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ABSTRACT

It remains undetermined whether burden of diabetes newly detected during acute COVID-19 persist in post-acute COVID phase. This meta-analysis was conducted to
summarize the available literature and provide a pooled estimate of the risk of developing incident diabetes following hospital discharge or at least 28 days after the
COVID-19 diagnosis compared to matched controls or severity matched influenza/ non-COVID-19 acute upper respiratory tract infections (AURI). Pooled analysis of
5787,027 subjects from four observational studies showed 59 % higher risk of developing incident diabetes in post-acute COVID-19 phase versus healthy controls
(HR:1.59; 95 % CI:1.40-1.81, p < 0.001, I°’=94 %, random-effects model). The high degree of heterogeneity in pooled estimate can be attributed to difference in
demographic characteristics, hospitalization rates or disease severity between study subjects. Pooling data from three studies, higher risk of incident diabetes was
also observed following COVID-19 versus severity matched non-COVID-19 respiratory tract infections (moderate-severe/hospitalized cases, HR 1.52; 95 % CI:
1.36-1.70, p < 0.01, ’=0 %, fixed-effects model; mild cases, HR 1.22; 95 % CI: 1.14-1.31, p < 0.001; I’=0 %, fixed-effects model). Majority of studies had median
follow-up period of around 4 months. In view of several limitations due to retrospective design of these studies, prospective studies with long term follow-up are

warranted.

1. Introduction

Presence of newly diagnosed diabetes in a significant proportion of
patients during acute COVID-19 phase with or without hospitalization
has been established in previous systematic reviews [1,2] . However, it is
unclear whether such metabolic abnormalities are persistent in long
COVID. Emerging literature points towards an increasing burden of
incident diabetes during post-COVID-19 period as well [3-9]. The CDC
defines post-COVID-19 conditions as new, returning, or ongoing health
problems occurring > 4 weeks after being infected with COVID-19 [10].
However, this cut-off remains a matter of debate with some researchers
suggesting COVID diagnosis plus 21 days as a reasonable start to the
post-acute phase [5]. In this context, we aimed to provide a pooled es-
timate of the risk of developing incident diabetes following hospital
discharge or at least 28 days after the COVID-19 diagnosis compared to
matched controls. In addition, we also planned to collate the effect of
COVID-19 versus severity matched non-COVID-19 acute upper respira-
tory infections (AURI) on the risk of incident diabetes.

2. Methods

The meta-analysis was conducted and reported according to the
Preferred Reporting Items for Systematic reviews and Meta-analyses
(PRISMA) statement [11]. We (MB and RP) independently performed
a systematic search of the literature across the PubMed, Embase and
Web of Science databases from inception till April 2, 2022, using rele-
vant Mesh terms, Emtree terms and keywords interposed with appro-
priate Boolean operators (Supplementary Appendix).

Observational studies (prospective/retrospective, case-control/
cohort design) were included wherever they reported the adjusted rate
ratio (RR)/hazard ratio (HR) of incident diabetes in patients after at
least 28 days of COVID diagnosis or following discharge after first hos-
pital admission for COVID-19 as compared to a non-COVID-19 popula-
tion (either healthy controls or non-COVID-19 AURI). Reviews,
commentaries, articles in non-English language, pre-prints and incom-
plete/duplicate data were excluded. Any discrepancy was solved via
discussion with third reviewer (SD). Study quality was assessed using
the Newcastle-Ottawa scale (NOS) [12].

Statistical analysis was performed using the RevMan 5.4 software
following data extraction. Adjusted estimates (expressed as HR/RR)

* Correspondence to: Department of Endocrinology and Metabolism, Institute of Post Graduate Medical Education and Research, Kolkata 700020, India.

E-mail address: mainakl8y@gmail.com (M. Banerjee).
1 Contributed equally.

https://doi.org/10.1016/j.pcd.2022.05.009

Received 21 April 2022; Received in revised form 23 May 2022; Accepted 25 May 2022

Available online 30 May 2022

1751-9918/© 2022 Primary Care Diabetes Europe. Published by Elsevier Ltd. All rights reserved.


mailto:mainak18y@gmail.com
www.sciencedirect.com/science/journal/17519918
https://www.journals.elsevier.com/primary-care-diabetes
https://doi.org/10.1016/j.pcd.2022.05.009
https://doi.org/10.1016/j.pcd.2022.05.009
https://doi.org/10.1016/j.pcd.2022.05.009
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pcd.2022.05.009&domain=pdf

