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ABSTRACT

Introduction Previous studies have shown disruption of
glycometabolic control and new diabetes mellitus (DM)
diagnosis among patients with COVID-19. It is still unclear
how the association of COVID-19 and new-onset DM may
be modified by disease severity or vary over time, during
acute and post-acute phases.

Research design and methods In this retrospective
matched cohort study, 157 936 patients with COVID-19
(aged >25years, diagnosis date between March 01, 2020
and August 31, 2021) were compared with individuals
without COVID-19, separately for non-hospitalized,
hospitalized, and severe hospitalized patients. Stratified
Cox proportional hazards models, with changing baseline
time (starting at the date of COVID-19 diagnosis, and at 1,
2, 3, and 4 months afterwards), were used to evaluate the
occurrence of new DM in relation to COVID-19 infection in
different time frames—from each landmark date until end
of study.

Results During mean follow-up time of 10.9 months,
there were 1145 (0.72%) new diagnoses of DM compared
with 1013 (0.64%) in the individuals without COVID-19
(p=0.004). Non-hospitalized patients with COVID-19 were
not at higher risk of new DM neither during the acute
phase nor afterward. Hospitalized patients with COVID-19
had a higher risk of developing DM, with the highest risk
among severe hospitalized patients. This risk among
hospitalized patients was highest in the acute phase (HR
2.47 (95% Cl 1.86 to 3.29)), attenuated over time, but
remained significant at 4-month landmark analysis (HR
1.60 (95% Cl 1.12 to 2.29)).

Conclusions Acute and post-acute COVID-19 were
associated with new DM only among hospitalized patients,
with the highest risk among those hospitalized with severe
disease. Those patients should be followed and monitored
post-discharge for new DM. Patients who were not
hospitalized did not have higher risk of new-onset DM.

INTRODUCTION

Diabetes mellitus (DM) is recognized as a
common comorbidity of COVID-19 and is a
risk factor for greater severity of the infection
and additional complications."™ Alteration
in the glycemic balance and appearance of
new-onset DM in patients with COVID-19

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Previous studies have shown disruption of gly-
cometabolic control and new diabetes mellitus (DM)
diagnosis among patients with COVID-19, mostly
among hospitalized patients during the acute phase
of the disease.

= Few studies have demonstrated an excess risk of
new DM also among non-hospitalized patients but
assessed the association of COVID-19 with new DM
in the context of long COVID-19, among old men, or
compared with individuals with acute upper respi-
ratory tract infections. More studies are needed on
incidence of DM among patients with COVID-19 with
mild illness managed in the community, as well as
on the association of COVID-19 with DM incidence
in different time frames in relation to COVID-19
diagnosis.

WHAT THIS STUDY ADDS

= Compared with individuals without COVID-19, non-
hospitalized patients were not at higher of new DM.

= Hospitalized patients had a higher risk of new DM
during the acute and post-acute phase, with the
highest risk among severe hospitalized patients.

= This risk among hospitalized patients was highest in
the acute phase, attenuated over time, but remained
significant during the post-acute period.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Patients who were hospitalized due to COVID-19
should be followed and monitored for new DM.

have been reported.” ® Suggestive mech-
anisms have been described,7_14 focused
mainly on short-term early clinical implica-
tions during acute infection. Previous studies
have predominantly focused on disruption
of glycometabolic control and new DM diag-
nosis among hospitalized patients."”** There
are limited data on patients with milder illness
managed in the community.”” ** In addition,
it is unclear whether the excess risk for new
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DM changes over time after the period of acute infection
has resolved. The objective of this study was to evaluate
the time-varying association between COVID-19 infection
and the risk of developing new DM as compared with
matched individuals who were not infected by COVID-
19, stratified by the severity of the disease. Specifically,
this study aimed to assess the association of COVID-19
infection with new-onset DM at five ‘landmark’ times
(date of COVID-19 diagnosis, and 1, 2, 3, and 4 months
after diagnosis) separately for non-hospitalized patients,
hospitalized individuals, and those hospitalized with
severe COVID-19.

METHODS

Study setting

Clalit Health Services (Clalit) is the largest healthcare
organization (insurer and provider) in Israel where
health insurance is universal and mandatory for all citi-
zens. Clalit provides primary, secondary, and tertiary care
to 4.8million individuals (52% of the population) and
owns and operates a network of hospitals which account
for 30% of all general hospital beds in the country. Clal-
it’s information systems are fully digitized and feed into
a central data warehouse including both administrative
and clinical data.

