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formed to estimate the proportions and level of association of diabetes with
clinical outcomes in hospitalized COVID-19 patients. Forest plots were gener-
ated to retrieve the odds ratios (OR), and the quality and risk assessment was
performed for all studies included in the meta-analysis.

Results: The total number of patients included in this study was 10 648, of
whom 3112 had diabetes (29.23%). The overall pooled estimate of prevalence of
diabetes in the meta-analysis cohort was 31% (95% CI, 0.25-0.38; z = 16.09,
P < .0001). Diabetes significantly increased the odds of severe COVID-19
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1 | INTRODUCTION

The COVID-19 pandemic is an ongoing public health
crisis, with over 245 373 039 confirmed cases globally,
including 4979 421 deaths as of 29 October 2021
(according to the World Health Organization [WHO]).!
Factors associated with poor outcomes, including in-
hospital morbidity and mortality, in COVID-19 hospitalized
patients are of considerable interest.” More specifically,
health comorbidities may predispose patients to an increased
risk of poor outcomes following COVID-19 infection.>* Pre-
vious studies have indicated a relatively higher prevalence of
diabetes in COVID-19 patients compared to those without
diabetes.” Moreover, previous meta-analyses have indicated
that diabetes is associated with increased risk of severe
COVID-19, acute respiratory distress syndrome (ARDS), and
in-hospital mortality.”"! However, several of these studies
included patients under 18 years of age or from the commu-
nity setting.

It is of clinical and public health interest to under-
stand how diabetes mediates outcomes in COVID-19
hospitalized patients. The current study sought to deter-
mine in-hospital prevalence of diabetes in COVID-19
patients and investigate the association of diabetes with
COVID-19 severity, ARDS rate, mortality, and the need
for mechanical ventilation in hospitalized COVID-19
adult patients by performing a systematic review and
meta-analysis.
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(OR 3.39; 95% CI, 2.14-5.37; P < .0001), ARDS (OR 2.55; 95% CI, 1.74-3.75;
P = <.0001), in-hospital mortality (OR 2.44; 95% CI, 1.93-3.09; P < .0001), and
mechanical ventilation (OR 3.03; 95% CI, 2.17-4.22; P < .0001).

Conclusions: Our meta-analysis demonstrates that diabetes is significantly
associated with increased odds of severe COVID-19, increased ARDS rate, mor-
tality, and need for mechanical ventilation in hospitalized patients. We also
estimated an overall pooled prevalence of diabetes of 31% in hospitalized

COVID-19, diabetes, meta-analysis, mortality, prevalence, SARS-CoV-2, ventilation

» Diabetes may predispose COVID-19 hospitalized patients to worse clinical

« Our findings indicate that diabetes is significantly associated with increased
odds of severe COVID-19, acute respiratory distress syndrome, mortality,
and need for mechanical ventilation in hospitalized patients.

« COVID-19 patients with diabetes are at high risk of morbidity and mortality.

With this study, we wanted to investigate the follow-
ing questions:

1. What is the pooled prevalence of diabetes in hospital-
ized COVID-19 patients drawn from the meta-
analysis?

2. Is diabetes associated with COVID-19 severity,
increased rate of ARDS, need for mechanical ventila-
tion, and in-hospital mortality?

2 | METHODS
2.1 | Literature search: Identification
and selection of studies

Relevant articles were retrieved from the following data-
bases until July 2021: PubMed, Embase, and Cochrane
Central Register of Controlled Trials. The search terms
used included diabetes or diabetic or tldm or t2dm or
diabetes mellitus and covid-19 or covid or coronavirus or
severe acute respiratory syndrome coronavirus 2 or
SARS-CoV-2. Nonhuman studies and articles not written
in English were excluded by applying filters. The detailed
search strategy is provided in the Supplementary Infor-
mation. The Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) flowchart was used
to present the search strategy and studies included in the
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meta-analysis (Figure 1). The PRISMA 2020 (Supplemen-
tal Table S6), Meta-analysis of Observational Studies in
Epidemiology (MOOSE) (Supplemental Table S5), and
Standards for Reporting of Diagnostic Accuracy Studies
(STARD 2015) checklists (Supplemental Table S7) were
also adhered to for reporting.

