerotic heart disease in statin users with dia-
betes mellitus. Patients with diabetes mellitus either 
on or off statin therapy presented to the hospital in a 
similar time frame from the onset of symptoms; how-
ever, those on a statin had lower inflammatory mark-
ers. After matching and weighing confounding clinical 
covariables and indication, there remained an associ-
ation between statin therapy and reduced in-hospital 
mortality.

There is a paucity of studies that have assessed the 
association between statin use and in-hospital mor-
tality during COVID-19. An observational analysis from 
China reported an association between statin use and 
improved survival among hospitalized patients with 
COVID-19.18 Unlike this study, our investigation fo-
cuses on a cohort of sicker hospitalized patients within 
the United States, which had notably greater overall 
in-hospital mortality. Moreover, in our cohort, we ob-
served higher survival within patients with diabetes 
mellitus, who may carry mitigating characteristics for 
statin therapy.

Type 1 diabetes mellitus is as an autoimmune dis-
ease with destruction of pancreatic beta cells. During 
type 1 diabetes mellitus, there is persistent inflam-
mation mediated through interferon gamma, tumor 
necrosis factor alpha, and interleukin-1 beta.19 Type 
2 diabetes mellitus is characterized by a chronic low-
grade inflammatory state promoted by a variety of 
pathways including immune dysregulation, alterations 
in gut microorganisms, and metabolic syndrome.20 
Patients with diabetes mellitus can have an initial delay 
in the adaptive immune response to viral infection and 
may subsequently experience an exaggerated hyper-
inflammatory response to SARS-CoV-2 infection.21 
Indeed, mortality during COVID-19 is disproportionally 
elevated in patients with diabetes mellitus, who incur a 
2- to 3-fold greater adjusted risk of death,22,23 and early 
studies have noted higher levels of interleukin-6 and 
C-reactive protein with COVID-19.24

Figure 1. Cumulative incidence of in-hospital mortality 
during COVID-19 in statin users and nonusers stratified by 
presence (A) or absence (B) of diabetes mellitus.
COVID-19 indicates coronavirus disease 2019.
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Statins are known to have anti-inflammatory effects 
that are clinically evident through a reduction in inflam-
matory biomarkers such as C-reactive protein,5 and 

these effects are also apparent in patients with diabetes 
mellitus.25 In our cohort, patients with diabetes mellitus 
in the statin group presented with lower inflammatory 

Table 2. Characteristics of Survivors and Nonsurvivors Among Patients With Diabetes Mellitus and COVID-19

Characteristic

All Patients With 
Diabetes Mellitus 

(n=2266)
Survivors 
(n=1537)

Nonsurvivors 
(n=729) P Value*

Age, y 68±13 67±13 74±12 <0.001

Female, n (%) 1077 (48) 766 (49) 311 (43) 0.001

Race/Ethnicity, n (%) 0.46

Non-Hispanic Black 887 (39) 612 (40) 275 (38)

Non-Hispanic White 164 (7) 104 (7) 60 (8)

Hispanic 882 (36) 561 (37) 261 (36)

Other†/Unknown 393 (17) 260 (17) 133 (18)

Body mass index, kg/m2 28.6 (24.8–33.3) 28.9 (24.9–33.7) 28.2 (24.5–32.6) 0.026

Past medical diagnosis, n (%)

