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OBJECTIVE

ToexaminewhetherHbA1c, outpatient diabetes treatment regimen,demographics,
and clinical characteristics are associated with mortality in hospitalized patients
with diabetes and coronavirus disease 2019 (COVID-19).

RESEARCH DESIGN AND METHODS

This was a retrospective cohort analysis of patients with diabetes hospitalized with
confirmed COVID-19 infection from 11 March to 7 May 2020 at a large academic
medical center in New York City. Multivariate modeling was used to assess the
independent association of HbA1c levels and outpatient diabetes treatment regimen
with mortality, in addition to independent effects of demographic and clinical
characteristics.

RESULTS

We included 1,126 hospitalized patients with diabetes and COVID-19 for analysis,
among whommean age was 68 years, 50% were male, 75% were Black, mean BMI
was 30 kg/m2, 98% had type 2 diabetes, mean HbA1c was 7.5%, and 33.1% died.
HbA1c levelswere not associatedwithmortality in unadjusted or adjusted analyses,
but an outpatient regimen with any insulin treatment was strongly predictive.
Additionally, age, sex, and BMI interacted such that in all age categories, mortality
was higher with increasing BMI in males compared with females.

CONCLUSIONS

In this large U.S. cohort of hospitalized patientswith diabetes and COVID-19, insulin
treatment, as a possible proxy for diabetes duration, and obesity rather than long-
term glycemic control were predictive of mortality. Further investigation of
underlying mechanisms of mortality and inpatient glycemic control is needed.

Since the first cases of coronavirus disease 2019 (COVID-19) emerged in China in
December 2019 (1), severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has
caused high rates of transmission and mortality worldwide, especially among people
withdiabetes (2).Diabetesaffectsapproximatelyone-halfbillionpeople in theworld (3),
with incidence rising steadily. People with diabetes are known to be more prone to
complications and death from infectious pulmonary diseases, including COVID-19
(2,4,5). Given how vulnerable patients with diabetes are and the high prevalence of
diabetes, a deeper understanding of diabetes-specific risk factors for COVID-19–related
morbidity andmortality is critical tooptimizingmanagement and to improveoutcomes.
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Numerous studies from Asia, Europe,
and the U.S. have demonstrated higher
ratesofmechanical ventilationanddeath
from COVID-19 among people with di-
abetes compared with people without
diabetes (2,4,6,7). These reports showed
that people with diabetes of older age,
higher BMI, and more comorbidities had
increased mortality, ranging from 10%
to 45% (2,4). Prior viral pneumonia pan-
demics including H1N1 influenza and
Middle East respiratory syndrome dem-
onstrated similar increased risk in people
with diabetes (8–10). However, the roles
of diabetes treatment regimen and gly-
cemic control prior toCOVID-19 infection
and their contribution to the higher mor-
tality risk in diabetes remain unclear.
Few studies have specifically examined

the effect of preadmission glycemic con-
trol in patients with diabetes and risk of
in-hospital mortality from COVID-19, de-
spite having great implications for out-
patient glycemic management during the
pandemic. Zhu et al. (6) used a large
Chinese cohort to match patients based
on preadmission glycemic control and
found that higher preadmission HbA1c
levels were associated with higher
in-hospitalmortality. However, this study’s
limitations included a higher prevalence of
cardiovascular disease and older age in the
higher HbA1c group that could have con-
founded the relationship between pread-
mission HbA1c levels and mortality. The
Coronavirus SARS-CoV-2 and Diabetes
Outcomes (CORONADO) study was a na-
tionwide French study of people with
diabetes and COVID-19 examining pre-
admission and admission characteristics
with a primary composite outcome of
mechanical ventilation ormortality and a
secondary outcome of mortality alone
within 7 days of admission and demon-
strated that neither HbA1c nor BMI was
associated with mortality alone (7). This
study examined independent effects af-
ter accounting for multiple variables,
which strengthens its results, but has
not been confirmed yet by others.
While prior studies provide early insight

into relationships between preadmission
glycemic control and mortality among
people with diabetes and COVID-19, char-
acterization of U.S. cohorts is still needed
for several reasons: 1) the reported death
rate in theU.S. is significantlyhigher than in
China or Europe (4); 2) differences in
virulence of COVID-19 strains and trans-
mission in the U.S. compared with