2.2 | Inclusion and exclusion criteria

For studies to be included, the following inclusion
criteria were applied: (a) age > 18 years, (b) availability

of comparative data between diabetes and non-diabetes
groups, (c) patients with a confirmed diagnosis of
COVID-19 in a hospital setting, and (d) studies with good
methodological design (with appropriate sample size
deemed to be >20 patients in each group). Besides, the
following criteria were applied to exclude studies:
(a) nonhuman/animal studies; (b) duplicated publica-
tions; (c) nonavailability of full-text articles; (d) case
reports, case series, letters, systematic reviews, and meta-
analyses; and (e) studies provided in abstract form that
did not have relevant data on diabetes or relevant clinical
outcomes were not reported.
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2.3 | Data extraction

The title and abstracts were reviewed on Endnote
(X9.3.3; Clarivate) first to rule out that the articles did
not meet the eligibility criteria. The remaining articles
were examined thoroughly to determine whether they
should be included in the systematic review or meta-
analysis according to the eligibility criteria. Reference
lists of articles included were also reviewed for possible
inclusion. The screening was conducted independently
by two authors experienced in meta-analysis. Any dis-
agreements were discussed, and final decisions were
reached by consensus. The data from each study/trial
were extracted independently using a data extraction
sheet to obtain the following information: (a) baseline
demographics (author, country, and year of publica-
tion), (b) study population (age of patients, sample size,
characteristics of COVID-19 patients, and presence or
absence of diabetes), and (c) outcome measures (severity
of COVID-19, in-hospital ARDS, mortality, and need for
mechanical ventilation). The outcome measures were
tabulated for the diabetes and non-diabetes groups. The
definition of severe disease differed between studies,

(A)
StudyID Author
5 Chung
7 Kim
10 Zhang
11 Zhang
16 Liu
18 Wu
20 Fadini
8 Liu
9 Mithal
22 Koh

Overall, DL (12 =77.6%, p = 0.000)
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with the presence of respiratory distress or admission to
the intensive care unit as common criteria. We dichoto-
mized severity groups into severe and non-severe.
Where studies had separate groups for severe and criti-
cal cases, these two groups were combined for the pur-
pose of this meta-analysis. ARDS was defined according
to the Berlin definition in two studies and undefined in
two other studies.'*> Mortality was defined as in-hospital
death within the study period for all studies. Mechanical
ventilation was defined as invasive mechanical ventila-
tion in five studies, intubation in two studies, and venti-
lation in one study.

24 |
studies

Quality assessment of included

The modified Jadad analysis scale was independently
used by two researchers to assess the methodological
quality of each study.'® The bias due to funding was
also evaluated, independent of the quality assessment,
based on the declaration of funding sources and
conflicts of interest."*

Odds Ratio %
Year (95% ClI) Weight
2020 — 14.73 (4.56, 47.62) 7.54
2020 —— 2.99 (2.09, 4.27) 13.61
2020 —— 1.37 (0.74,2.55) 11.68
2020 —t— 1.44 (0.61,3.39)  9.81

2020 : 8.12 (0.49, 134.56) 2.27

2020 —_— 4.67 (1.19,18.26) 6.43
2020 — 2.35(1.45,3.80) 12.76
2021 —=— 2.89 (1.64,5.09) 12.10
2021 —— 256 (1.42, 4.61) 11.92
2021 . —— 1254 (6.91, 22.77) 11.87

3.39 (2.14,5.37) 100.00

T T
ol 1 10

NOTE: Weights are from random-effects model; continuity correction applied to studies with zero cells

(B)
StudyID Author
4 Cai
5 Chung
10 Zhang
13 Khalili
17 Soliman
2 Al-Salameh

FIGURE 2
the association of diabetes with A,

Forest plot showing

Overall, DL (12 = 54.7%, p = 0.050)