Study design

This retrospective, population-based cohort study
included all Clalit members who were diagnosed with
COVID-19 between March 01, 2020 and August 31,
2021 and matched individuals who were not infected by
COVID-19. The date of COVID-19 diagnosis was consid-
ered as the index date. Baseline variables including socio-
demographic clinical and treatment characteristics were
defined based on the most recently available data prior
to index date.

Five landmark times were defined, at index date (TO)
and at 1 (T1), 2 (T2), 3 (T3), and 4 (T4) months post-
index date. At each landmark date, individuals with
COVID-19 and their matched controls were followed
until an occurrence of one of the following events:
new documentation of DM, occurrence of COVID-19,
pregnancy, corticosteroid use in the outpatient setting,

disruption in Clalit membership, all-cause mortality or
end of study (December 31, 2021). This landmark design
enabled to assess the association of COVID-19 with inci-
dent DM during the acute and the post-acute phase in
varying time frames, as well as to reduce the possibility of
reverse causality and surveillance bias (figure 1).

Study population

All Clalit members aged >25 years with documented
positive PCR test for COVID-19 during March 01,
2020-August 31, 2021 and with continuous member-
ship at Clalit during the 2years prior to the index
date were included in the study. The minimum inclu-
sion age of 25 years was determined to avoid a lack of
data during the period of mandatory service in the
Israel Defense Forces. For each individual diagnosed
with COVID-19, one individual who was not infected
by COVID-19 (before index date) was matched based
on age group (stratified by 5-year intervals), sex and
primary care clinic/neighborhood characteristic
which represents different ethnic and religious groups
in Israel (Arabs, Orthodox Jewish, traditional/secular
Jewish). Matching for primary care clinic/neighbor-
hood characteristics was performed due to statistically
significant differences in DM?*” # and COVID-19%
incidence between the varied communities living in
different neighborhoods in Israel. Individuals were
excluded if they met one or more of the following
criteria: documentation of DM before the index date;
positive antibody test for COVID-19 during the study
period without prior vaccination or positive PCR test
(to remove individuals for whom there was probably
an undocumented COVID-19 event); pregnancy at
index date; corticosteroid use during the 3 months
prior to index date (based on Anatomical Thera-
peutic Chemical (ATC) code HO02, at least one filled
prescription in the outpatient setting); long-term care
facility housing (home nursing or psychiatric geriatric
or rehabilitative hospital); and home confinement
for medical reasons. The last two exclusion criteria
were set due to absence of continuous medical
reporting on the long-term care facility residents, and
accordingly, substantial missing information in Clalit

v
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Follow up period - New-onset diabetes mellitus

vVVYY

| 2 years prior index date
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Index date

March 01 2020 - August 31 20212
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1-month  2-months
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date date

Figure 1
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Study design. ?Personal index date was defined for each participant based on date diagnosis of COVID-19, with a

maximum potential follow-up period of 22 months (from March 01, 2020 to December 31, 2021).
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Figure 2: Selection of the study population

269,586 Patients assessed for eligibility: aged225 y, with documentation
of a COVID-19 diagnosis between March 01, 2020 and February 28,

2021 with conti
to index date

nuous membership in Clalit during the 2 years prior

67,559 Excluded
58,975 T2DM associated criteria prior to COVID-19 diagnosis date.
14,967 Exposure to steroids during the 3 months prior to COVID-19
diagnosis date.

4 1,865 Positive antibody test for COVID-19 prior to index date without
prior vaccination

3,631 Pregnancy at COVID-19 diagnosis test date.

22,675 Long-term care facility resident

8,314 Confined to home for medical reasons

202,027 Potentially eligible COVID-19 patients

27 Excluded - No matches (based on age, gender, and sector)

v

44,064 Previously selected as match prior COVID-19 diagnosis date

(Included in the analysis as non-COVID-19 individuals)*

157,936 COVID-19 positive
157,936 Matched non-covid-19 patients

Total: 315,872 individuals were included at index date (T0)

[——— 7,710 pairs (15,420 individuals) were censored before T1.

150,226 pairs (300,452 individuals) achieved the 1-month landmark date ‘

146,823 pairs (293,646 individuals) achieved the 2-months landmark date ‘

—— > 3,403 pairs (6,806 individuals) were censored before T2.

———» 3,083 pairs (6,166 individuals) were censored before T3.

