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Patients with prediabetes are at greater
risk of developing diabetes 5 months
postacute SARS-CoV-2 infection: a
retrospective cohort study

Alexander Y. Xu @ ;' Stephen H. Wang

ABSTRACT

Introduction Patients with prediabetes who contract
SARS-CoV-2 infection (COVID-19) could be at higher risk
of developing frank diabetes compared those who do not.
This study aims to investigate the incidence of new-onset
diabetes in patients with prediabetes after COVID-19 and if
it differs from those not infected.

Research design and methods Using electronic
medical record data, 42 877 patients with

COVID-19, 3102 were identified as having a history
of prediabetes in the Montefiore Health System,
Bronx, New York. During the same time period,
34786 individuals without COVID-19 with history of
prediabetes were identified and 9306 were propensity
matched as controls. SARS-CoV-2 infection status was
determined by a real-time PCR test between March
11, 2020 and August 17, 2022. The primary outcomes
were new-onset in-hospital diabetes mellitus (I-DM)
and new-onset persistent diabetes mellitus (P-DM) at
5 months after SARS-CoV-2 infection.

Results Compared with hospitalized patients without
COVID-19 with history of prediabetes, hospitalized
patients with COVID-19 with history of prediabetes
had a higher incidence of I-DM (21.9% vs 6.02%,
p<0.001) and of P-DM 5 months postinfection (14.75%
vs 7.51%, p<0.001). Non-hospitalized patients with
and without COVID-19 with history of prediabetes had
similar incidence of P-DM (4.15% and 4.1%, p>0.05).
Critical illness (HR 4.6 (95% CI 3.5 to 6.1), p<0.005),
in-hospital steroid treatment (HR 2.88 (95% Cl 2.2 to
3.8), p<0.005), SARS-CoV-2 infection status (HR 1.8
(95% Cl 1.4 to 2.3), p<0.005), and hemoglobin Alc
(HbA1c) (HR 1.7 (95% Cl 1.6 to 1.8), p<0.005) were
significant predictors of I-DM. I-DM (HR 23.2 (95% CI
16.1 to 33.4), p<0.005), critical illness (HR 2.4 (95%
Cl 1.6 to 3.8), p<0.005), and HbA1c (HR 1.3 (95% ClI
1.1 to 1.4), p<0.005) were significant predictors of
P-DM at follow-up.

Conclusions SARS-CoV-2 infection confers a higher
risk for developing persistent diabetes 5 months
post-COVID-19 in patients with prediabetes who were
hospitalized for COVID-19 compared with COVID-19-
negative counterparts with prediabetes. In-hospital
diabetes, critical illness, and elevated HbA1c are risk
factors for developing persistent diabetes. Patients
with prediabetes with severe COVID-19 disease may
need more diligent monitoring for developing P-DM
postacute SARS-CoV-2 infection.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Prediabetes is a known risk factor for severe
COVID-19 and poor outcomes, and COVID-19 has
been associated with newly diagnosed diabetes
among previously healthy individuals.

= It remains unknown if COVID-19 is associated with
progression to frank diabetes among patients with
prediabetes, and if the progression is persistent.

WHAT THIS STUDY ADDS

= Critical illness, hemoglobin Alc (HbA1c), steroid
therapy, and COVID-19 are associated with in-
hospital diabetes mellitus in patients with prediabe-
tes, and in-hospital diabetes mellitus, critical illness,
and HbA1c are associated with development of per-
sistent diabetes.

= Nearly 15% of patients with prediabetes with
COVID-19 had persistent diabetes at an average of
5-month follow-up.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Patients with prediabetes who experience severe
COVID-19 should be closely monitored for resolution
of stress hyperglycemia after COVID-19 and possi-
ble progression to persistent frank diabetes.

