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Association of Diabetes and Severe COVID-19 Outcomes:
A Rapid Review and Meta-Analysis
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Abstract

Background: Addressing the urgent need for evidence on diabetes as
a serious comorbidity for severe illness and death from coronavirus
disease 2019 (COVID-19), we investigated the association between
diabetes and COVID-19 disease severity in patients hospitalized due
to COVID-19.

Methods: This rapid review and meta-analysis was undertaken in ad-
herence with the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) guidelines. MEDLINE and EMBASE
were searched for studies published between January 1 and May 20,
2020. Studies included were English language, peer-reviewed, observa-
tional studies of adults hospitalized for COVID-19 with reported clini-
cal course and living with or without diabetes. The severity of clinical
course was assessed using a composite outcome (mortality, admittance
to intensive care unit (ICU), requirement for invasive mechanical venti-
lation (IMV), clinically defined severe or critical disease). Data and ad-
justed measures of association were extracted from published reports,
and meta-analysis was performed using a random effects model. The
protocol was registered with OSF (https://osf.io/agsyb/).

Results: A literature search yielded 431 articles, of which 45 studies
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(22,091 patients) met the inclusion criteria and 14 studies (12,383
patients) reported an adjusted measure of association for diabetes
with the composite outcome with pooled hazard ratio 1.59 (95% con-
fidence interval 1.3 - 1.93; 1> = 0%, P = 0.820) and pooled odds ratio
of 2.15 (95% confidence interval 1.63 - 2.83; 12 = 0%, P = 0.892);
evidence by GRADE was moderate.

Conclusions: People living with diabetes are more likely to develop
severe COVID-19 clinical course if hospitalized for COVID-19 than
people not living with diabetes. To inform clinical decision-making
during the pandemic, our findings support that people living with
diabetes who are hospitalized for COVID-19 should be prioritized
when triaged as at increased risk for the development of severe clini-
cal course.

Keywords: Diabetes; COVID-19; Severe COVID-19 outcomes;
Meta-analysis

Introduction

The highly contagious coronavirus disease 2019 (COVID-19)
was first reported in Wuhan, China, in December 2019. By
March 11, 2020 the World Health Organization (WHO) had
declared the outbreak a pandemic [1]. COVID-19 which typi-
cally presents with flu-like symptoms such as fever, cough,
breathing difficulties, tiredness, and muscle aches, continues
to spread worldwide at an alarming rate, with devastating im-
pacts for individuals, healthcare systems, and economies [2].
The majority of infections result in mild disease, while ap-
proximately 20% of individuals develop severe forms of the
disease [3]. Severe and critical disease in patients with COV-
ID-19 is characterised by the need for specialized treatment in
intensive care units (ICUs), often requiring invasive mechani-
cal ventilation (IMV), and may result in death or long-term
negative health effects, as was seen in previous coronavirus
infections [4]. People most at risk for becoming seriously ill
are the elderly and those with comorbidities such as diabetes,
obesity, or hypertension [5, 6].

The International Diabetes Federation estimates that 463
million adults aged 20 - 79 were living with diabetes in 2019,
equalling a global prevalence 0f 9.3% [7]. Diabetes is a chronic
condition often associated with several serious complications,
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which if not managed appropriately, can decrease a person’s
quality of life or even lead to premature death [7]. People liv-
ing with diabetes have also been shown to have worse clinical
outcomes when infected with a range of infectious pathogens,
highlighting their potential vulnerability in the event of a vi-
ral outbreak such as COVID-19 [8]. This fact is supported by
emerging evidence from the current pandemic, where the most
prevalent comorbidities reported in patients hospitalized due
to COVID-19 are hypertension 32% (95% confidence interval
(CI) 31 - 33), diabetes 22% (95% CI 21 - 23), heart disease
13% (95% CI 13 - 14), and chronic obstructive pulmonary dis-
ease (COPD) 8% (95% CI 7 - 8) [9]. A meta-analysis of 33
studies by Kumar et al (2020) [10] also identified an associa-
tion between diabetes and severe COVID-19 in patients with
diabetes hospitalized due to COVID-19, as well as a signifi-
cantly increased risk of mortality, compared to patients with-
out diabetes.

Given the current scale of the pandemic and the possible
consequences for the many people living with diabetes, there is
an urgent need to generate evidence rapidly to support health-
care professionals and decision-makers. This study seeks to
address this by building on the current growing body of knowl-
edge and providing up-to-date information for evidence-based
clinical decision-making and planning for healthcare provision
for those most at risk. The primary objective is to assess the
association between diabetes and severe COVID-19 clinical
course in patients hospitalized due to COVID-19. The second-
ary objective is to assess the prevalence of diabetes in patients
hospitalized due to COVID-19. The exploratory objective is to
report putative prognostic factors as identified in studies with
hospitalized patients living with diabetes who developed se-
vere COVID-19 clinical course.