143,740 pairs (287,480 individuals) achieved the 3-months landmark date ‘

———» 2,758 pairs (5,516 individuals) were censored before T4.

v

140,982 pairs (281,964 individuals) achieved the 4-months landmark date ‘

* Those individuals and their matched pair were included in the analysis but were censored at the time of their COVID-19 diagnosis.

Figure 2 Selection of study population. *Those individuals and their matched pair were included in the analysis but were
censored at the time of their COVID-19 diagnosis. T2DM, type 2 diabetes mellitus.

data warehouse related to this subpopulation. Non-
COVID-19 matches met the same inclusion and exclu-
sion criteria as the patients with COVID-19 except
the positive PCR test at index date. Potential matches
were selected irrespective of their future COVID-19
status; therefore, there were patients in the matched
non-COVID-19 group who were diagnosed with
COVID-19 during the follow-up period time. Those
individuals and their matched pair were censored at
the time of their COVID-19 diagnosis. Patients with
COVID-19 for whom suitable matches were not found
were excluded from the analysis (figure 2). To eval-
uate whether the association of COVID-19 with new-
onset DM varies by disease severity, three subgroups
were defined including non-hospitalized patients,

hospitalized patients, and those hospitalized with
severe COVID-19.

Baseline measurements

Incident COVID-19 was assessed based on documenta-
tion of a positive PCR test for SARS-CoV-2 in the hospitals
or community laboratory records. Information regarding
laboratory-confirmed COVID-19 infections was also
received from the Israeli Ministry of Health which estab-
lished and maintains a national database with mandatory
daily reporting of PCR results and disease status from all
hospitals in Israel. Three levels of COVID-19 severity were
defined including not hospitalized, hospitalized, and
severe hospitalized individuals (SpO, <94% on room air
at sea level, a ratio of arterial partial pressure of oxygen
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to fraction of inspired oxygen <300 mm Hg, a respiratory
rate >30 breaths/min, or lung infiltrates >50%).30_33 DM
as of index date was determined based on documenta-
tion of one or more of the following criteria in hospi-
tals or community records: International Classification
of Diseases Ninth Revision (ICD-9) code 250xx, HbAlc
26.5%, and glucose-lowering medication use (ATC clas-
sification system code Al0O), defined as >1 dispensed
prescription any time prior to index date. Individuals
with documented fasting glucose levels of >126 mg/dL
in the community records only and individuals listed
with DM in the Clalit chronic disease registry were also
considered as patients with DM at index date. The demo-
graphic variables assessed at the index date included
age, sex, primary care clinic location (according to the
main ethnic and religious group living in the clinic area),
and socioeconomic status (low, medium, or high based
on the primary care clinic level). Smoking status (non-
smoker, former, or current) was evaluated based on last
documentation in the community records as reported by
the patient. Body mass index (BMI) (kg/m?), systolic and
diastolic blood pressures (mm Hg), and laboratory data
were gathered from the community clinic records based
on last documented level prior to index date. Labora-
tory data included fasting plasma glucose concentration
(mg/dL), HbAlc concentration (%), total cholesterol
(mg/dL), high-density lipoprotein (HDL) cholesterol
(mg/dL), low-density lipoprotein (LDL) cholesterol
(mg/dL), and triglycerides (mg/dL). Medical diag-
noses were defined based on ICD-9 codes documented
in the hospital or the community clinic records anytime
prior to the index date (online supplemental etable 1)
and included pre-diabetes, hypertension, cardiovascular
disease (CVD), congestive heart failure, hyperlipidemia,
chronic kidney disease, and polycystic ovary syndrome
(PCOS) /polycystic ovarian disease. CVD was defined by
having one or more of the following diagnoses: myocar-
dial infarction, unstable angina pectoris, stable angina
pectoris, ischemic heart disease, ischemic stroke (cere-
brovascular accident), coronary artery bypass graft, and
percutaneous transluminal coronary angioplasty. Phar-
maceutical treatment was defined according to the ATC
classification system based on at least one filled prescrip-
tion during the 2years prior to index date. Medications
included beta-blocking agents (ATC code C07), calcium
channel blockers (ATC code C08), agents acting on the
renin-angiotensin system (RAS) (ATC code C09), and
lipid-modifying agents (ATC code C10).