QOdds Ratio %

Year (95% Cl) Weight
2020 —— 3.05(2.03,4.58) 23.65
2020 = 6.46(2.20,19.00) 9.12
2020 — 254 (1.37,4.73) 17.54
2020 —— 1.13 (0.57,2.21) 16.15
2020 — 3.90 (1.71,8.86) 13.05
2021 —— 2.01(1.20,3.36) 20.49
e 2.55 (1.74, 3.75) 100.00

severe COVID-19 and B, acute
respiratory distress syndrome

NOTE: Weights are from random-effects model
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2.5 | Statistical analysis

All statistical analyses were performed using STATA
(Version 13.0, StataCorp LLC, College Station, Texas). The
baseline characteristics of patient populations were synthe-
sized from all included studies. The crude prevalence of dia-
betes within the overall cohort was determined. Where
applicable, median, and interquartile ranges were converted
to mean and SD using the method described by Wan et al'®
In this study, the association of diabetes with severity
of COVID-19, odds of ARDS, mortality, and need for
mechanical ventilation was investigated by performing the
DerSimonian-Laird random-effects meta-analysis. Summary
effects and heterogeneity obtained from the meta-analysis

were tabulated. Forest plots were generated to present the
odds ratios (OR) (effects measure), 95% CI, percentage
weight, and the heterogeneity between studies included in
the meta-analysis. When applicable, tests of overall effect,
vis a vis P value, and Z-test were also reported. Egger's tests
of effect sizes corresponding to each clinical outcome were
performed (Figure 2 and Supplemental Table S3). To assess
the heterogeneity between the studies, I* statistics and
P values were used (<40% = low, 30%-60% — moderate,
50%-90% = substantial, and 75%-100% = considerable).'®
Other heterogeneity parameters including Cochran's Q,
H-Test (relative excess in Cochran's Q over its degrees of
freedom), and tau (for heterogeneity variance estimates)
were also analyzed. The regression-based Egger's test for

(A)
StudylD Author Year Odds Ratio (95% Qiight
1 Akbarigomi 2020 —— 223(1.30,3.81) 6.21
3 Alguwaihes 2020 — 251(1.42,4.46) 593
4 Cai 2020 —oi— 2.01(1.19,3.40) 6.28
5 Chung 2020 — 16.67 (1.86, 149.66)1.03
7 Kim 2020 = 453(2.88,7.13) 6.83
10 Zhang 2020 —n— 2.92(1.01,8.41) 822
11 Zhang 2020 = 2.31(0.96,5.55) 4.05
13 Khalili 2020 Bas 1.68(0.89,3.19) 546
15 Acharya 2020 —=— 4.92(2.07,11.68) 4.10
16 Liu 2020 +—— 2.59(0.79,8.52) 274
17 Soliman 2020 - 21.26 (1.01, 448.90D.56
19 Xu 2020 — 2.11(1.20,3.74) 5.96
20 Fadini 2020 e 1.35(0.70,2.60) 536
21 Guo 2020 +—— 3.20(0.81,12.58) 2.24
23 Li 2020 —— 2.80(1.04,7.59) 3.48
24 Seigle 2020 —— 212(1.17,3.84) 578
2 A-Salameh 2021 e 0.77 (0.44,1.34)  6.09
6 Fox 2021 —— 1.64(0.99,2.70) 646
8 Liu 2021 -T—F— 4.65(1.98, 10.91) 4.16
9 Mithal 2021 e 472 (1.31,17.00) 247
12 Tabrizi 2021 ——— 3.48(1.49,8.14) 4.18
14 Raghavan 2021 —- 1.81(1.08,3.02) 638
22 Koh 2021 |————%——— 2650 (2.94, 238.85).02
Overall, DL (I* = 54.6%, p = 0.001) o 2.44 (1.93,3.09) 100.00
T T
1 1 10
NOTE: Weights are from random-effects model; continuity correction applied to studies with zero cells
(B)
Odds Ratio %
StudylD Author Year (95% Cl) Weight
1 Akbariqomi 2020 — 4.39 (2.03,9.52) 8.15
3 Alguwaihes 2020 —*—r 1.81 (1.01, 3.24) 10.09
4 Cai 2020 —— 2.67 (1.30, 5.50) 8.64
5 Chung 2020 =+ 9.90 (2.41, 40.64) 4.02
7 Kim 2020 T 3.98 (2.47, 6.42) 11.20
10 Zhang 2020 —*v— 2.58 (0.92,7.25) 6.07
11 Zhang 2020 —i—‘— 8.91 (1.86, 42.76) 3.44
13 Khalili 2020 —*;— 2.62 (1.10,6.22) 7.33
1z Soliman 2020 :—‘— 7.28 (3.04,17.41) 7.28
24 Seiglie 2020 —‘—‘ 1.95 (1.29, 2.96) 11.89
6 Fox 2021 = 1.47 (0.91,2.38) 11.16
12 Tabrizi 2021 ——— 7.57 (2.54, 22.57) 5.67
14 Raghavan 2021 —_—— 1.21 (0.37,3.98) 5.06 ots show
Overall, DL (12 = 59.9%, p = 0.003) <> 3.03 (2.17, 4.22) 100.00 FI GUR.E 3 Forest plots showing
i i the association of diabetes with (A)
| 1 10 mortality and (B) use of mechanical