Materials and Methods

Search strategy and selection criteria

This rapid review and meta-analysis was undertaken in adher-
ence with the Preferred Reporting Items for Systematic Re-
views and Meta-Analysis (PRISMA) guidelines [11]. MED-
LINE and EMBASE were searched between January 1 and
May 20, 2020. Keywords and MeSH terms specific to each
database were used in the search, and COVID-19 search terms
were based on the OVID Expert Search Team’s validated
COVID-19 search string [12]. Detailed search strategies are
included in here (Supplementary Material 1, www.jofem.org).
Identified articles and previous reviews were snowballed for
articles that may have included data useful to this study.

Full texts were reviewed by one of five reviewers, with
excluded studies verified independently by a second review-
er. Disagreements were resolved by consensus. Reasons for
exclusion were recorded for all studies excluded after a full-
text review and reported in the PRISMA diagram. Abstracts,
conference proceedings, letters, and other non-peer-reviewed
studies were excluded. Only peer-reviewed, published stud-
ies (including accepted manuscripts in press) were included.
Non-English language studies were excluded. Authors were
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not contacted for missing data.

Observational cohort and case-control studies that com-
pare exposure with outcomes between different groups [13]
were included to achieve the primary and secondary objec-
tives, and any relevant information pertaining to the explora-
tory objective was reported. The study population included
children, adolescents, and adults who were hospitalized due to
suspected, probable, or confirmed COVID-19. To be eligible
for inclusion, studies must have compared outcomes in a group
of exposed individuals (people with diabetes) with a group of
unexposed individuals (people without diabetes).

Data extraction and synthesis

The level of data sought, for the primary objective and for in-
clusion in the meta-analysis, was summary estimates of adjust-
ed measure of association of diabetes with the composite out-
come of COVID-19. The composite outcome was any of the
following: mortality, admittance to ICU, requirement for IMV,
or clinically diagnosed with refractory, progressive, severe, or
critical disease according to one of the standard predefined cri-
teria of the WHO [14]; or National Health Commission of Chi-
na (version 3 - 5) [15]; or American Thoracic Society guide-
lines [16]. The level of data sought, for the secondary objective
and included in the meta-analysis, was individual patient-level
data of the proportion of people with diabetes in hospitalized
COVID-19 patients with composite outcome. The level of data
sought, for the exploratory objective, was summary estimates
of association of putative prognostic factors with diabetes and
the composite outcome of COVID-19. The protocol is avail-
able online at https://osf.io/agsyb/.

Data were extracted by one reviewer and checked by a
second reviewer onto a custom spreadsheet, including par-
ticipant characteristics, exposure and comparator characteris-
tics, and outcomes of interest. No duplicate data were found.
Possible study population overlap was investigated, with the
study author contacted twice but with no response, the poten-
tially overlapping studies were reported here (Supplementary
Material 1, www.jofem.org), and an exploratory meta-anal-
ysis was performed with these studies excluded with results
reported (Supplementary Material 1, www.jofem.org). The
primary objective used the DerSimonian and Laird random
effects model to report the adjusted measures of effect (haz-
ard, risk, odds ratio) across the different studies with the 95%
CI [17]. The secondary objective used the DerSimonian and
Laird random effects model to pool the extracted crude pro-
portions from different studies and report prevalence with a
95% CI. The 1? statistic was used to assess the level of het-
erogeneity between outcomes from different studies for the
primary objective. 12 > 50% was predefined as a high level
of heterogeneity between studies. A sub-group analysis was
to be performed if heterogeneity was found. The predefined
sub-group analysis was by outcome, exposure, geographical
region, and study quality. A post hoc analysis by median age
was included. A risk of bias assessment with the Newcastle-
Ottawa Scale (NOS) [18] was independently conducted by
two reviewers, compared, and consensus was reached. The
primary outcome was assessed with GRADE. A funnel plot

www.jofem.org 119



Diabetes and Severe COVID-19 Outcomes

J Endocrinol Metab. 2020;10(5):118-130

431 records identified
through database search
(MEDLINE n=219
EMBASE n=212)

314 identified for
screening

117 duplicates removed

17 articles identified
through citation
analysis of other
reviews and articles

130 full text articles
screened for eligibility

201 records excluded

45 studies included in
the review

85 full text articles excluded
48 [Incorrect study type]
1 [Duplicate]
13 [No appropriate outcomes]
15 [Not peer reviewed]
1 [No comparator]
4 [Full text unavailable]
2 [Incorrect population]
1 [Incorrect exposure]

Figure 1. PRISMA flow diagram showing results of search and study selection.

was used to assess publication bias. An asymmetric graphic
indicates bias. Asymmetry was tested using the Begg and
Egger test [19]. Stata version 13 was used to perform the
meta-analysis and statistical analysis.