Hypertension 1980 (87) 1348 (88) 632 (87) 0.23

ASHD 820 (36) 496 (32) 324 (44) <0.001

Lung disease 761 (34) 504 (33) 257 (35) 0.58

Charlson comorbidity index 5 (3–9) 4 (2–8) 7 (4–10) <0.001

Days from symptoms to presentation 3 (0–6) 3 (0–7) 2 (0–5) <0.001

Vital signs at presentation

Systolic blood pressure, mm Hg 133 (116–151) 134 (118–151) 129 (107–150) <0.001

Diastolic blood pressure, mm Hg 74 (64–84) 75 (66–84) 71 (58–83) <0.001

Heart rate, beats/min 98 (85–112) 97 (85–110) 101 (86–117) 0.001

Oxygen saturation (%) 95 (90–98) 95 (92–98) 93 (86–97) <0.001

Respiratory rate, breaths/min 20 (18–23) 20 (18–22) 22 (18–26) <0.001

Temperature, ˚F 98.9 (98.2–100) 98.9 (98.2–100) 98.9 (98.1–100.3) 0.02

Laboratory markers

Alanine transaminase, U/L 25 (16–40) 25 (16–39) 26 (17–42) 0.050

Neutrophil count, k/μL 5.8 (4–8.4) 5.6 (3.8–7.9) 6.5 (4.6–9.9) <0.001

Lymphocyte count, k/μL 1 (0.7–1.3) 1 (0.7–1.4) 0.9 (0.6–1.3) <0.001

Ferritin, ng/mL 733 (757–1581) 701 (335–1452) 911 (504–2097) <0.001

Lactate dehydrogenase, U/L 401 (300–549) 372 (285–492) 506 (359–693) <0.001

C-reactive protein, mg/L 11.6 (5.1–20.1) 10 (4.4–18.2) 15.7 (8.6–24) <0.001

d-dimer, μg/mL 2 (1–4.5) 1.8 (0.9–3.6) 3 (1.5–8.5) <0.001

Procalcitonin, ng/mL 0.3 (0.1–1.1) 0.2 (0.1–0.7) 0.9 (0.3–3.4) <0.001

Lactic acid, mmole/L 2.2 (1.6–3.1) 2.1 (1.6–2.8) 2.6 (1.9–4) <0.001

ProBNP, pg/mL 581 (149–2857) 354 (104–1479) 1645 (547–8487) <0.001

Creatinine, mg/dL 1.3 (0.9–2.5) 1.2 (0.9–2.1) 1.8 (1.2–3.4) <0.001

Glucose, mg/dL 180 (120–274) 172 (124–266) 197 (138–304) <0.001

Troponin T, mg/mL 0.01 (0.01–0.05) 0.01 (0.01–0.03) 0.03 (0.01–0.1) <0.001

Inpatient medications, n (%)

ACE inhibitors 196 (8.7) 158 (10) 38 (5.2) <0.001

ARB 165 (7.4) 127 (8.3) 38 (5.2) 0.009

Hydroxycholoroquine 1652 (73) 1130 (74) 522 (72) <0.001

Antibiotics 1758 (78) 1096 (71) 662 (91) <0.001

Intravenous steroids 557 (25) 299 (20) 258 (35) 0.12

ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ASHD, atherosclerotic heart disease; BNP, B-type natriuretic peptide; 
and COVID-19, coronavirus disease 2019.

*Survivors vs nonsurvivors.
†Other includes Asian, Pacific Islander, American Indian, Alaskan Native, or Other.
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Table 3. Characteristics of Statin Users and Nonusers Among Patients With and Without Diabetes Mellitus Hospitalized 
With COVID-19

Characteristic

Patients With Diabetes Mellitus (n=2266) Patients Without Diabetes Mellitus (n=1986)

Statin (n=983) No Statin (n=1283) P Value* Statin (n=372) No Statin (n=1614) P Value*

Age, y 69±11 67±14 <0.003 70±12 59±18 <0.001

Female, n (%) 456 (46%) 621 (49%) 0.34 162 (44) 758 (47) 0.23

Race/Ethnicity, n (%) 0.29 0.54

Non-Hispanic Black 375 (38) 512 (40) 135 (36) 539 (33)

Non-Hispanic White 69 (7) 95 (7) 45 (12) 142 (9)

Hispanic 378 (38) 444 (35) 124 (33) 624 (39)

Other†/Unknown 161 (16) 161 (16) 68 (18) 309 (19)

Body mass index, kg/m2 28.5 (24.8–32.8) 28.7 (24.9–33.7) 0.32 27.3 (23.8–32.1) 28.9 (24.6–33.2) 0.002

Past medical diagnosis, n (%)

Hypertension 898 (91) 1082 (84) <0.001 277 (74) 903 (50) <0.001

ASHD 456 (46) 364 (28) <0.001 127 (34) 162 (10) <0.001

Lung disease 358 (36) 403 (31) 0.012 100 (27) 342 (21) 0.017

Charlson comorbidity index 6 (3–9) 4 (2–8) <0.001 4 (2–6) 2 (0–4) <0.001

Days from symptoms to presentation 2 (0–5) 3 (0–6) 0.28 2 (0–6) 3 (0–7) 0.033

Vital signs at presentation

Systolic blood pressure, mm Hg 135 (118–153) 132 (113–149) <0.001 130 (113–148) 128 (114–144) 0.10