INTRODUCTION
Several commentaries, case reports, and a
few cohort studies have drawn attention to
the potential of new-onset type 2 diabetes
(T2D) in COVID-19 survivors who had no
history of diabetes or prediabetes.' * SARS-
CoV-2 viral particles could directly infect
insulin-producing B-cells in the pancreas and
subsequently impair insulin secretion.” Alter-
natively, systemic hypoxia, acute respiratory
distress, pneumonia, shock, sepsis, inflamma-
tory responses, cytokine storm, and metabolic
distress due to SARS-CoV-2 infection could
also cause insulin resistance and metabolic
decompensation.*”

It would not be surprising that individ-
uals with prediabetes are more susceptible
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of developing new-onset T2D after SARS-CoV-2 infec-
tion compared with the general population because
they have underlying medical conditions and comor-
bidities, such as chronic inflammation, obesity, meta-
bolic disorders, and hypertension, among others.® In
addition, stress of hospitalization and COVID-19 treat-
ments (eg, steroids) may confer additional risks of trig-
gering new-onset T2D. It is unknown whether patients
with COVID-19 with history of prediabetes are more
susceptible to developing new-onset T2D compared with
patients without COVID-19 with history of prediabetes.
It is also unclear whether new-onset diabetes diagnosed
during acute COVID-19 persists after resolution of the
acute infection.

The goals of this study were to evaluate: (i) the inci-
dence of new-onset diabetes among patients with
COVID-19 with pre-existing prediabetes and whether
the incidence of new-onset diabetes post-COVID-19 was
higher than patients without COVID-19 with a history
of prediabetes in the same catchment area and over
the same duration, and (ii) whether new-onset diabetes
was transient or persistent after acute COVID-19 disease
has resolved. Predictive models were used to identify
risk factors of new-onset diabetes among patients with
prediabetes.

METHODS

Data sources

Health data came from the Montefiore Health System
with 15 hospitals located in New York Metropolitan area.
Electronic medical records (EMR) were extracted as
described previously’™? using the Observational Medical
Outcomes Partnership Common Data Model.

From March 11, 2020 to August 17, 2022, there were
492 877 patients with COVID-19, identified by PCR test.
Using pre-COVID-19 pandemic data, we included
only patients with prediabetes with a hemoglobin Alc
(HbAlc) of 5.7%-6.5% prior to admission, two fasting
glucose readings of 100-125mg/dL, or a random
glucose of 140-199mg/dL prior to admission. We
excluded patients with diabetes International Classifica-
tion of Diseases 10th Revision (ICD-10) diagnosis codes,
on diabetes medications regardless of diabetes diagnosis,
with HbAlc 26.5% prior to admission, two fasting glucose
readings >126 mg/dL, or two random glucose readings of
2200mg/dL prior to admission (these criteria were used
to define diabetes mellitus (DM)). A control cohort was
selected from patients without COVID-19 with history
of prediabetes using propensity matching to generate a
ratio of 1:3 exposed-unexposed. Controls were identified
for each patient with COVID-19 matched by age, sex, and
comorbidities using a caliper width of 0.25 SD. Standard-
ized mean differences for age, sex, and comorbidities
between COVID-19-positive and matched cohorts were
<0.2 indicating adequate balance.

Clinical variables

Demographic data included age, sex, race, and ethnicity.
Pre-existing comorbidities included body mass index
(BMI), congestive heart failure (CHF), chronic kidney
disease (CKD), hypertension (HTN), chronic obstruc-
tive pulmonary disease (COPD), and asthma that were
designated by ICD-10 codes at admission or prior. Steroid
treatment, hospitalization status, intensive care unit
admission, and mortality were also extracted. Admis-
sion vital signs and laboratory data collected from hospi-
talized patients included HbAlc, blood glucose (BG),
high-density lipoprotein (HDL), low-density lipoprotein
(LDL), troponin T (TnT), N-terminal pro-B-type natri-
uretic peptide (NT-proBNP), white blood cell count
(WBC), blood urea nitrogen (BUN), creatinine (Cr),
D-dimer (DDIM), ferritin (FER), lactate dehydroge-
nase (LDH), alanine aminotransferase (ALT), lympho-
cyte count (Lymph), prothrombin time (PT), platelet
count (PLT), systolic blood pressure (SBP), temperature
(TEMP), and C reactive protein (CRP).

Overall, patients in this study returned to the health
system ~5 months after diagnosis on average. Data were
collected at admission, and follow-up data were collected
from any health system encounter, including hospitaliza-
tions and outpatient visits, at least 30 days after COVID-19
diagnosis.

