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OBJECTIVE

Diabetes and the outpatient diabetes treatment regimen have been identified as
risk factors for poor outcomes in patients with sepsis. However, little is known
about the effect of tight inpatient glycemic control in the setting of coronavirus
disease 2019 (COVID-19). Therefore, we examined the effect of hyperglycemia in
patients with diabetes hospitalized because of COVID-19.

RESEARCH DESIGN AND METHODS

We analyzed data from 1,938 COVID-19 patients with diabetes hospitalized for
COVID-19 from March to May 2020 at a large academic medical center in New
York City. Patients were divided into two groups based on their inpatient glyce-
mic values, and a Cox proportional hazards regression model was used to assess
the independent association of inpatient glucose levels with mortality (primary
outcome) and the risk of requiring mechanical ventilation (MV) (secondary
outcome).

RESULTS

In our analysis, 32% of the patients were normoglycemic and 68% hyperglycemic.
Moreover, 31% of the study subjects died during hospitalization, and 14% re-
quired MV, with inpatient hyperglycemia being significantly associated with both
mortality and the requirement for MV. Additionally, in the Cox regression analy-
sis, after adjustment for potential confounders, including age, sex, race, BMI,
HbA1c, comorbidities, inflammatory markers, and corticosteroid therapy, patients
with uncontrolled hyperglycemia had a higher risk of dying (hazard ratio [HR]
1.54, 95% CI 1.00–2.36, P = 0.049) and of requiring MV (HR 4.41, 95% CI
1.52–2.81, P = 0.006) than those with normoglycemia.

CONCLUSIONS

A tight control of inpatient hyperglycemia may be an effective method for im-
proving outcomes in patients with diabetes hospitalized for COVID-19.

Higher rates of mechanical ventilation (MV) and death from coronavirus disease
2019 (COVID-19) have been documented in patients with diabetes compared with
those without diabetes (1–4). Moreover, hyperglycemia before and after hospitali-
zation and diabetes duration have been significantly associated with worse progno-
sis in patients with COVID-19, most likely through alterations of the immune and
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coagulation systems (4–10). While the
presence of diabetes is more commonly
associated with severe COVID-19, the
mechanisms underlying this association
remain to be elucidated (11–13). Inter-
estingly, glycemic control in the inpatient
environment has been linked to out-
comes in critically ill patients, regardless
of diabetes status (14–17). Therefore,
hyperglycemia may represent a risk factor
for COVID-19 outcomes that could be
modifiable with an improved glucose con-
trol. However, data evaluating the impact
of inpatient glycemic control in patients
with diabetes and COVID-19 on progno-
sis remain scarce (18,19), and there is an
urgent need for research to help to guide
the management of these patients. Thus,
the aim of this study was to assess
whether uncontrolled inpatient hyper-
glycemia was associated with mortality
and MV in our study population enrolled
at a large academic medical center in
New York City.

RESEARCH DESIGN AND METHODS

Setting and Patients
Our analysis was conducted in patients
with COVID-19 (confirmed by PCR testing)
admitted to Montefiore Medical Center
in New York City from March to May 2020.
The study population included patients
with COVID-19 and with documented di-
abetes (defined by HbA1c $6.5%) before
or during the first week of hospitalization.
Participants who were still hospitalized at
the end of the data collection period
were excluded from the analysis because
the end points of hospital discharge or
death were not known. The investigation
conformed with the principles outlined in
the Declaration of Helsinki, and the study
protocol was approved by the institu-
tional ethics committee. Written informed
consent was obtained from all patients or
their legal representatives.

Demographic and Clinical
Characteristics
Information on age, sex, race, ethnicity,
insurance status, and BMI was collected
for all participants. Race and ethnicity
were self-reported. The most recent HbA1c
level within 3 years before or during the
first week of admission was used for analy-
sis. C-reactive protein (CRP) and D-dimer
levels were measured from blood col-
lected in EDTA-coated tubes immediately

after admission. Comorbidities, including
hypertension, cerebrovascular events,
coronary and peripheral artery diseases,
chronic kidney disease, and chronic
obstructive pulmonary disease were
evaluated using ICD-10-CM codes from
outpatient visits for 2 years before ad-
mission or admission diagnoses (20–22).
Patients (independently of their fasting
state) were stratified according to their
glycemic values during hospitalization;
those with blood glucose levels at a tar-
get glucose range of 80–180 mg/dL for
the entire hospital stay were considered
normoglycemic (23).

Study Outcomes
The primary outcome was mortality at
any point during hospitalization in the
study time frame or live discharge; the
secondary outcome was the requirement
of MV during hospitalization.