Europe and China may result in different
outcomes among U.S. diabetes cohorts
(11); and 3) treatment regimens for both
COVID-19 and diabetes may differ sig-
nificantly between the U.S. and other
countries (12), which limits generalizabil-
ity of the previously published studies.

The goal of this study was to use a U.S.
cohort to examine the association of out-
patient glycemic control, diabetes treat-
ment, and other characteristics with
mortality among hospitalized patients
with diabetes and COVID-19. We used a
diverse cohort fromNew York City, at the
height of the U.S. COVID-19 pandemic, with
high hospitalization and mortality rates
from COVID-19. We hypothesized that
HbA1c, outpatient insulin treatment, and
other comorbidities would be associated
withmortality aftermultiple adjustment.

RESEARCH DESIGN AND METHODS

Setting and Participants
Montefiore Medical Center (MMC) com-
prises three hospitals with a total of 1,536
beds and with a high proportion of pa-
tients from racial/ethnic minority popu-
lations and low socioeconomic status
(13). From11March to 7May 2020, there
were 3,992 COVID-19–positive admis-
sions at MMC.

The study population included all pa-
tients with documented diabetes defined
by Clinical Modification code (ICD-10-
CM) or HbA1c $6.5% (11) prior to or
during the first week of hospitalization
who were admitted to MMC from
11 March to 7 May 2020 and were
confirmed to be COVID-19 positive by
PCR testing. Participants were excluded
from this analysis if they were still hos-
pitalized at the end of data collection
because the end points of hospital dis-
charge or death were not known.

Study Design, Data Collection, and
Measures
This is a retrospective electronic health
record analysis of all patients meeting in-
clusion criteria admitted during the study
time frame. A priori decisions were made
to extract data on measures that were
associated with diabetes and mortality. A
data analyst used automated chart extrac-
tion(EpicClarity) tocollectallvariables,and
the data were cross-checked for integrity
before analysis with other institutional
projects using different methods of data
retrieval (Clinical Looking Glass).

Primary Outcome
Theprimaryoutcomewasmortality atany
point during hospitalization for COVID-19
in the study time frameor livedischarge. If
the person was admitted and discharged
alive and subsequently readmitted after
which they expired during readmission,
their data from both admission time
frames were used.

Demographic and Clinical
Characteristics
Age, sex, race, ethnicity, and insurance
status were collected for every partici-
pant when available. For race/ethnicity
information, there was a high amount of
missing data (56%), so this information
was not included in further analyses.

Glycemic Control

HbA1c levels were used to define glyce-
mic control. The most recent HbA1c level
within 3 years prior to or during the first
week of admission was used for analysis.

Treatment Regimen

Outpatient diabetes treatment regimen
prior to admission was collected from
medication reconciliation files and cate-
gorized into insulin only, insulin plus
noninsulin, noninsulin medications (oral or
injectable), and no diabetes medications.

Comorbidities and Long-term Diabetes

Complications

Hypertension, chronic kidney disease,
and chronic obstructive pulmonary dis-
ease were directly extracted using ICD-
10-CM codes from outpatient visits for
2 years prior to admission or admission
diagnoses. Cardiovascular disease was
a composite measure using ICD-10-CM
codes for cardiovascular disease, myocar-
dial infarction, congestive heart failure,
prior history of coronary artery bypass
graft surgery or percutaneous coronary
stentplacement, cerebrovascular disease,
and peripheral arterial disease.

Data Analysis
Descriptive statistics were calculated for
all variables, with mean6 SD or median
and interquartile range reported for con-
tinuous variables, and number and per-
centage of total for categorical variables.