Primary outcome

The primary outcomes were the incidence of new-onset
in-hospital DM (I-DM) and new-onset persistent DM
(P-DM) at follow-up. New-onset I-DM was defined using
one of the following criteria: (1) HbAlc >6.5%, (2) any
two fasting glucose measurements during hospitalization
over 126 mg/dL, or (3) any two random glucose measure-
ments during hospitalization >200 mg/dL. P-DM, or
frank diabetes, at follow-up visit was defined by (1) initi-
ation of an antihyperglycemic medication or (2) using
one HbAlc or two glucose measurements over threshold
obtained from 30 days post-COVID-19 positivity up to the
follow-up visit. We also compared outcomes over time
during the COVID-19 pandemic.

Predictive model

Multivariable Cox proportional hazard models (Python
lifelines package) were run, with predictors of I-DM
and P-DM expressed as adjusted HR and 95% CIs. For
predicting I-DM, the covariates were age, sex, invasive
mechanical ventilation (IMV), BMI, HbAlc, in-hos-
pital steroid use, and SARS-CoV-2 infection status from
both hospitalized patients with COVID-19 and without
COVID-19. For predicting P-DM, the inputs were the
same variables plus I-DM status. Univariate analysis was
used to rank the top predictors of outcome by p value for
incorporation into the final model.''

Statistical analysis
Statistical analysis was performed using Python SKlearn,
Statsmodels, and SciPy packages. Group comparison
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Figure 1

Patient selection flow chart for (A) patients with COVID-19 (COVID-19+) and (B) without COVID-19 (COVID-19-), and

(C) summary of in-hospital diabetes mellitus (I-DM) and new-onset persistent diabetes mellitus (P-DM) of patients with COVID+

and COVID-. **P<0.001 between COVID+ and COVID-.

for categorical variables used x* or Fisher’s exact tests,
and for continuous variables used the Mann-Whitney U
test. P<0.05 was considered statistically significant unless
noted otherwise. Patients missing data for variables were
excluded from those analyses.

Data and resource availability

De-identified datasets and analytic code used during
the current study are available from the corresponding
author on reasonable request.

RESULTS
Incidence of I-DM and P-DM among patients with and without
COVID-19
Figure 1A shows the patient selection flow chart for
COVID-positive cohort. Among the 42877 patients with
COVID-19, 3102 were identified as having a history of
prediabetes. Among patients with prediabetes, 1378
(44.42%) were hospitalized and 1724 (45.58%) were not
hospitalized for COVID-19. Of those who were hospi-
talized, 21.19% (n=292/1378) were diagnosed with
I-DM. Of those with I-DM, 155 returned and 61.29%
(n=95/155) were found to have P-DM. Of those without
I-DM, 718 returned and an additional 4.53% (n=33/713)
developed P-DM. Combining patients with and without
I-DM, the average of P-DM at follow-up was 14.75%
(n=128/868).

There were 1724 non-hospitalized patients with
COVID-19 with history of prediabetes, of which 939
returned; 4.15% (n=39) had P-DM at follow-up, which

was significantly lower than the hospitalized cohort
(4.15% vs 14.75%, p<0.0001).

Figure 1B shows the patient selection flow chart for the
COVID-19 cohort. Among the 34786 patients without
COVID-19 with history of prediabetes, 9306 were iden-
tified as propensity-matched controls. Of the controls,
4134 (44.42%) were hospitalized and 5172 (55.58%) were
not hospitalized. Of those hospitalized. 249 (6.02%) had
I-DM. Of those hospitalized and had I-DM, 159 returned
and 66.67% (n=106/159) had P-DM. Of those hospi-
talized and without I-DM, 2556 returned and an addi-
tional 3.83% (n=98/2556) were diagnosed with P-DM.
Combining patients with and without I-DM, the rate of
P-DM at follow-up was 7.51% (n=204,/2715). There were
5172 non-hospitalized patients without COVID-19 with
history of prediabetes with 1342 follow-up visits where
4.10% (n=b55/1342) had P-DM at follow-up, which was
significantly lower than the hospitalized cohort (4.10%
vs 7.51%, p<0.0001).