M. Banerjee et al.

A

Post-COVID-19 Matched Controls

Primary Care Diabetes 16 (2022) 591-593

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI

Barrett et al. (2021) [HealthVerity database) 0.27 0.0447 139439 439439 21.5% 1.31[1.20,1.43) —-—

Xie etal. (2022) 0.3365 0.0148 181280 4118441  235% 1.40[1.36, 1.44] b

Ayoubkhani et al. (2021) 0.4055 0.0352 36100 36100 22.3% 1.50[1.40,1.61) -

Daugherty et al. (2021) 0.5988 0.0378 175435 175435 221% 1.82[1.69, 1.96] -

Barrett et al. (2021) [QVIA database] 0.9783 0.1506 80893 404465 10.7% 2.66 [1.98, 3.57) —_—
Total (95% ClI) 613147 5173880 100.0% 1.59 [1.40, 1.81] <>

Heterogeneity: Tau®= 0.02; Chi*= 64.07, df= 4 (P < 0.00001); F= 94% 055 + t t

Test for overall effect: Z= 7.00 (P < 0.00001)

Risk in Matched Controls Riskin F;ost-CO\/ID-19

Moderate-severe COVID-19 Moderate-severe influenza Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Birabaharan et al. (2022) 0.3784 0.0752 10436 10951 54.9% 1.46(1.26,1.69] —a—
Al-Aly et al. (2021) 0.47 0.0829 13654 13997 451% 1.60(1.36,1.88] ——
Total (95% ClI) 24090 24948 100.0% 1.52[1.36,1.70] ~
it Chi? = - = CEe + + t t
Heterogeneity: Chi*= 0.67, df=1 (P=0.41); F=0% 07 055 14 15

Test for overall effect: Z=7.54 (P < 0.00001)

C

Mild COVID-19 AURUmild influenza

Moderate-severe influenza Moderate-severe COVID-19

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Birabaharan et al. (2022) 0.1989 0.0346 272748 280851 95.2% 1.22[1.14,1.31]

Rathmann et al. (2022) 0.2311 0.1549 35865 35865 4.8% 1.26(0.93,1.71] =7

Total (95% CI) 308613 316716 100.0% 1.22[1.14,1.31] <>
Heterogeneity: Chi*= 0.04, df=1 (P =0.84); F= 0% o' o7 e 1

Test for overall effect: Z=5.94 (P < 0.00001)

AURI/mild influenza Mild COVID-19

Fig. 1. (1A) Forest plot depicting the risk of incident diabetes in post-COVID-19 subjects as compared to controls (HR 1.59; 95 % CI: 1.40-1.81, p < 0.001, P=94 %,
random-effects model). (1B) Forest plot depicting the risk of incident diabetes in moderate-to-severe post-COVID-19 subjects as compared to patients with moderate-
to-severe/hospitalized influenza (HR 1.52; 95 % CI: 1.36-1.70, p < 0.01, ’=0 %, fixed-effects model). (1C) Forest plot depicting the risk of incident diabetes in mild
post-COVID-19 subjects as compared to patients with mild flu or acute upper respiratory infection (HR 1.22; 95 % CI: 1.14-1.31, p < 0.001, P=0 %, fixed-

effects model).

from each study were pooled together with the generic inverse variance
method using the fixed-effects/random-effects model. Heterogeneity
was measured using I? statistics and quantified as low, moderate, and
high with upper limits of 25 %, 50 %, and 75 % for I%, respectively. A
two-tailed p < 0.05 was considered to be statistically significant.

3. Results

After a scrupulous literature search, we included 7 observational
studies in our meta-analysis (Supplementary Figure 1). Out of these 7
studies, 4 studies (5 datasets) reported the risk of incident diabetes post-
COVID-19 versus matched controls pooling data from 5787,027 subjects
[3-6]. The rest of the 3 studies reported the risk of incident diabetes in
COVID-19 versus severity matched influenza, pooling data from both
mild (n = 308613) and moderate-severe/hospitalized (n = 24090)
COVID-19 patients [7-9]. One preprint study was excluded as per in-
clusion criteria [13]. Two studies reported rate ratios [6,8], while others
reported hazard ratios for incident diabetes. Incidence RR can be
roughly interpreted as HR, especially when a single HR averaged over
the duration of the study’s follow-up has been reported and the
follow-up period is comparable among studies [14]. Since we planned to
pool reported HR/RR from studies, the study by Wander et al. was
excluded that reported significantly higher odds ratio (OR) for incident
DM in men following COVID-19 adjusting for greater surveillance
post-hospitalization [15]. Characteristics of all studies and quality
assessment have been demonstrated (Supplementary Table 1-2).