Primary outcome

New diagnosis of DM (yes/no) during the follow-up
period was defined based on fulfillment of one of the
following criteria: (a) new documentation of DM diag-
nosis—ICD-9 code 250xx in hospitals and commu-
nity records; (b) HbAlc 26.5% based on hospital and
community records; (c) at least two documentations of
fasting glucose levels of 126 mg/dL or higher based on
community records only; and (d) dispensed prescription

of glucose-lowering medication (ATC code Al0) based
on hospital and community records. Since metformin or
liraglutide is also used for treating conditions other than
diabetes, individuals who started only those medications
during the follow-up period without any other criteria
were not considered as new DM cases. The earliest of
these criteria was defined as the date of diagnosis.

Statistical analysis

Main characteristics are presented for COVID-19 and non-
COVID-19 as means with SDs or medians with IQRs for
quantitative variables that were normally or non-normally
distributed, respectively. Categorical variables are
presented by percentages. The association of COVID-19
with DM was evaluated by Kaplan-Meier non-parametric
method and the log-rank test was used to compare the
survival curves of COVID-19 and non-COVID-19 groups.
HR and 95% CI for the association between COVID-19
and occurrence of new DM were assessed by stratified
Cox proportional hazards model using 1:1 matched pair.
Models were adjusted for age (years), socioeconomic
status, pre-diabetes diagnosis of hypertension, diagnosis
of dyslipidemia, diagnosis of PCOS, smoking status, BMI
(kg/m?), glucose concentration (mg/dL), LDL choles-
terol (mg/dL), HDL cholesterol (mg/dL), triglycerides
(mg/dL), and lipid-modifying agents. To assess the
possibility of period effect due to change in the therapy
and severity of the infection over time, the follow-up
was divided into three periods (January 20-August 31,
2020, September 01, 2020-March 31, 2021, and April 01,
2021-August 31, 2021), and the significance of the main
effect of the period and the interaction periodxCOVID-19
were evaluated. To evaluate the possibility of surveil-
lance bias,* that is, capturing diagnosis of diabetes more
in patients with COVID-19 than among non-COVID-19
matches, the percentage of individuals who had any inter-
action with the primary care clinics (that is, virtual visits,
in-person visits, and blood glucose tests) was measured
and compared between the two groups.

Individuals were censored from the analysis based on
new diagnosis of DM, all-cause mortality, disruption in
Clalit membership, COVID-19 diagnosis among controls,
pregnancy, corticosteroid use in the outpatient setting, or
end of study (December 31, 2021), whichever came first.
The association of COVID-19 with DM was also evaluated
for each of the COVID-19 severity groups. Five landmark
models® were performed including baseline and 1, 2, 3
and 4 months after COVID-19 diagnosis, evaluating the
occurrence of new DM in different time frames in rela-
tion to COVID-19 infection with continued follow-up
until the end of the study (December 31, 2021). Analyses
atlandmark 1, 2, 3 and 4 excluded patients with DM diag-
nosed from index date until the landmark date. Finally,
five HRs were calculated, each of them representing the
average HR for the specified period (from landmark date
until the end of the study), and a time-varying associa-
tion was assessed based on changes between these HRs.
All statistical analyses were performed using R Statistical
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Table 1 Baseline characteristics of COVID-19-positive patients and matched controls without COVID-19*

Controls without COVID-19 Patients with COVID-19

n=157936

n=157936

Sex
Male n (%) 74211 (47.00) 74211 (47.00)
Female n (%) 83725 (53.01) 83725 (53.01)
Age
Years Mean (SD) 43 (14.11) 43 (14.12)
Group 25-<40 76471 (48.40) 76471 (48.40)
40-<60 59426 (37.60) 59426 (37.60)
>60 22039 (14.00) 22039 (14.00)
Population group (based on primary care clinic)

Arab n (%) 12299 (7.79) 12299 (7.79)

Jewish Orthodox n (%) 38710 (24.51) 38710 (24.51)

Traditional/secular Jewish n (%) 106250 (67.27) 106250 (67.27)

Missing n (%) 677 (0.43) 677 (0.43)

SES

Low n (%) 67830 (42.90) 71062 (45.00)

Medium n (%) 56846 (36.00) 59018 (37.40)

High n (%) 31921 (20.20) 26091 (16.50)

Missing n (%) 1338 (0.80) 1765 (1.10)

COVID-19 severity

Not hospitalized Not applicable 150875 (95.50)

Hospitalized n (%) Not applicable 6722 (4.26)

Hospitalized with severe disease n (%) Not applicable 1568 (1.00)

Missing n (%) Not applicable 339 (0.20)

Body mass index (BMI)