When comparing patients with and without COVID-
19, hospitalized patients with COVID-19 had a significant
higher incidence of I-DM (21.19% vs 6.02%, p<0.001)
and P-DM (14.75% vs 7.51%, p<0.001) compared with
patients without COVID-19, but non-hospitalized patients
with COVID-19 had a similar incidence of P-DM (4.15%
vs 4.10%, p>0.05) compared with patients without
COVID-19 (figure 1C).

There were no significant differences in demographics,
race, ethnicity, and major comorbidities (p>0.05)
between patients who did or did not return for follow-up
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visits (data not shown). The mean time to follow-up visit
was b months (median 3.5 months).

Baseline characteristics of patient cohorts

Table 1 shows the baseline characteristics of the COVID-
19-positive and matched COVID-19-negative cohorts
(controls), hospitalized patients, and hospitalized patients
with follow-up. Overall, the COVID-19 cohort had more
Hispanic patients, patients of ‘other’ race, and lower
BMI than controls (all p<0.01) (table 1A). There were
significant differences in most lab values (HbAlc, initial
glucose measurement, HDL, LDL, CRP, FER, LDH, BNP,
Cr, ALT, Lymph, PLT, WBC, TEMP, and BUN, all p<0.01)
between groups, and patients with COVID-19 had more
IMV (5.2% vs 0.9%, p<0.001), in-hospital mortality (5.1%
vs 0.7%, p<0.001), and in-hospital steroid use (10.9% vs
2.8%, p<0.001).

Among all hospitalized patients (table 1B), the
COVID-19 cohort had more Hispanic patients, fewer
patients of ‘other’ race, and a lower BMI (all p<0.05).
Again, there were significant differences in most lab
values, IMV (11.0% vs 2.0%, p<0.001), in-hospital
mortality (11.0% vs 1.5%, p<0.001), and in-hospital
steroid use (21.0% vs 5.7%, p<0.001) between COVID-19
and control groups.

Of all hospitalized patients with a follow-up visit (table
1C), patients with COVID-19 were older, more Hispanic,
and less of ‘other’ race than controls (all p<0.05).
Patients with COVID-19 had lower BMI, higher rates of
IMV (6.2% vs 1.7%, p<0.001), and higher rates of in-hos-
pital steroid use (20.7% vs 5.9%, p<0.001) than controls.
HbAlc, HDL, LDL, and Lymph levels during hospi-
talization were lower, while FER, LDH, and PLT levels
were higher, for patients with COVID-19 compared with
controls (all p<0.05).

Features of patients with COVID-19 with and without I-DM
Table 2 shows characteristics of patients with COVID-19
with history of prediabetes with and without I-DM during
hospitalization, hospitalized patients with and without
P-DM at follow-up, and non-hospitalized patients with
and without P-DM at follow-up.

During hospitalization, there were no significant differ-
ences in demographics and major comorbidities (except
CKD) between with and without I-DM groups (p>0.05).
Most lab values (HbAlc, glucose, HDL, CRP, FER, LDH,
BNP, Cr, DD, ALT, Lymph, WBC, TnT, BUN) were signifi-
cantly different between groups (p<0.05), but not LDL,
PLT, or PT (p>0.05). IMV (34.9% vs 4.6%, p<0.001),
steroid use (41.8% vs 19.7%, p<0.001), and mortality rate
(29.1% vs 6.1%, p<0.001) were significantly higher in the
I-DM group compared with those without I-DM.

At follow-up for the hospitalized cohorts, there were
no significant differences in demographics and major
comorbidities between with and without P-DM groups
(p>0.05). Many lab values (HbAlc, glucose, HDL, CRP,
FER, LDH, BNP, Cr, ALT, Lymph, WBC, TnT, BUN, PLT,
and PT) were significantly different between groups
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(p<0.05). IMV (22.7% vs 3.4%, p<0.001) and steroid use
(34.4% vs 22.2%, p<0.01) in the P-DM group were signifi-
cantly higher compared with those without P-DM.