The pooled analysis showed that post-COVID-19 subjects were at 59
% higher risk of developing incident diabetes when compared to con-
trols (HR 1.59; 95 %CI: 1.40-1.81, p < 0.001, 1’=94%, random-effects
model) (Fig. 1A). Similar estimates were observed on analysis
including only those studies that reported post-COVID diabetes at least
28 days after COVID diagnosis (HR 1.64; 95 %CI: 1.37-1.96, p < 0.001,
=95 %, random-effects model) (Supplementary Figure 2). Sensitivity
analysis revealed that results derived from one dataset [4] and two
studies [5,6] contributed to the high heterogeneity (Supplementary
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Figure 3). Compared to patients with moderate-to-severe/hospitalized
influenza, patients with moderate-severe COVID-19 showed signifi-
cantly higher risk of developing incident diabetes (HR 1.52; 95% CI:
1.36-1.70, p < 0.01, IZ:O%, fixed-effects model) (Fig. 1B). Risk of
diabetes was also significantly higher in patients in mild COVID-19
versus subjects with mild flu/AURI (HR 1.22; 95 % CI: 1.14-1.31, p <
0.001, =0 %, fixed-effects model) (Fig. 1C).

4. Discussion

This systematic review and meta-analysis showed higher risk of
incident diabetes post-acute COVID-19 compared to healthy controls.
Difference in age, ethnicity, male population, hospitalization rates or
disease severity among population of included studies might have
resulted in the high heterogeneity in our pooled estimates.

Despite reports of a twofold excess of incident type 1 diabetes in
patients following pandemic influenza A (HIN1) in Norway [16], ma-
jority of epidemiological studies do not support temporal association of
seasonal influenza with diabetes [17]. Acute influenza, being a common
disease event for hospitalized patients, was taken as control group in few
studies in present review. In our study, a consistent increase in risk of
incident DM following COVID-19 was found with no heterogeneity
when compared to severity matched flu-like illness. Furthermore, sub-
group analysis based on steroid use amongst moderate/severe cases did
not reveal any difference in the strength of association between
new-onset T2DM and COVID-19 [9]. Therefore, clinicians need to screen
for adverse metabolic consequences frequently during post-acute
COVID-19 phase regardless of the disease severity or history of steroid
use during acute phase [18].

Given the high risk of DM even in pediatric population, we under-
score the importance of vaccinating all persons irrespective of age.
Notably, two studies did not find significantly higher adjusted HR for
T1DM or other forms of diabetes in post-COVID-19 versus controls,
thereby suggesting major contribution of T2DM on excess burden of
incident diabetes in post-acute COVID-19 [7,8] . To explain the observed
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association of diabetes risk after COVID-19 in children/adolescents,
Barrett et al. focused on disproportionately higher proportion of ethnic
minorities contracting COVID-19 and the rising prevalence of T2DM
from very early age among them [4]. Higher incidence of diabetic
ketoacidosis in the pediatric cohort compared to pre-pandemic data
could be attributed to delayed care seeking and less accessibility to
healthcare [4]. Lack of significantly higher anti-SARS-CoV-2 antibodies
in children with incident TIDM during pandemic have argued against
the temporal association between COVID-19 and T1DM [19,20].
Moreover, recent reports indicate that infection of human pancreatic
islets by COVID-19 remains largely non-cytopathic and unlikely to
precipitate new-onset diabetes [21]. Nonetheless, insulin resistance and
disordered insulin release consequent to up-regulated cytokines during
post-acute COVID-19 phase may indeed contribute to excess risk of
incident T2DM in these subjects [22,23].

We do acknowledge several limitations of this study. None of the
studies accounted for greater surveillance following hospitalization like
the one that was excluded from analysis [ 15]. However, increased risk of
diabetes in patients following hospitalized COVID-19 versus influenza
adds value to interpretation of our findings. All of the studies included
had retrospective design. ICD-10 codes were solely used to define DM in
most studies with the exception of two studies that additionally used
HbAlc levels [3,7]. This technique might be less sensitive to identify
actual burden of DM. Moreover, chances of misclassification bias, in-
formation bias and residual confounding could not be ruled out from all
studies. Many studies, including the study by Barrett et al. conducted in
persons < 18 years age [4], did not report HR separately for type 1 and 2
DM. Owing to lack of information, subgroup analysis could not be done
on important covariates, such as pre-diabetes and obesity status.

In conclusion, subjects post-acute COVID-19 have significantly
higher risk of incident diabetes, most likely due to new-onset T2DM.
However, long-term prospective studies are required to establish
whether this burden truly reflects a permanent burden on the metabolic
health.
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