Level Mean (SD) 27.04 (10.67) 26.19 (15.51)
<25 n (%) 66965 (42.40) 58183 (36.84)
25-<30 n (%) 51662 (32.71) 53268 (33.73)
30-<35 n (%) 23339 (14.78) 29167 (18.47)
35-<40 n (%) 9332 (5.91) 10187 (6.45)
40-<45 n (%) 2688 (1.70) 4084 (2.59)
45-<50 n (%) 814 (0.52) 728 (0.46)
>50 n (%) 541 (0.34) 638 (0.40)
Missing n (%) 2595 (1.64) 1681 (1.06)

Smoking status

Non-smoker n (%) 82023 (51.93) 89273 (56.52)

Former n (%) 26301 (16.65) 26312 (16.66)

Current n (%) 47872 (30.31) 41157 (26.06)

Missing n (%) 1740 (1.10) 1194 (0.76)

Fasting plasma glucose (mg/dL)
Level Mean (SD) 89.97 (10.77) 89.96 (10.31)
Median (IQR) 89 (83-96) 89 (83-96)
Total cholesterol (mg/dL)
Level Mean (SD) 178.50 (37.48) 176.67 (36.48)
Median (IQR) 175 (152-201) 174 (151-199)
Continued
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Table 1 Continued

Controls without COVID-19 Patients with COVID-19

n=157936

n=157936

HDL cholesterol (mg/dL)

Level Mean (SD)
Median (IQR)
LDL cholesterol (mg/dL)
Level Mean (SD)
Median (IQR)
Triglycerides (mg/dL)
Level Mean (SD)
Median (IQR)
Systolic blood pressure (mm Hg)
Level Mean (SD)
Median (IQR)
Diastolic blood pressure (mm Hg)
Level Mean (SD)
Median (IQR)
Diagnosis of comorbidities
Pre-diabetes n (%)
Hypertension n (%)
IHD n (%)
Congestive heart failure n (%)
Hyperlipidemia n (%)
CKD n (%)
PCOS/PCOD n (%)
Pharmaceutical treatment
Beta-blocking agents n (%)
Calcium channel blockers n (%)
Agents acting on the renin-angiotensin system n (%)
Lipid-modifying agents n (%)

50.69 (13.07)
49 (41-58)

105.59 (30.77)
103 (84-124)

113.06 (71.07)
95 (69-136)

117.78 (17.54)
118 (110-125)

72.11 (10.52)
70 (66-80)

9631 (6.1)
17593 (11.1)
3868 (2.4)
1185 (0.8)
30382 (19.2)
2108 (1.3)
3185 (2.0)

7731 (4.9)
4803 (3.0)
12046 (7.6)
18507 (11.7)

49.82 (12.47)
48 (41-57)

104.63 (29.97)
102 (83-123)

112.88 (69.41)
96 (69-137)

117.27 (13.95)
118 (110-125)

71.89 (10.40)
70 (66-80)

10304 (6.5)
16828 (10.7)
3904 (2.5)
1128 (0.7)
29550 (18.7)
2077 (1.3)
3011 (1.9)

7238 (4.6)
4600 (2.9)
11565 (7.3)
17542 (11.1)

*The following data were missing at index date for patients with COVID-19 and for controls without COVID-19, respectively: SES: 1765 and
1338, BMI: 1681 and 2595, smoking status: 1194 and 1740, glucose concentration: 5867 and 8137, HDL cholesterol: 9086 and 12410, LDL

cholesterol: 9483 and 12892, triglycerides: 8261 and 11520, and COVID-19 severity: 678 and 0.

1The following ATC codes were used for pharmaceutical treatment: beta-blocking agents (ATC code C07), calcium channel blockers (ATC
code C08), agents acting on the renin—angiotensin system (ATC code C09), and lipid-modifying agents (ATC code C10).

ATC, Anatomical Therapeutic Chemical; CKD, chronic kidney disease; HDL, high-density lipoprotein; IHD, ischemic heart disease; LDL, low-
density lipoprotein; PCOD, polycystic ovarian disease; PCOS, polycystic ovary syndrome; SES, socioeconomic status.

Software V.4.1.1. R package MICE V.3.13™ was used to
impute missing baseline characteristics of the study
population.