NOTE: Weights are from random-effects model

ventilation
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heterogeneity (based on Cochran Q); OR, odds ratio; Q, heterogeneity measures were calculated from the data with CI based on noncentral chi-square (common effect) distribution for Cochran Q test;

REDL, DerSimonian-Laird random-effects method.
“Heterogeneity measures were calculated from the data with 95% CI based on gamma (random effects) distribution for Q.

®Values of I? are percentages.
“Heterogeneity variance estimates (tau<) were derived from REDL.

small-study effects was also used to evaluate funnel plot
asymmetry quantitatively (Figure 5). The effects of an indi-
vidual study on the overall meta-analysis were also
evaluated, for stability and sensitivity, using STATA's
“metaninf’ package (Supplemental Figure S1). Effect size
analyses for the association of diabetes with severity, ARDS,
mortality and mechanical ventilation are shown in Supple-
mental Figure S2. A Begg's funnel plot was used to visually
detect the presence of publication bias, identified by the
presence of asymmetry on the funnel plot (Supplemental
Figure S3). P values <.05 indicated statistically significant
association.

For estimating prevalence, the “metaprop” STATA
command was used to pool proportions by performing a
DerSimonian-Laird random-effects meta-analysis of pro-
portions obtained from the individual studies.'”
To stabilize the variances, Freeman-Tukey double arcsine
transformation was also applied to stabilize the variances
in order to calculate the pooled estimates. For prevalence
meta-analysis, the heterogeneity was estimated from the
inverse-variance fixed-effect model as well as by using
the 1> measure. Forest plots were created to report the
overall estimates of the meta-analysis.