Diastolic blood pressure, mm Hg 74 (64–83) 75 (63–85) 0.26 75 (66–84) 75 (66–85) 0.60

Heart rate, beats//min 95 (82–108) 101 (87–115) <0.001 95 (82–107) 99 (86.8–113.3) <0.001

Oxygen saturation (%) 95 (92–98) 94 (89–97) <0.001 96 (92–98) 95 (91–98) 0.71

Respiratory rate, breaths/min 20 (18–22) 20 (18–24) <0.001 20 (18–22) 20 (18–22) 0.037

Temperature, ˚F 98.8 (98.2–100) 98.9 (98.2–100.1) 0.16 98.8 (98.2–100) 99.0 (98.3–100.1) 0.065

Laboratory markers

Alanine transaminase, U/L 23 (16–36) 27 (17–44) <0.001 28 (18–43.5) 31 (19–49) 0.031

Neutrophil count, k/μL 5.5 (3.9–7.9) 6.1 (4.2–8.8) <0.001 5.2 (3.4–7.4) 5.6 (3.7–8.6) 0.001

Lymphocyte count, k/μL 0.9 (0.7–1.3) 1 (0.7–1.4) 0.32 1 (0.7–1.4) 1.1 (0.7–1.5) 0.079

Ferritin, ng/mL 683 (340–1486) 786 (368–1702) 0.048 785 (455.5–1425) 854.5 (408–1709) 0.34

Lactate dehydrogenase, U/L 367 (282–487) 434 (323–616) <0.001 381 (295–546) 393 (285–543.5) 0.89

C-reactive protein, mg/L 10.2 (4.5–18.4) 12.9 (5.9–21.4) <0.001 8.4 (3–16.8) 9.7 (3.7–18.2) 0.14

d-dimer, μg/mL 1.8 (0.9–3.7) 2.2 (1.1–5) <0.001 1.9 (0.9–3.6) 1.6 (0.9–4) 0.56

Procalcitonin, ng/mL 0.2 (0.1–0.8) 0.4 (0.1–1.5) <0.001 0.2 (0.1–0.6) 0.2 (0.1–0.8) 0.32

Lactic acid, mmole/L 2.1 (1.6–2.8) 2.3 (1.7–3.4) <0.001 1.9 (1.4–2.6) 2 (1.5–2.9) 0.028

ProBNP, pg/mL 617 (174–3467) 572 (137–2519) 0.14 598 (128–1848) 257 (66–1240.5) <0.001

Creatinine, mg/dL 1.4 (1–2.8) 1.3 (0.9–2.3) <0.001 1.1 (0.9–1.6) 1 (0.8–1.4) <0.001

Glucose, mg/dL 176 (128–260) 183 (129–283) 0.16 123 (109–143) 123 (108–145) 0.76

Troponin T, mg/mL 0.01 (0.01–0.06) 0.01 (0.01–0.05) 0.10 0.01 (0.01–0.03) 0.01 (0.01–0.02) 0.009

Inpatient medications, n (%)

ACE inhibitors 127 (12.9) 69 (5.4) <0.001 36 (9.7) 50 (3.1) <0.001

ARB 102 (10.4) 63 (4.9) <0.001 22 (5.9) 54 (3.3) 0.020

Hydroxycholoroquine 734 (74) 918 (72) 0.10 273 (73) 1106 (69) 0.67

Antibiotics 739 (75) 1019 (79) 0.016 287 (77) 1207 (75) 0.34

Intravenous steroids 245 (25) 312 (24) 0.74 70 (19) 320 (20) 0.66

Statin type, %

Atorvastatin 751 (76) 273 (73)

Pravastatin 51 (5) 23 (6)

Rosuvastatin 8 (1) 2 (1)

Simvastatin 173 (18) 74 (20)

ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ASHD, atherosclerotic heart disease; BNP, B-type natriuretic peptide; 
and COVID-19, coronavirus disease 2019.