RESULTS

Between March 01, 2020 and August 31, 2021, there were
269586 individuals aged =25 years with documentation
of a COVID-19 diagnosis and with continuous member-
ship in Clalit during the 2years prior to diagnosis
date. Of these, 67559 were excluded due to type 2 DM
(T2DM)-associated criteria prior to index date, exposure

to corticosteroids during the 3 months prior to index
date, positive antibody test for COVID-19 prior to index
date without prior vaccination, pregnancy at COVID-19
diagnosis test date, long-term care facility resident, or
confined to home for medical reasons. Also excluded
were another 27 individuals who did not meet the
matching requirement of age, gender, and sector. Addi-
tionally, 44 064 patients with COVID-19 were selected as
non-COVID-19 matches prior to their diagnosis date and
were censored at the time of later COVID-19 diagnosis.
The final study population consisted of 157936 pairs

6
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Figure 3. Kaplan-Meier estimated new-onset diabetes mellitus for COVID-19 positive patients and matched non-COVID-19 individuals
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Figure 3 Kaplan-Meier estimated new-onset diabetes mellitus for COVID-19-positive patients and matched individuals

without COVID-19.

at index date, 150226 pairs at 1-month landmark date,
146 823 pairs at 2-month landmark date, 143 740 pairs at
3-month landmark date, and 140982 pairs at 4-month
landmark date. The interaction with the primary health-
care system during the follow-up period was higher
among patients with COVID-19 (98.2%) compared with
controls without COVID-19 (57.5%). This difference
reduced throughout the landmark times with 31.0%
and 26.4% among patients with COVID-19 and controls
without COVID-19, respectively.

Main characteristics of the study population and
amount of missing data for each variable at index date
(<10% missingness in total) are described in table 1.

During a mean follow-up period of 10.9 months, there
were 1145 (0.72%) and 1013 (0.64%) new cases of DM
among the patients with COVID-19 and the controls
without COVID-19, respectively.

Kaplan-Meier non-parametric models demonstrated
differences in the survival distribution between patients
with COVID-19 and controls without COVID-19 among
the entire population as well as among hospitalized and
severe hospitalized patients with COVID-19 (P,
<0.001 for all analyses). No difference in the survival
distribution was found among non-hospitalized patients

and their controls without COVID-19 (P
(figure 3).

Figure 4 shows the association of COVID-19 with new-
onset DM by using stratified Cox proportional hazards
models. Unadjusted and adjusted (online supple-
mental etable 2 and figure 4) models starting at index
date demonstrated a statistically significant association
between COVID-19 and the risk of developing new
DM as compared with matched individuals who were
not infected by COVID-19 (unadjusted HR 1.16 (95%
CI 1.07 to 1.27), adjusted HR 1.19 (1.09 to 1.29)). The
adjusted association was attenuated when 1-month land-
mark analysis was applied (adjusted HR 1.12 (95% CI
1.02 to 1.23)) and preserved throughout the subsequent
landmark models. When stratified by COVID-19 severity,
no association was demonstrated for non-hospitalized
patients neither at index date nor after the acute phase.
Among hospitalized individuals, adjusted hazards
models starting at index date demonstrated statistically
significant associations between COVID-19 status and
incidence of DM with higher risk among patients with
COVID-19 compared with controls without COVID-19
(HR 2.47 (95% CI 1.86 to 3.29)). The highest risk of new-
onset DM at index date was demonstrated among severe

=0.2)

log-rank test
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Figure 4: Time-varying Association of COVID-19 with new-onset diabetes mellitus

Population Model starting date | Total | Non-COVID-19 individuals| COVID-19 individuals Adjusted Hazard ratio (95% Cl) for new-onset DM
Follow-up Events Events |Follow-up Events Events a
Landmark time N PY n 1000 PY PY n 1000 PY COVID-18 / Non-COVID-19
Al TO (Index date) 315,872 | 143264 1,013 TA| 139.408 1,145 8.2 [ 1.19(1.09 - 1.29)
T 300,452 | 127.0H1 914 7.2] 123,913 979 T9 1.12(1.03-1.23)
T2 293,646 [ 113,221 832 7.3] 110.709 874 79 ke 1.11(1.01-1.21)
T3 287,480 99.821 738 74| 97942 799 82 1.13 (1.02 - 1.24)
T4 281,964 87,022 672 77| 85533 721 84|  bed 111 (1.01-1.23)
Non-hospitalized TO (Index date) 301,750 | 135995 940 6.9] 133.642 977 7.3 4 1.08 (0.99 - 1.18)
™ 295,607 123,739 875 7| 121,362 894 74| el 1.06 (0.97 - 1.17)
T2 292,279 111,689 806 7.2| 109.259 816 TE bed 1.05 (0.96 - 1.16)
T3 289,188 997,734 726 07 97.312 758 T8 ke 1.09 (0.98 - 1.21)
T4 286,343 87880 663 7.5 85512 687 8.0 red 1.08 (0.97 - 1.20)
Hospitalized TO (Index date) 13,444 6.980 70 10,00 5552 161 29.0 (s i ] 247 (1.86-329)
m™ 11,954 6.434 65 101 5,068 105 20.7] g 1.85(1.36-2.53)
T2 11,669 5.895 58 98] 4638 86 185 ————— 1.73(1.24-243)
T3 11,518 5.362 56 104 4297 81 19.2 i 1.68 (1.19-2.37)
T4 11,401 4,834 53 1.0 3,803 73 19.2 = 1.60 (1.12-2.29)
Severe hospitalized TO (Index date) 3,136 1.604 20 12.5 927 46 49.6 k 1 333(1.94-572)
T 2,466 1477 18 122 829 24 29.0 218 (1.16 - 4.09)
T2 2,366 1.351 16 1.8 757 19 251 2.02(1.02-399)
T3 2,309 1.227 15 122 689 17 24.7] 1.95(0.95 - 3.97)
T4 2,276 1.105 14 12.7) 622 14 225 F 1.80 (0.84 - 3.88)
1 2 3 4 5