To assess the associations of pread-
mission attributes with in-hospital mor-
tality, we performed logistic regression
analyses with death as the outcome
variable. Inbivariateanalyses, eachof the
attributes was the sole predictor used. In
multivariate logistic regression analyses,
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we used all of these variables as pre-
dictors simultaneously. The odds ratios
from both the bivariate (unadjusted) and
multivariate (adjusted) analyses are re-
ported along with their 95% CIs.
We also tested for interactions be-

tween age, sex, and BMI in their asso-
ciation with mortality using a logistic
regression model with death as the out-
come and a three-way interaction of
these parameters as predictors. As the
three-way interaction termwas found to
make no discernible contribution to the
model, it was dropped and results are
presented fromamodel containing these
three predictors and all of their pairwise
interactions.

RESULTS

Patient Characteristics
Table 1 displays the clinical and demo-
graphic characteristics of our cohort. Out
of 3,992 COVID-19 admissions between
11 March and 7 May 2020, 1,399 patients
hadHbA1c levelswithin the past 3 years.Of
1,399 patients, 1,279 had a prior history of
diabetesorHbA1c levels$6.5%(48mmol/
mol). Of 1,279 eligible patients, 1,126
had complete data on all of the variables
tested for inclusion in the study.
The mortality rate for the cohort of

hospitalized patients with diabetes and
COVID-19 was 33.1%. The majority of
patients had type 2 diabetes, and mean
HbA1c levelwas7.5%(58mmol/mol).Most
recent HbA1c level was within 1 year of
admission for 75% of participants and
within 1 week of hospitalization for 18%
of participants. Participantswere treated
in roughly equal amounts with insulin
and noninsulin medications prior to ad-
mission. Proportions of Medicaid and
Medicare insurance were equally high.

Association of Age, Sex, and BMI With
Mortality
The combination of age, sex, and BMI was
strongly predictive of mortality (Fig. 1).
As age increased, mortality increased as
BMI increased and was higher for males
compared with females (Fig. 1).

Association of Preadmission Glycemic
Control and Outpatient Diabetes
Treatment Regimen With Mortality
There was no significant association of
HbA1c levels with mortality in unadjusted
analyses orwhenadjusted for demographic
characteristics, BMI, treatment regimen,
andcomorbiditiesor complications (Table

2). Several a priori subanalyses were per-
formed to examine interactions ofHbA1c
with other variables, including age, sex,
BMI, and treatment regimen, which re-
vealed no significant interactions (results
not shown). In addition, we performed a
priori sensitivity analyses for poorly con-
trolled diabetes (HbA1c $9%, 75 mmol/
mol [14]), which showed no association
betweenHbA1c andmortality (results not
shown). Lastly, we examined whether
more or less recent testing for HbA1c
level would change results. Seventy-five
percent of the cohort had most recent
HbA1c levels within 1 year of admission,
and 18% had in-hospital HbA1c levels
within 1 week of admission. Analyses
of patients with HbA1c within 1 year or
1 week of hospitalization revealed no
differences in results compared with the
cohort that included patients with HbA1c
levels for up to3 years prior to admission.

For treatment regimen, there was in-
creased risk for mortality for the outpatient
treatment regimens containing insulin
(insulin only and insulin plus noninsulin),
compared with no treatment (Table 2). In
addition, there was a dose-response re-
lationship of insulin use with mortality
such that patients on insulin only prior to
admission had the highest risk of mor-
tality, followedbypatients on insulinplus
noninsulin treatments (Table 2). These
relationships were unchanged when in-
surance was included in the multivariate
model, indicating that the relationship
between treatment regimen and mor-
talitywasnotexplainedbydisadvantages
in treatment regimen due to insurance.