Statistical Analysis
Descriptive data were reported as mean ±
SD for approximately normally distributed
continuous variables, median (interquartile
range) for severely skewed continuous
variables, and numerical values (percen-
tages) for categorical variables. Normal
distribution of the data was assessed
through normal probability plots and
confirmed with the skewness/kurtosis
test for normality. Bivariate tests were
used to assess the association between
the inpatients’ glycemic values and their
baseline characteristics. Statistical signifi-
cance was determined by a two-tailed
P < 0.05. In the statistical analysis, dif-
ferences for continuous variables were
evaluated using two-sample t test for
approximately normally distributed vari-
ables and Mann-Whitney U test for se-
verely skewed variables. The x2 test or
Fisher exact test was used to measure
associations between dichotomous and
categorical variables. A Cox proportional
hazards regression analysis was used to
relate inpatient glycemic values to the
primary and the secondary outcomes,
adjusting for likely confounders (selected
a priori on the basis of their clinical sig-
nificance and possible confounding ef-
fect). A backward selection method was
used to create the final model, including
age, sex, race, BMI, HbA1c, comorbidities,
inflammatory markers, and corticosteroid
therapy. Hazard ratios (HRs) from both

the bivariate (unadjusted) and the multi-
variate (adjusted) analyses are reported
along with their 95% CIs. Statistical analysis
was done using Stata 16.1 for Macintosh
software (StataCorp, College Station, TX).

RESULTS

Demographic, anthropometric, and clini-
cal characteristics of the population stud-
ied in this analysis (total and by glycemic
status) are shown in Table 1. The cohort
included 1,938 patients; the mean age
was 68.08 ± 13.7 years, 50% were male,
76% were Black, and 40% were Hispanic.
In addition, the mean BMI of the en-
rolled patients was 30 kg/m2; 98% of
participants had type 2 diabetes, 2% had
type 1 diabetes, 32% received systemic
corticosteroids in the hospital (Table 1),
31% died during hospitalization, and
14% required MV (Fig. 1A and B). Partici-
pants were divided into two groups based
on their inpatient glycemic values (32%
normoglycemic, 68% hyperglycemic). Bi-
variate analysis comparing characteristics
between patients with normoglycemia
and those with hyperglycemia revealed
that the two groups did not differ in terms
of age, sex, race, ethnicity, and insurance
type (Table 1).

Significant differences were found,
however, between the two cohorts in
some of their clinical characteristics,
laboratory parameters, and comorbid-
ities. Specifically, patients with higher
HbA1c, CRP, and D-dimer had uncontrolled
hyperglycemia during hospitalization (P <

0.001). In addition, cardiovascular diseases
(including hypertension [P = 0.009], coro-
nary artery disease [P = 0.004], and pe-
ripheral artery disease [P < 0.001]) and
chronic kidney disease (P < 0.001) were
significantly associated with inpatient
hyperglycemia (Table 1). We then evalu-
ated the percentages of patients with
hyperglycemia and normoglycemia who
died (38% and 16%, respectively) or re-
quired MV (19% and 3%, respectively)
during hospitalization (Fig. 1), and we ob-
served a significant difference between
the two groups (P < 0.001).

Moreover, we detected a significant
association between inpatient glycemic
control and the primary outcome (HR
1.62, 95% CI 1.31–2.00, P < 0.001). This
association remained significant (HR
1.54, 95% CI 1.00–2.36, P = 0.049) in a
Cox regression analysis (Table 2) using
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the fully adjusted multivariable model
containing potential confounders of
age, sex, race, BMI, HbA1c, comorbid-
ities, inflammatory markers, and corti-
costeroid therapy. The variables used in
the regression analyses were selected
according to the available literature on
COVID-19 (24,25). Thus, our data indi-
cate that patients with diabetes and an
uncontrolled hyperglycemic status had
a 54% greater risk of dying during hospi-
talization for COVID-19 compared with
patients with normoglycemia.
Our secondary outcome of need for

MV also showed a significant association
with inpatient glycemia. Patients with
hyperglycemia had a significantly higher

risk of being ventilated during hospitali-
zation (HR 4.11, 95% CI 2.58–3.56, P <

0.001). After adjustment for age, sex,
race, BMI, HbA1c, comorbidities, inflam-
matory markers, and corticosteroid ther-
apy, as shown in Table 3, patients with
diabetes and an uncontrolled hyper-
glycemic status had a 4.4-times greater
risk of receiving MV during hospitaliza-
tion for COVID-19 compared with those
with normoglycemia (HR 4.41, 95% CI
1.52–2.81, P = 0.006). Taken together,
our data indicate that optimal glyce-
mic control during hospitalization is
associated with a lower risk of severe
disease and death in patients with
COVID-19.