*Statin vs no statin.
†Other includes Asian, Pacific Islander, American Indian, Alaskan Native, or Other.
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markers and had reduced mortality. In contrast, there 
was no difference in inflammatory markers at presen-
tation in patients without diabetes mellitus either on or 
off statins (Table 3). Presuming that in-hospital statin ad-
ministration was indicative of outpatient usage and ad-
herence, one might speculate that statin therapy blunted 
the COVID-19 inflammatory response before admission 
as well as during hospitalization, and improved survival 
was related to ongoing chronic statin use. This hypoth-
esis would have to be prospectively tested. Guidelines 
recommend statin therapy for adults 40 to 75 years of 
age with diabetes mellitus to reduce cardiovascular dis-
ease,26 but these agents remain underused.27 Usage of 
statins in patients with diabetes mellitus is reported to be 
low, in the 40% to 50% range, with further underusage in 
minorities,27 which was consistent within our cohort. Our 
findings, if validated, may further strengthen and refocus 
administration of statins to patients with diabetes mellitus 
during the COVID-19 era.

Limitations
This investigation has several limitations. First, 
given the retrospective nature of our investigation 

and admission of patients not necessarily followed 
chronically at our institution, we were unable to firmly 
differentiate patients who received a statin into sub-
categories of prehospital user or in-hospital user and 
those with cessation of chronic statin use. However, 
it has not been our institutional practice to initiate 
new statin therapy in patients with acute COVID-19 
illness. In addition, typical clinical parameters that 
might lead to discontinuation of statin therapy, such 
as a significant elevation in liver enzymes including 
alanine aminotransferase, was neither apparent nor 
clinically meaningfully different between those who 
did and did not receive statins. Patients on statins 
may have unmeasured confounders that could not 
be assessed through matching and weighting meth-
ods. However, such unmeasured confounders would 
also be present in statin users without diabetes mel-
litus, who did not show any difference in hospital 
mortality in comparison to nonusers. The fidelity of 
the data may be limited by the accuracy and level of 
documentation within the electronic medical records. 
Because of the single-center design, generalizabil-
ity may be limited. These observational findings do 
not assess the efficacy of statins as a therapeutic 
agent for COVID-19 in patients with diabetes melli-
tus, which can be accomplished only through a ran-
domized control trial.

CONCLUSIONS
In summary, in this observational analysis, statin ad-
ministration to patients with diabetes mellitus was 
associated with a reduced risk of in-hospital mor-
tality during COVID-19. Further study to validate our 
findings and investigate underlying mechanisms is 
needed.
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Table 4. Association Between Statin Use and In-Hospital 
Mortality in Patients With Diabetes Mellitus by Crude 
Analysis, Multivariable Analysis, and Propensity-Matching 
Methods

HR (95% CI) P Value

Regression models with competing risks

Crude 0.54 (0.46–0.63) <0.001

Age adjusted 0.50 (0.43–0.58) <0.001

Multivariable adjusted* 0.51 (0.43–0.61) <0.001

Propensity analyses†

Caliper matching

ATE 0.87 (0.83–0.91) <0.001

ATT 0.88 (0.83–0.94) <0.001

IPTW

ATE 0.88 (0.84–0.91) <0.001

ATT 0.88 (0.84–0.92) <0.001

ATE indicates average treatment effect of statins in patients with diabetes 
mellitus admitted with COVID-19; ATT, average treatment effect in patients 
with diabetes mellitus treated with a statin; and IPTW, inverse probability 
treatment weighing.

*The multivariable competing risk regression model was adjusted for 
age, sex, history of atherosclerotic heart disease, Charlson comorbidity 
index, presenting diastolic blood pressure, respiratory rate, pulse oximetry 
measurement, serum glucose, serum lactic acid, serum creatinine, and 
intravenous antibiotic use during hospitalization.

†Covariates in the propensity analyses (caliper matching and IPTW) 
included: age, sex, body mass index, days of symptoms before admission, 
history of atherosclerotic heart disease, Charlson comorbidity index, 
presenting diastolic blood pressure, respiratory rate, pulse oximetry 
measurement, heart rate, serum glucose, lactic acid, serum creatinine, serum 
troponin levels, usage of angiotensin converting enzymes inhibitors, usage 
of angiotensin receptor blockers, serum troponin level, and intravenous 
antibiotics during hospitalization.
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Figure S1. Propensity score distribution of patients with diabetes who were hospitalized 

with COVID-19 and treated or not treated with a statin. 

 

 

 

 



Figure S2. Changes in standardized differences of the covariates after propensity score 

matching in patients with diabetes on and off statin. 