Association of Comorbidities and
Long-term Diabetes Complications
With Mortality
Cardiovascular disease, chronic kidney dis-
ease, and chronic obstructive pulmonary
disease were all strongly associated with
mortality in univariate analyses, while
hypertension was protective (Table 2).
In adjusted analyses, the associations of
cardiovasculardisease, chronic kidneydis-
ease, and hypertension were attenuated,
while chronic obstructive pulmonary dis-
ease remained strong (Table 2).

CONCLUSIONS

Recent data suggest that diabetes is a
risk factor for mortality in patients with
COVID-19 (2,4,15,16). We investigated
whether HbA1c levels, outpatient diabe-
tes treatment, and other characteristics

were associated with in-hospital mortal-
ity among patients with COVID-19 and
preexisting diabetes. Intriguingly, our re-
sults showed that HbA1c was not associ-
atedwithmortalityduringhospitalization,
while any outpatient insulin treatment
was strongly predictive. In addition, BMI
was independently predictive of mortal-
ity, especially among older men compared
with women.

Explanations for the lack of association
of HbA1c levels with in-hospital mortality
remain unclear. Given how closely tied
HbA1c is to overall disease progression
and complications (17), which were as-
sociated with mortality in our study, one
would expect higher HbA1c levels to be
associated with increased risk of mortal-
ity during hospitalizations for serious
infections, such as COVID-19. Moreover,
mechanistic studies have demonstrated
that chronic hyperglycemia is associated
with immune dysregulation and suscep-
tibility to severe prolonged lung disease,
suggesting that high HbA1c levels should
be associated with poor outcomes from
infectious diseases like COVID-19 (18). It
is possible that in the setting of such high
mortality rates in our cohort (33%), the
impact of glycemic control on mortality
was comparably too small to be detected.
However, results similar to ours were
reported in the CORONADO study from
France, which used multivariable model-
ing to evaluate the relationship of HbA1c
with mortality among patients with di-
abetes hospitalized for COVID-19 and
foundno relationshipofHbA1cwith either
mortality or invasive mechanical ventila-
tion (7). Interestingly, a study from China
found that hospitalized patients with di-
abetes with higher preadmission HbA1c
levelshadhighermortality fromCOVID-19
(6). However, this study had unmatched
variables between groups, which limited
conclusions, with disproportionate repre-
sentation of older age, male sex, higher
BMI, and more comorbidities in the higher
HbA1c group.

Other large studies prior to the COVID-
19 pandemic have demonstrated a com-
plex relationship of HbA1cwith in-hospital
mortality. A large meta-analysis of mor-
tality from acute coronary syndrome in
hospitalized patients with and without
diabetes found that HbA1c was not asso-
ciated with mortality in patients with
diabetes, even though patients with di-
abetes had higher mortality than those
without diabetes (19). In two separate
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studies examining thousands of patients
postoperatively,HbA1cwasnotassociated
with 30-day or 6-month mortality (20),
while HbA1c was strongly associated with
in-hospital glucose levels, surgical com-
plications, intensive care unit admissions,
and length of stay (21). These studies sug-
gest that HbA1c levels have effects on
in-hospital glucose levels but are not in-
dependently predictive of mortality. Thus,
in-hospital mortality may be affected by
in-hospital factors such as severity of
illness, inpatient insulin treatment, and
other hyperglycemia-inducing hospital
interventions and need to be further
investigated.

Our findings suggest that outpatient
insulin treatmentmaybe abettermarker
for hospital mortality risk fromCOVID-19
than HbA1c level. In our analysis, insu-
lin treatment was strongly predictive of
mortality and acted in a dose-dependent
fashion, with treatment regimens of in-
sulin only conferring higher risk than that
for regimens of insulin plus noninsulin.
In this cohort of predominantly type 2
diabetes, insulin treatment is likely a
surrogate marker of diabetes duration
and progression of disease with accom-
panying b-cell loss. Recent evidence sug-
gests that COVID-19 itself might induce
b-cell loss/dysfunction (5). Thus, theremay

be an additive effect of COVID-19 to the
mortality risk of diabetes disease progres-
sion, but more studies are needed to
confirm this hypothesis.