3 | RESULTS
3.1 | Description of included studies

There were 24 included studies, with a total cohort of
10 648 patients, of whom 3112 had diabetes (29.23%).
The mean age + SD of all included studies was 49.87
+ 32.32 years, and there were 5953 males overall (55.91%).
COVID-19 diagnosis was defined as a positive reverse tran-
scription polymerase chain reaction (RT-PCR) test in
21 studies; as history, fever or respiratory symptoms, CT
imaging abnormalities, and a positive RT-PCR in 1 study;
and was not defined in 2 studies. Three studies specifically
investigated type 2 diabetes only, with the remainder not
distinguishing between type 1 and 2. Data on diabetes
severity or duration were not provided in any studies.
Although the overall crude prevalence rate of diabetes was
29.23%, our meta-analysis demonstrated that the overall
pooled estimated prevalence rate was 31% (95% CI,
0.25-0.38; z = 16.09, P < .0001). A forest plot showing the
prevalence of diabetes in COVID-19 hospitalized patients
is included in Figure 3. Supplemental Table S4 shows the
full results of the random-effects meta-analysis of propor-
tions obtained from individual studies. Considerable het-
erogeneity was found between the studies (I2 = 98.04%,
P <.0001). A description of the clinical characteristics of
the included studies can be found in Table 1. Summary
effects and heterogeneity from the meta-analysis on the
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FIGURE 4 Forestplots showing  Estimated prevalence of diabetes in hospitalised COVID-19 patients
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FIGURE 5 Egger's tests of effect sizes for studies on the association of diabetes with A, severe COVID-19, B, acute respiratory distress
syndrome, C, mortality, and D, mechanical ventilation
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association of diabetes are provided in Table 2. Supple-
mental Table S1 provides a summary of significant meta-
analysis outcomes. Summary data and performance esti-
mates for sensitivity and specificity analysis are also pro-
vided in Supplemental Table S2. The results of
methodological quality, risk of bias, and funding bias
assessment of included studies are provided in Supplemen-
tal Table S3. One study demonstrated a moderate potential
for funding bias. Effect size analyses for severe COVID-19,
ARDS, mortality, and mechanical ventilation are also pres-
ented in Supplemental Figure S2.

3.2 | Association of diabetes with severe
COVID-19

Overall, 10 studies were included in the meta-analysis of
the association of diabetes with severe COVID-19, compris-
ing 4705 patients. Severity of disease definitions varied
between studies and included criteria such as admission to
the intensive care unit, oxygen stats, and need for intuba-
tion. Diabetes was associated with significantly increased
odds of severe COVID-19 (OR 3.39; 95% CI, 2.14-5.37,
P <.0001, z = 5.206) (Figure 4 and Table 2). Substantial
heterogeneity was found between the studies (I = 77.6%
[95% CI, 2.7%-90.4%], P < .0001). There was some evidence
of publication bias from visualization of the funnel plot
(Supplemental Figure S3).

3.3 | Association of diabetes with ARDS
Six studies were included in the meta-analysis of the
association of diabetes with in-hospital ARDS, com-
prising 2298 patients. ARDS was defined by the Berlin
definition in four studies and undefined in two. Diabe-
tes was associated with significantly increased odds of
ARDS (OR 2.55; 95% CI, 1.74-3.75; P < .0001,
z = 4.772) (Figure 4). Moderate-to-substantial hetero-
geneity was found between the studies (I* = 54.7%
[95% CI, 0%-82.9%], P = .05). There was some evidence
of publication bias observed by visual inspection of the
funnel plot (Supplemental Figure S3).

3.4 | Association of diabetes with
in-hospital mortality

Overall, 23 studies were included in the meta-analysis of
the association of diabetes with mortality, comprising
10 582 patients. Mortality was defined as the death of a
patient within the follow-up period of the study in
all included studies. Diabetes was significantly associated

with increased odds of in-hospital mortality (OR 2.44; 95%
CI, 1.93-3.09; P < .0001, z = 7.425) (Figure 5). Moderate-to-
substantial heterogeneity was found between the studies
(I* = 54.6% [95% CI, 3.8%-73.7%], P = .001). No evidence of
publication bias was observed by visual inspection of the
funnel plot (Supplemental Figure S3).

3.5 | Association of diabetes with the
need for mechanical ventilation

Overall, 13 studies were included in the meta-analysis of
the association of diabetes with the requirement of
mechanical ventilation, comprising 6066 patients.
Mechanical ventilation was defined as invasive mechani-
cal ventilation in seven studies, need for intubation in
two studies, and mechanical ventilation in three studies.
Diabetes was associated with significantly increased odds
of need of mechanical ventilation (OR 3.03; 95% CI,
2.17-4.22; P < .0001, z = 6.524) (Figure 5). Moderate-to-
substantial heterogeneity was found between the studies
(I* =59.9% [95% CI, 0%-80.5%], P = .003). There was
some evidence of publication bias observed by visual
inspection of the funnel plot (Supplemental Figure S3).