a Variables included: DM (n/y) (dependent variable), Age (years), socio-economic status (low, medium, high), pre-diabetes (n/y: diagnosis of pre diabetes
or glucose concentration between 100 to 125 mg/dL or HbAlc between 5.7 to 6.4), diagnosis of hypertension (n/y), diagnosis of dyslipidemia (n/y),
diagnosis of polycystic ovary syndrome (n/y), smoking status (current, former/never), BMI (kg/m?), glucose concentration (mg/ dL), LDL cholesterol
(mg/dL), HDL cholesterol (mg/dL), triglycerides (mg/dL), and Lipid modifying agents (n/y).

Figure 4 Time-varying association of COVID-19 with new-onset diabetes mellitus (DM). #Variables included: DM (no/yes)
(dependent variable), age (years), socioeconomic status (low, medium, high), pre-diabetes (no/yes: diagnosis of pre-diabetes
or glucose concentration between 100 and 125 mg/dL or HbA1c between 5.7 and 6.4), diagnosis of hypertension (no/yes),
diagnosis of dyslipidemia (no/yes), diagnosis of polycystic ovary syndrome (no/yes), smoking status (current, former/never),
BMI (kg/m?), glucose concentration (mg/ dL), LDL cholesterol (mg/dL), HDL cholesterol (mg/dL), triglycerides (mg/dL), and
lipid-modifying agents (no/yes). BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PY, person-

years.

hospitalized patients (HR 3.33 (95% CI 1.94 to 5.72)).
When landmark models were applied, the excess risk
among hospitalized patients with COVID-19 compared
with controls without COVID-19 was still manifested but
attenuated over time (HR ,, 1.85 (95% CI: 1.36 to 2.53);
HR ,, 1.73 (95% CI 1.24 to 2.43); HR, . 1.68 (95% CI
1.19 to 2.37); and HR ,, 1.60 (95% CI 1.12 to 2.29)).
Similarly, the excess risk among severe hospitalized indi-
viduals with COVID-19 compared with controls without
COVID-19 decreased throughout the landmark models
with no statistically significant association 3 months after
diagnosis up to the end of study (HR , 2.18 (95% CI:
1.16 to 4.10); HR,, 2.02 (95% CI 1.02 to 4.00); HR .
1.95 (95% CI 0.95 to 3.97); and HR,, 1.80 (95% CI
0.88 to 3.88)). No statistically significant difference was
observed for the main effect of period (p=0.56) and for
the interaction effect of periodxCOVID-19 (p=0.28).

DISCUSSION

In this retrospective, population-based cohort study, non-
hospitalized patients with COVID-19 were not at higher
risk of new DM either at the acute phase nor afterward
compared with matching patients without COVID-19.
Patients who were hospitalized due to COVID-19 had
a higher risk of developing new DM compared with
matching controls without COVID-19. This association
was higher in the acute phase and attenuated over time.