At follow-up for the non-hospitalized cohort, there
were no significant differences in demographics and
major comorbidities (except HTN) between the with
and without P-DM groups (p>0.05). Only some labora-
tory values (HbAlc, glucose, LDL, CRP, Lymph, WBC,
and TnT) were significantly different between groups
(p<0.05). In-hospital steroid use was comparable between
groups (7.7% vs 5.2%, p>0.05).

Features of patients without COVID-19 with and without I-DM
Table 3 shows characteristics of patients without
COVID-19 with history of prediabetes with and without
I-DM during hospitalization, hospitalized with and
without P-DM at follow-up, and non-hospitalized patients
with and without P-DM at follow-up.

During hospitalization, patients with I-DM were older,
more male, more white, and had higher rates of CHF but
lower rates of HTN than those without I-DM (all p<0.05).
There were differences in most lab values (HbAlc,
admission glucose level, HDL, LDL, LDH, Cr, ALT, PLT,
PT, WBC, TnT, and BUN, all p<0.05) between groups.
The rates of IMV (16.9% vs 1.1%, p<0.001), in-hospital
mortality (10.4% vs 0.9%, p<0.001), and in-hospital
steroid use (23.7% vs 4.5%, p<0.001) were higher among
patients with I-DM.

Hospitalized patients with P-DM at follow-up were
more likely to be male and have CHF than those without
P-DM (p<0.05). Many lab values (HbAlc, glucose, HDL,
CRP, FER, BNP, Cr, ALT, WBC, and BUN, all p<0.05) were
different between P-DM and non P-DM groups. Hospital-
ized patients with P-DM at follow-up had higher rates of
IMV (9.3% vs 1.0%, p<0.001) and in-hospital steroid use
(13.7% vs 5.3%, p<0.01).

Non-hospitalized patients with P-DM at follow-up were
similar in demographics and comorbidities compared
with those without P-DM. Those with P-DM had higher
HbAlc, glucose, ALT, Lymph, PT, and WBC levels but
lower HDL and BUN levels than those without P-DM (all
p<0.05).

Features of hospitalized patients with I-DM and P-DM by
COVID-19 status

Table 4 shows characteristics of patients with and without
COVID-19 with I-DM during hospitalization and with
P-DM at follow-up for hospitalized and non-hospitalized
groups. Hospitalized patients with COVID-19 with I-DM
were younger, more female, had more Hispanic and
fewer white patients, more CKD compared with hospi-
talized controls with I-DM (p<0.05), had worse labora-
tory test data (FER, ALT, Lymph, WBC, TnT (p<0.05)),
higher IMV (34.9% vs 14.6%, p<0.001), steroid use
(41.8% vs 23.7%, p<0.001), and mortality rate (29.1% vs
10.4%, p<0.001) compared hospitalized patients without
COVID-19 with I-DM.
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Hospitalized patients with COVID-19who developed
P-DM were younger (p<0.01) and more of ‘other’ races
but otherwise showed no significant differences in
demographics, race, ethnicity, and major comorbidities
compared with controls with I-DM. Hospitalized patients
with COVID-19 with P-DM had worse laboratory test data
(glucose, FER, LDH, Cr, ALT, Lymph, PT, and TNT, all
p<0.05). Hospitalized patients with COVID-19 with P-DM
had higher IMV (22.7% vs 9.3%, p<0.01) and steroid
use (34.4% vs 13.7%, p<0.001) compared hospitalized
controls with P-DM.

Non-hospitalized patients with COVID-19 with P-DM
were less obese (p<0.05), had worse laboratory test values
(glucose and HDL (p<0.05)), and more steroid use (7.7%
vs 0%, p<0.001), but otherwise showed no significant
differences in demographics, race, ethnicity, and major
comorbidities compared with non-hospitalized controls
with P-DM.

Risk factors of I-DM and P-DM

Predictive models were used to identify clinical variables
that predict I-DM and P-DM (figure 2). IMV (HR 4.6
(95% CI 3.5 to 6.1), p<0.005), in-hospital steroid treat-
ment (HR 2.88 (2.2 to 3.8), p<0.005), SARS-CoV-2 infec-
tion status (HR 1.8 (1.4 to 2.3), p<0.005), and HbAlc
(HR 1.7 (1.6 to 1.8), p<0.005) were significant predictors
of I-DM.