CONCLUSIONS

The recent pandemic of COVID-19 has
proven a reciprocal, detrimental interac-
tion between the immune and endocrine
systems in the context of diabetes, con-
firming that immune-mediated changes
in systemic metabolism upon infection
may aggravate glycemic control in pa-
tients with diabetes (26–28). Mounting
evidence indicates that diabetes or hyper-
glycemia at admission are associated with
poor prognosis in patients with sepsis
(29–31) and that COVID-19 itself can
cause stress hyperglycemia, worsening
the outcome in hospitalized patients (32).
Interestingly, in critically ill patients with
COVID-19 who had similar glucose levels

Table 1—Characteristics of study participants: total and stratified by inpatient glycemic values

Variable
Total

(n = 1,938)

Normoglycemia
(glucose #180 mg/dL)

(n = 622)

Hyperglycemia
(glucose $180 mg/dL)

(n = 1,316) P for trend

Demographic characteristics
Age (years) 68.08 ± 13.7 67.27 ± 14.71 68.46 ± 13.18 0.09
Sex
Male 963 (49.69) 291 (46.78) 672 (51.06)
Female 975 (50.31) 331 (53.22) 644 (48.94) 0.08

Race
White 195 (18.77) 76 (21.47) 119 (17.37)
Black 789 (75.94) 266 (75.14) 523 (76.35)
Other 55 (5.29) 12 (3.39) 43 (6.28) 0.06

Ethnicity
Hispanic 691 (39.64) 207 (36.77) 484 (41.02)
Not Hispanic 1,052 (60.36) 356 (63.23) 696 (58.98) 0.09

Insurance
Medicaid 827 (42.78) 260 (41.80) 260 (41.80)
Medicare 915 (47.34) 290 (46.62) 625 (47.67)
Commercial 191 (9.88) 72 (11.58) 119 (9.08) 0.23

Clinical characteristics and laboratory parameters

BMI (kg/m2) 29.92 ± 7.25 30.48 ± 0.3 29.65 ± 0.2 0.02
HbA1c (%) 7.26 ± 1.95 6.05 ± 0.76 7.85 ± 2.07 <0.001
CRP (mg/L) 10.9 (4.9–19.2) 7.6 (3.7–14.7) 12.7 (5.8–21) <0.001
D-dimer (mg/mL) 1.74 (0.89–3.34) 1.31 (0.7–2.5) 1.74 (1.01–3.62) <0.001

Comorbidities

Hypertension
No 318 (16.41) 122 (19.61) 196 (14.89)
Yes 1,620 (83.59) 500 (80.39) 1,120 (85.11) 0.009

Previous stroke
No 1,355 (79.19) 429 (80.94) 926 (78.41)
Yes 356 (20.81) 101 (19.06) 255 (21.59) 0.23

Coronary artery disease
No 1,206 (62.23) 416 (66.88) 790 (60.03)
Yes 732 (37.77) 206 (33.12) 526 (39.97) 0.004

Peripheral artery disease
No 1,757 (90.66) 594 (95.50) 1,163 (88.37)
Yes 181 (9.34) 28 (4.50) 153 (11.63) <0.001

Chronic kidney disease
No 1,305 (67.34) 452 (72.67) 853 (64.82)
Yes 633 (32.66) 170 (27.33) 463 (35.18) <0.001

Chronic obstructive pulmonary disease
No 1,493 (87.26) 451 (85.09) 1,042 (88.23)
Yes 218 (12.74) 79 (14.91) 139 (11.77) 0.07

Data are mean ± SD, n (%) or median (IQR). Laboratory results were obtained on admission to the hospital.
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at admission, those with diabetes had a
better prognosis than those without (33),
suggesting that the magnitude of acute
glycemic rise from chronic levels (rather
than the glycemic level per se) is an im-
portant and underestimated prognostic
factor. Indeed, in-hospital factors (includ-
ing interventions inducing hyperglyce-
mia, e.g., corticosteroid therapy) may
affect in-hospital mortality and need
to be further investigated.