A statistically significant association was still observed
among hospitalized patients with COVID-19 when
4-month landmark analysis was applied, suggesting excess
risk for new DM among hospitalized patients during the
post-acute phase. The association at the acute and the
post-acute phases varied by disease severity with highest
risks among individuals hospitalized with severe illness.
The observed association of COVID-19 with new DM
during the acute phase may reflect the potential effect of
SARS-CoV-2 on DM incidence. Several theories for this
association between COVID-19 and hyperglycemia were
described implicating mainly the effects of COVID-19 on
ACEZ2 receptor in the different parts of the pancreas, the
cytolytic effects on pancreatic beta-cells, and activation of
the RAS. The transdifferentiating effect of beta-cell and
increasing glucagon as an explanation for the increase
in glucose level was also suggested.” ®'* These theories
relate mainly to the immediate effect of the SARS-CoV-2
suggesting mechanisms for new DM during the acute
phase. Other explanations should also be considered.'”
These include reverse causality, misdiagnosis of DM due
to acute illness-hyperglycemia® or misdiagnosis of DM
due to use of corticosteroids during the acute phase
among hospitalized patients.” Using landmark analysis at
different baseline times after the acute phase enabled us
to relate the observed excess risk of DM to the exposure
to COVID-19 more than to acute illness-hyperglycemia or
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use of corticosteroids during the acute phase, as well as to
reduce the possibility of reverse causality.

Similar to previous studies,” * **¥ % the present study
demonstrated a greater risk of new DM also in the post-
acute periods among hospitalized patients, with higher
risk in those with greater COVID-19 severity. However,
in contrast to previous studies,” * this study demon-
strated no excess risk for new DM among 150875 non-
hospitalized patients with COVID-19. Moreover, by using
several baseline times, this study demonstrated that
the excess risk of DM among hospitalized patients was
persistent but attenuated over time. The different find-
ings among non-hospitalized patients may be related to
differences in research methods and populations. Specif-
ically, some previous studies assessed the association of
COVID-19 with new DM in the context of long COVID-
19.22 2 ¥ 40 A study on US veterans included mostly
white men with mean age of 61 years.”® A recent study
on German individuals compared between patients with
COVID-19 and individuals with acute upper respiratory
tract infections.”” By using the integrated healthcare
system’s electronic data warehouse of the largest health-
care organization in Israel, we were able to study a multi-
ethnic large population, consisted of men and women
with mean age of 43 years, and to follow them over the
post-acute phase while focusing on incident DM as the
main and sole outcome. Socioeconomic factors imposed
by COVID-19 were considered in the analysis.

There are several limitations to this study. First is the
observational nature of a retrospective study with a limited
ability to ascribe a causal relationship. Second, increased
interaction with the healthcare system for patients with
COVID-19 may relate to increased opportunities to make
a DM diagnosis. As expected, higher frequency of visits
and blood glucose tests in the primary care clinics was
observed among patients with COVID-19 compared with
controls without COVID-19 during the follow-up period
(98.2% and 57.5%, respectively). We partially addressed
this potential surveillance bias by using 4-month land-
mark analysis, and diminished the difference in frequency
of interaction with the healthcare system among patients
with COVID-19 and non-COVID-19 matches (31.0% and
26.4%, respectively). Third, since the study was based on
data retrospectively collected from the healthcare orga-
nization, the diagnosis of DM may have been missing
or may not have been recorded accurately. To minimize
the possibility of including undiagnosed individuals with
DM, strict exclusion criteria were applied. Fourth, base-
line variables were defined using the most recently avail-
able data prior to index date, and therefore, the data
collected for some variables may not reflect the actual
status at index date. This limitation is particularly rele-
vant for variables such as smoking status, BMI, blood
pressure, and laboratory data that can change over time.
Fifth, classifying study population into COVID-19 and
non-COVID-19 was based on documentation of a positive
PCR test. There was a possibility of misclassifying unde-
tected patients with COVID-19, especially those with

asymptomatic and mild illness who did not perform the
PCR test, into non-COVID-19 group. This limitation may
result in a bias toward null. Sixth, data were collected
before the Omicron variant emerged as a dominant
variant of SARS-CoV-2 and therefore the results of this
study may not apply to that variant. Seventh, data on the
medication used, including corticosteroids, were avail-
able only in the community setting and were not avail-
able during hospitalization. Therefore, we were unable
to adjust for or matched based on corticosteroid used
during hospitalization. Lastly, in the frame of this study,
it was not feasible to accurately break down the DM diag-
nosis data by type and distinguish between type 1 DM and
T2DM.

CONCLUSIONS

Compared with individuals without COVID-19, non-
hospitalized patients were not at higher risk of new DM
either at the acute phase nor afterward. Hospitalized
patients had a higher risk of new DM during the acute
and post-acute phase, with the highest risk among severe
hospitalized patients.
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