I-DM (HR 23.2 (95% CI 16.1 to 33.4), p<0.005), IMV
(HR 2.4 (1.6 to 3.8), p<0.005), and HbAlc (HR 1.3 (1.1
to 1.4), p<0.005) were significant predictors of P-DM at
follow-up.

DISCUSSION

This study investigated the incidence of progression
from prediabetes to diabetes in patients with COVID-19
compared with patients without COVID-19. The major
findings are: (i) 21.19% of hospitalized patients with
COVID-19 with history of prediabetes developed I-DM
compared with 6.02% of non-COVID-19 propensity-
matched counterparts, (ii) of the hospitalized patients
with COVID-19 with history of prediabetes at 5-month
follow-up, 14.75% developed persistent diabetes
compared with 4.15% of the non-hospitalized counter-
parts, (iii) non-hospitalized patients with and without
COVID-19 with history of prediabetes had similar
persistent diabetes incidence (4.15% and 4.1%), (iv) crit-
ical illness (HR 4.6), in-hospital steroid treatment (HR
2.88), SARS-CoV-2 infection (HR 1.8), and HbAlc (HR
1.7) were significant risk factors for developing I-DM,
and (v) I-DM (HR 23.2), IMV (HR 2.4), and HbAlc (HR
1.3) were significant risk factors for developing persistent
diabetes.

Several commentaries, case, and cohort studies have
reported that SARS-CoV-2 infection could trigger new-
onset diabetes in COVID-19 survivors.'*™'? In particular, a
cohort study on veterans reported an association between
SARS-CoV-2 infection and persistent postacute diabetes
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in patients who survived the first 30 days of COVID-19
(March 1, 2020 and September 30, 2021)."® Guo et al
reported on the incidence trends of new-onset type 1
diabetes (T1D) and T2D in children and adolescents in
Florida before and during the COVID-19 pandemic. The
age-adjusted incidence of both T1D and T2D increased
post-19 for children and adolescents.'® However, there
have been no studies on prediabetic risk of new-onset
T2D. We extended previous studies by investigating
patients with prediabetes who were likely at greater risk,
including a longer follow-up period and identifying risk
factors, among others. Indeed, SARS-CoV-2 infection
conferred a much greater risk for developing I-DM and
P-DM in patients with prediabetes. The higher incidence
could be caused by the virus itself, steroid treatment, or
stress hyperglycemia related to hospitalization. These
and other risk factors are likely intertwined and interde-
pendent and thus we developed predictive models with
adjustment of covariates.

Predictive models identified critical illness, HbAlc,
steroid treatment and SARS-CoV-2 infection status to
be significant predictors of I-DM among all hospital-
ized patients. Patients with a critical illness, measured
by IMV as a surrogate of disease severity, were 4.6 times
more likely to develop I-DM. Steroid treatment was also
strongly associated with I-DM, consistent with the effects
of steroids on impairing insulin sensitivity and enhancing
hepatic gluconeogenesis.

It is not surprising that elevated HbAlc is associated
with higher risk of progression from prediabetes to DM,
although SARS-CoV-2 infection, IMV, and steroid treat-
ment were stronger predictors. SARS-CoV-2 infection
status was also a predictor of I-DM, with patients with
COVID-19 being 1.8 times more likely to develop I-DM
after adjusting for covariates. This is consistent with
an enhanced inflammatory response demonstrated by
elevated serum markers in patients with COVID-19 which
can impair insulin sensitivity and insulin secretion.*’
In addition, there could be beta-cell failure or direct
damage to hepatocytes due to the toxic effects of inflam-
matory cytokines.?'

Predictive models identified I-DM, critical illness, and
HbAlc, but not SARS-CoV-2 infection, to be significant
predictors of P-DM. I-DM and IMV by far are the domi-
nant risk factors suggesting that the stress burden from
critical illness may result in delayed or incomplete reso-
lution of increased insulin resistance. While SARS-CoV-2
infection was not an independent predictor of P-DM, it
does contribute to I-DM which was by far the strongest
independent predictor of P-DM.