4 | DISCUSSION
Our study clearly demonstrates that diabetes in COVID-
19 hospitalizedpatients is associated with poor clinical
outcomes. Diabetes was significantly associated with
increased odds of severe COVID-19, need for mechanical
ventilation, ARDS, and in-hospital mortality. This is con-
sistent with previous studies investigating the association
of diabetes with certain clinical outcomes; however, sev-
eral key clinical endpoints were not reported.®*" There-
fore, our study provides evidence on how diabetes
mediates outcomes in hospitalized COVID-19 adult
patients. The crude prevalence of diabetes in hospitalized
patients varied from 15% to 40% in various studies.'®*°
Our meta-analysis estimated an overall pooled prevalence
of 31% of diabetes in hospitalized COVID-19 patients.
Various mechanisms have been implicated in the
poor clinical trajectory due to COVID-19 in diabetes
patients. Diabetes-induced hyperglycemia leads to several
issues, including chronic inflammation and impairment
of the immune system through oxidative stress and
diminished functioning of antibodies, macrophages, and
chemokines.?"** It is known that COVID-19 further exac-
erbates inflammatory responses, potentially resulting in
cytokine storms.** It also contributes to diabetes-related
issues such as endothelial dysfunction and coagulation-
related issues.*® It has also been postulated that diabetes-
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related alveolar microangiopathy in the lungs could be
contributing to worsened clinical outcomes.** These com-
plications may lead to the increased severity, acute respi-
ratory distress, and mortality seen in diabetes patients.?

Several factors may contribute to the clinical outcomes
of COVID-19 in patients with diabetes.”**’ There is a close
relationship between diabetes and cardiovascular complica-
tions such as obesity and hypertension.”*>" After control-
ling for these conditions and other comorbidities, some
studies included in this meta-analysis found that there was
no significant association between diabetes and mortality
from COVID-19.>*** Hypertension itself is an important
risk factor within COVID-19 patients leading to worsened
outcome.® Other important risk factors include disease
duration, age, and fasting blood glucose (FBG).*****7 Cai
et al*® found a significant relationship between higher FBG
levels and mortality but not between diabetes and mortality.
Similarly, Zhang et al®® found a significant association
between higher FBG and poor clinical outcomes. This high-
lights the importance of glucose testing of COVID-19
patients, and not only relying on previous history of diabe-
tes. Given the known severity of COVID-19 in elderly
patients, age should also be closely considered. In a retro-
spective study, Kim et al*® found that there was a significant
association between diabetes and mortality in older
COVID-19 patients, but not in younger.

There are several limitations for this meta-analysis.
Out of the included studies, only Mithal et al**> was pro-
spective in design. This means that the criteria for inclu-
sion in the diabetes group relied largely on previous
clinical history and would have excluded some new dia-
betes cases. Consequently, there may be some patients
with undiagnosed diabetes included in the control group.
The data on body mass index, diabetes duration, and gly-
cosylated hemoglobin levels are not available for all stud-
ies to allow a meta-analysis to be performed. Detailed
information on the diabetes profile, such as its duration,
have not been reported. The effect of these factors,
including impact of poor glycemic control, on COVID-19
severity and outcomes in COVID-19 patients with diabe-
tes are subject of future investigation. Another major lim-
itation is the wvariation in outcome definitions. In
particular, the outcomes of severity and need for mechan-
ical ventilation had varied definitions (Table 1). Findings
should be interpreted on methodological design and the
study population. However, given that we performed a
randome-effects model, some of these variabilities and het-
erogeneities will be covered. Future studies on long-term
impact of COVID-19 on patients with diabetes would pro-
vide insights on the optimal management strategies.

In conclusion, diabetes is an important clinical consider-
ation in the current COVID-19 pandemic. Our meta-analysis
clearly demonstrates that diabetes is associated with poor

outcomes such as severe disease, need for mechanical
ventilation, ARDS, and mortality. This has implications for
the importance of tailored strategies for management of
COVID-19 patients with diabetes.
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