In this study, we examined the role of
inpatient glycemic control on COVID-19
severity and prognosis in patients with
diabetes, and our main finding is that in-
patient hyperglycemia is associated with
an increased risk of in-hospital mortality
and need for MV. However, our patients
were enrolled in the study up to May
2020, months before COVID-19 vaccines
were available; thus, our results are ap-
plicable only to unvaccinated patients,
and it is unknown whether hyperglyce-
mia will have the same impact in vacci-
nated subjects. Consistent with data in
the literature (10), we observed that pa-
tients with hyperglycemia who progressed
to severe disease presented with higher

inflammatory markers (including CRP)
and coagulation abnormalities (elevated
D-dimer). Hence, inpatient hyperglyce-
mia is a strong prognostic predictor of
outcome in hospitalized patients with
COVID-19. Nonetheless, in patients with
severe pneumonia, an overactivated in-
flammatory response could drive stress
hyperglycemia and a severe disease course
(34); thus, there is a possibility that a high
blood glucose level might simply represent
a biomarker of more severe disease.
Moreover, glucose management in pa-
tients with COVID-19 is complicated by

the disease itself and by the current
standards of care; thus, the use of cor-
ticosteroids as standard treatment for
patients with COVID-19 adds more com-
plexity to optimal glycemic control in
hospitalized patients with diabetes (35–37).
Nevertheless, in our analysis, the HRs
for both primary and secondary outcomes
remained consistent and statistically
significant after rigorous adjustment,
indicating that the association was
independent of baseline confounders,
including markers of inflammation and
corticosteroid therapy.
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Figure 1—Primary (A) and secondary
(B) outcomes by inpatient glycemic values
in patients with diabetes hospitalized for
COVID-19. ***P < 0.001.

Table 2—Cox proportional hazards model assessing the effect of inpatient
hyperglycemia on mortality, adjusting for potential confounders

HR

95% CI

P for trendLower Upper

Hyperglycemia 1.54 1.00 2.36 0.049

Age 1.03 0.97 1.02 1.05

Sex 0.95 0.69 1.31 0.77

Race 0.83 0.63 1.09 0.17

BMI 0.98 0.001 0.95 1.02

HbA1c 0.97 0.38 1.04 0.786

Hypertension 0.70 0.37 1.34 0.28

Chronic kidney disease 1.23 0.93 1.62 0.14

Chronic obstructive pulmonary disease 1.54 1.08 2.19 0.02

CRP 1.03 1.01 1.04 0.001

D-dimer 0.99 0.96 1.03 0.66

Corticosteroid therapy 1.20 0.89 1.61 0.23

Table 3—Cox proportional hazards model assessing the effect of inpatient
hyperglycemia on MV, adjusting for potential confounders

HR

95% CI

P for trendLower Upper

Hyperglycemia 4.41 1.52 2.81 0.006

Age 0.99 0.97 1.01 0.238

Sex 1.54 0.94 2.53 0.09

Race 0.77 0.50 1.16 0.21

BMI 0.94 0.89 1.00 0.04

HbA1c 1.00 0.89 1.12 0.21

Hypertension 0.71 0.25 1.97 0.51

Chronic kidney disease 1.25 0.81 1.93 0.31

Chronic obstructive pulmonary disease 1.55 0.86 2.79 0.15

CRP 1.03 1.01 1.04 0.001

D-dimer 0.98 0.93 1.04 0.46

Corticosteroid therapy 1.71 1.06 2.78 0.03
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Our study has several important
strengths. First, to our knowledge, even
if this is a single-center study, it is the
largest observational study of patients
hospitalized for COVID-19 with type 1
and type 2 diabetes. Moreover, our hos-
pital has had unified COVID-19 treat-
ment protocols from the start of the
pandemic, and all patients were treated
using the same protocols, reducing the
likelihood that treatment variation is a
confounder. Nevertheless, our analysis is
not exempt from limitations, including the
retrospective single-center observational
design of the study; therefore, causality
cannot be assessed, and our results may
not be applicable to other geographic
regions of the U.S. Additionally, we fo-
cused on hospital COVID-19 cases, and
our results cannot be generalized to all
people with COVID-19 and diabetes, es-
pecially those with a less severe form of
the disease. Furthermore, this study was
conducted in the early phases of the
COVID-19 pandemic and may not ap-
ply to patients admitted now who are
treated with new management strate-
gies not available in the spring of 2020.
Finally, since only the most recent HbA1c
value was used in the analysis, it may
not wholly reflect the relationship be-
tween glycemic control and mortality.
In summary, while we cannot estab-

lish causality, our data strongly suggest
that tight glycemic control has a benefi-
cial effect on outcomes in patients with
diabetes hospitalized because of COVID-19.
Hence, in the critical care setting, insulin
infusion may be an effective method for
achieving glycemic targets and reducing
mortality and/or the need of MV in these
patients. Additional studies are needed to
better understand the interrelationship
between diabetes and COVID-19 and to
examine prospectively whether tight gly-
cemic control improves outcomes. As a
future direction, it would be useful to
understand the safety profile of recently
introduced glucose-lowering agents in
patients with symptoms of COVID-19
(38–40).
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