We also found that age, sex, and BMI
interacted and strongly predicted mor-
tality in this diabetes cohort; specifically,
as age increased, mortality was higher
with increasing BMI in men compared
with women. Results from other studies
examining the relationship of age, sex,
and BMI individually with mortality are
consistent with our results (2,4), but
none of the previous studies have tested
the intersection of these three important
variables or controlled for common co-
morbidities in older age such as hyper-
tension, cardiovascular disease, chronic
kidney disease, and chronic obstructive
pulmonary disease. Obesity has been a
subject of much study in COVID-19 and
has been shown to be an independent
risk factor for mortality compared with
other diseases (4,22,23). However, few
studies have looked at the effect of BMI
as a risk factor of COVID-19 mortality
independent of diabetes. For diabetes-
specific risk factors, obesity couldworsen
insulin resistance, thus complicating in-
patient glycemic management. For the
sex-based differences in mortality we
found, it has been hypothesized that
theremay be a protective effect of estro-
gens in COVID-19, which needs to be
further elucidated (24). Our results of a
three-way interaction provide a basis for
risk stratification for proactive intensifi-
cation of therapy in the hospital and
should be considered in the design of
trials testing COVID-19 treatments for
high-risk subgroups (older obese men
with diabetes).

Lastly, we found that cardiovascular
disease, chronic kidney disease, and
chronic obstructive pulmonary disease
were strongly associated with mortality
and hypertension was protective in un-
adjusted analyses but that these relation-
ships were attenuated after adjustment,
except for chronicobstructivepulmonary
disease. Other studies have found sig-
nificant associations of comorbidities
and complications of diabetes with mor-
tality in COVID-19 (4,7). For cardiovas-
cular disease, COVID-19 is associated
with cardiac involvement and increased
thromboembolic risk, both of which may
contribute to the association between
cardiovasculardiseaseandmortality among
COVID-19 patients with dysglycemia (25,26).

Table 1—Characteristics of hospitalized patients with diabetes and COVID-19
Outcome
Vital status (at discharge)
Alive, n 5 798 66.9
Deceased, n 5 394 33.1

Median survival 6 IQR (days), n 5 1,279 18 6 20

Demographic characteristics
Age (years), n 5 1,279 67.9 6 13.7
Sex, n 5 1,279
Male, n 5 630 49.3
Female, n 5 649 50.7

Race, n 5 690
White, n 5 112 15.5
Black or African American, n 5 538 74.5
Other, n 5 40 5.8

Ethnicity, n 5 1,170
Spanish/Hispanic/Latino, n 5 473 40.4
Not Spanish/Hispanic/Latino, n 5 697 59.6

Insurance
Medicaid, n 5 556 43.0
Medicare, n 5 602 47.0
Commercial, n 5 120 9.0

Clinical characteristics
HbA1c (%), n 5 1,279 7.5 6 2.0
HbA1c (mmol/mol), n 5 1,279 58 6 21.9
BMI (kg/m2), n 5 1,271 30.1 6 7.5
Hypertension, n 5 1,163 90.9
Cardiovascular disease, n 5 754 59.0
Chronic kidney disease, n 5 544 42.5
Chronic obstructive pulmonary disease, n 5 163 13.5
Type of diabetes, n 5 1,279
Type 1 diabetes, n 5 21 1.6
Type 2 diabetes, n 5 1,258 98.4

Outpatient diabetes treatment regimen, n 5 1,258
None, n 5 259 20.3
Insulin only, n 5 119 9.3
Insulin plus noninsulin, n 5 412 32.2
Noninsulin only, n 5 489 38.2

Any noninsulin treatment
Metformin, n 5 585 45.7
Sulfonylurea, n 5 280 21.9
DPP-4 inhibitor, n 5 329 25.7
GLP-1 agonist, n 5 136 10.6
SGLT2 inhibitor, n 5 57 4.5