Several reports suggest that the SARS-CoV-2 might
directly cause diabetes, either directly by destroying
insulin producing B-cells or indirectly by infecting
adipose cells which produce inflammatory adipokines
and enhance insulin resistance.” This has been observed
clinically as larger-than-expected doses of insulin are
frequently needed to manage glucose levels in hospi-
talized patients with COVID-19.** * Moreover, many
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Figure 2 Feature importance of (A) prediction of in-hospital diabetes mellitus (I-DM) with demographics, IMV, body mass
index (BMI), hemoglobin A1c (HbA1c), steroid use, and COVID-19 status from hospitalized patients with and without COVID-19
as inputs. (B) Prediction of persistent diabetes mellitus (P-DM) with the same inputs plus I-DM were used. Red colors/bold

indicate statistical significance (p<0.05).

patients with prediabetes have underlying medical condi-
tions and comorbidities® that render them susceptible to
developing new-onset T2D after SARS-CoV-2 infection
compared with the general population.

However, there have been more recent studies
suggesting that the diabetogenic effect of COVID-19 is
not as prevalent as previously reported and that stress
hyperglycemia could explain a portion of new diabetes
diagnoses."” Lockhart et al included additional adjust-
ments for disease severity and comorbidities which
normalized insulin requirements in critically ill patients
with and without COVID-19," although the study
sample size was relatively small. The lack of longitudinal
follow-up in prior studies also warrants caution in inter-
pretation. Cromer et al found that among 64 COVID-19
survivors with newly diagnosed T2D over nearly 1year of
follow-up, over 40% of COVID-19 survivors with newly
diagnosed DM showed regression to normoglycemia or
prediabetes. Although the rate of P-DM was higher in
patients with COVID-19 than patients without COVID-19
in our study, many who developed I-DM did not have
P-DM at follow-up. This suggests that beta-cells had not
been permanently injured, but instead that transient
mechanisms associated with inflammatory responses
resulted in stress hyperglycemia which can resolve in the
many patients after acute SARS-CoV-2 infection. Further-
more, rates of P-DM were similar at follow-up between
non-hospitalized patients with COVID-19 and patients
without COVID-19. This suggests that mild COVID-19
does not cause sufficient inflammatory and metabolic
burden to result in increased progression from predia-
betes to DM.

Limitations

There are several limitations to our analysis. Patients
who did not return to our health system could not be
studied. There may be a selection bias towards patients
established in our health system with regular follow-up

visits and lab measurements. However, based on our find-
ings, we would suspect that patients new to the health
system or who do not receive routine medical care are
actually at greater risk of developing frank diabetes
following COVID-19 due to lack of regular health main-
tenance and would benefit more from close monitoring.
We followed patients for ~5 months after diagnosis, but a
longer follow-up study is needed. We did not determine
the type of diabetes in patients with P-DM to ascertain if
there was pancreatic islet injury leading to development
of T1D as these data were not available. We only included
patients with confirmed prediabetes status based on
HbAlc and glucose, but it is possible some patients could
have been misclassified due to underdiagnosis or inaccu-
rate EMR coding. It is also possible that there are diabe-
togenic effects of non-diabetes medications contributing
towards the rates of P-DM observed at follow-up that were
not fully accounted for, as the matching process included
select comorbidities and did not consider active patient
medication lists. There may be additional confounders
that were not accounted for in our analyses. Our data-
base was limited to patient data from within our health
system and did not contain information from other
health systems. Thus, some data, such as smoking status,
vaccination status, or illness duration, were not available
and not included in our models.

CONCLUSIONS

Hospitalized, but not non-hospitalized, patients with
COVID-19 with history of prediabetes have a markedly
higher risk for developing I-DM and P-DM after SARS-
CoV-2 infection compared with COVID-19-negative
counterparts. Critical illness, steroid treatment, HbAlc,
and SARS-CoV-2 infection are independent risk factors
for developing I-DM. I-DM, critical illness, and HbAlc
are independent risk factors for developing P-DM.
Patients with prediabetes with severe COVID-19 disease
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may require diligent monitoring for resolution of stress
hyperglycemia and possible progression to persistent
frank diabetes.
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