Data aremean6 SD or% unless otherwise indicated. n data show the number of patients for each
variable. DPP-4, dipeptidyl peptidase 4; GLP-1, glucagon-like peptide 1; IQR, interquartile range;
SGLT2, sodium–glucose cotransporter 2.
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Chronic kidney disease may lead to elec-
trolyte and fluid shifts that increase risk
for COVID-19 cardiovascular mortality
(27). Chronic obstructive pulmonary dis-
ease may be associated with alterations
in lung microbiome imbalance and struc-
tural damage, which confer increased
risk for mortality (28). Lastly, hyperten-
sion may have appeared protective if
antihypertensive medications commonly
used in diabetes, such as ACE inhibitors and

angiotensin receptor blockade agents,
decreased the cardiovascular risk ofmor-
tality from COVID-19 (29,30). Never-
theless, these factors did not appear to
be as strongly predictive of mortality
after full adjustment of all variables.

This studyhas several limitations. First,
this study is cross-sectional. Thus, we
can only make conclusions about asso-
ciations and not causality. Second, only
the most recent HbA1c value was used in

analyses, which may not fully reflect the
relationship of glycemic control with mor-
tality. Nevertheless, the majority of partic-
ipants had HbA1c levels within 1 year of
admission and there was no difference in
results in comparison of HbA1c values for
up to 3 years prior to admissionwithHbA1c
valueswithin1yearor1weekofadmission.
We could not include a measure of glyce-
mic variability, which may have been im-
portant, given prior studies demonstrating

Figure 1—Mortality by age (years), sex, and BMI in hospitalized patients with diabetes and COVID-19. P value compares all age-groups.

Table 2—Mortality odds ratios of preadmission clinical characteristics in hospitalized patients with diabetes and COVID-19
(N 5 1,126)

Unadjusted OR Unadjusted 95% CI Adjusted OR* Adjusted 95% CI*

Glycemic control: HbA1cƗ 1.02 0.96, 1.08 1.01 0.94, 1.09

Treatment regimen (Ref: no treatment)
Noninsulin only 1.45 1.00, 2.10 1.30 0.89, 1.91
Insulin 1 noninsulin 1.68 1.15, 2.45 1.74 1.13, 2.68
Insulin only 1.98 1.20, 3.26 2.30 1.32, 4.01

Comorbidity or long-term diabetes complication
Hypertension 0.84 0.44, 1.58 0.54 0.28, 1.05
Cardiovascular disease 1.57 1.21, 2.04 1.18 0.88, 1.57
Chronic kidney disease 1.34 1.05, 1.72 1.11 0.84, 1.45
Chronic obstructive pulmonary disease 1.63 1.16, 2.29 1.46 1.02, 2.08

Ref, reference. *Adjustment: each variable was adjusted for age, sex, BMI, insurance, and the other variables in the table. ƗMost recent HbA1c within
3 years prior to or 1 week after hospitalization was used for analyses.
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that variability in HbA1c independently
predicts mortality and thus should be
further studied (31,32). Lastly, this study
was performed in a single medical cen-
ter located in New York City and there-
fore our results may not be applicable to
other geographic regions in the U.S.
Nevertheless, our study included a large
cohort of patients at the epicenter of the
COVID-19 pandemic, and our null HbA1c
results are consistent with studies from
other areas (7).
In conclusion, we analyzed the asso-

ciation of mortality with HbA1c levels,
outpatient diabetes treatment, and other
outpatient characteristics in a large cohort
of hospitalized patients with diabetes and
COVID-19 and, importantly, found that
HbA1c was not predictive of in-hospital
mortality. We also found that insulin
treatment and obesity were strongly and
independently predictive of mortality. Our
results should help guide risk stratification
for clinicians caring for patients with di-
abetesandCOVID-19 in thehospital setting
as well as guide outpatient management
and mitigation of risk factors. More re-
search is needed to examine the role of
inpatient glycemic control on mortality in
patients with diabetes and COVID-19.
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