Results

The literature search yielded 431 articles. After removing du-
plicates and excluding articles on the basis of their title, ab-
stract, or full text (Supplementary Material 1, www.jofem.
org), 45 studies (22,091 patients) met the inclusion criteria
(Fig. 1) [2, 5, 20-62]. The majority of studies included hospi-
talized patients with moderate to severe COVID-19; only five
studies included mild cases [42-44, 47, 48]. The majority of
patients were adults, with median ages ranging from 44 to 65.
The majority of the studies were set in China (n = 40), with
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the remainder in Korea (n = 1), USA (n = 2), and France (n =
2). Enrolment dates ranged from December 11, 2019 to April
18, 2020. The majority of the studies were retrospective cohort
studies, with the exception of one case-control [40] and one
prospective cohort study [5]. The determination of exposure
(diabetes) and comparator groups was mostly either through
medical records or was self-reported. The type of diabetes was
not identified in 41 studies, with those that did identify types
reporting 88% of patients with diabetes as having type 2 dia-
betes [5, 25], or excluding all patients without type 2 diabetes
[21, 62]. Of these 45 studies, only 14 studies had outcome data
for the primary objective (12,383 patients); these studies were
summarised and presented in Table 1 [2, 29, 33, 35, 38, 40-42,
46, 50, 58, 59, 61, 62]. Forty-two studies with outcome data
for the secondary objective (18,878 patients) and the Table of
study characteristics for the additional 31 studies as well as the
Table of participant characteristics are available here (Supple-
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- mentary Material 1, www.jofem.org).
. o g= The primary objective of the association between diabetes
ShE s 2 2o . and the composite outcome is presented in Figure 2 [15, 16,
o = O o e} o 8 = p . p . g . .
g g 3 S88e22, 63]. From studies that reported hazard ratios, patients with dia-
g 52 éﬂ'g g & «f:ﬁ’ 2 5 betes had 1.59 (95% CI 1.3 - 1.93) times higher risk of experi-
-2 e o5z ED i i h i ithout diabetes; th
S5 5 S 5983573 encing composite outcomes than patients without diabetes; the
% E fo E gﬁ 5 g Lﬁg § _g& 53 8 associated level of heterogeneity between the pooled studies
£ |$gs= 528837 8°35 (n = 5) was low (I> = 0%, P = 0.820). From the retrospective
3 - 2 g o s £ ‘g =8 < 2z studies that reported odd ratios, patients with diabetes had 2.15
- | o 8T = g8 332388 = - . .
2 PE35 % > Pgg2E 5 2 E (95% CI 1.63 - 2.83) times increased odds of the composite
outcome compared with those without diabetes, and the as-
§ sociated level of heterogeneity between the pooled studies (n =
g _ 9) was low (12 = 0%, P = 0.892).
£ E‘ g 2 3 ) The pri(mary objective pooled adjusted measures of as-
SEE = o0 sociation, as presented and adjusted by the study authors for
% g § % % within-study covariates (studies meeting these criteria n = 14).
585 % 5 5 To investigate what effect using these adjusted measures of
§ = & 48 @ E association had on the direction or magnitude of the pooled
g |z Eﬁ g 2z % 2 §* estimate, we pooled the crude/unadjusted participant data from
S |25 o 3 < = < all studies that presented data in this (n = 42) without adjusting
‘3 ER = 5 E 5 E for within-study covariates (Supplementary Material 1, www
S |Seg¢ =& s & : Y SUPP . N
= jofem.org). The crude/unadjusted odds ratio was 1.53 (95%
= CI 1.43 - 1.62) with high heterogeneity (I? = 83.2%). In com-
5 g g n co
3 >3 arison with the adjusted measure of association, the direction
2 S 23 p 1 3 ‘
2 S Z §o and magnitude of the effect remained unchanged; however, the
= = & =3 heterogeneity was high.
§ _§ S § s The secondary objective, the pooled prevalence of diabe-
B 3 3E tes in COVID-19 patients experiencing composite outcome,
== = =5 was 24% (95% CI 20-27%) (Fig. 3). The level of heterogene-
ity between the studies included in this analysis was high (I
SAP o =86.24%, P=10.00). Therefore, a predefined sub-group anal-
2 &8 SRS ysis was performed to adjust for expected sources of hetero-
2 AN ks eneity. The studies were separated by geographical region
E ~a £ g £ 2 with those set outside of Asia reporting a'prevalence of 45%
£ S 5 3 .S 3= (CI 23-68%) and those set in Asia reporting a prevalence of
E | S8 g = g S 21% (CI 18-24%; 12 = 78.56, P = 0.00) (Fig. 3). Prevalence
=== a oo of diabetes separated by quality of the studies reported a
prevalence of 22% (CI 17-26%; I? = 86.64, P = 0.00) in those
& . rated fair quality and a prevalence of 27% (CI 21-33%; 1% =
g & "g f‘; 88.17, P =0.00) in those rated good quality (Supplementary
20 =2 T 3 Material 1, www.jofem.org). Sub-group analysis by type of
- ¢ - s hEis outcome experienced, mortality versus severe disease, re-
= 9 n O = .= I = p y
- a8 SEES 40 ported a prevalence of 30% (CI 21-39%; 12 =90.91, P=0.00)
3 £ 2 cE o Eg versus 21% (CI 17-24%; 12 = 86.24, P=0.00) (Supplementary
S o0 |~ S8 Q2 &9 . . .
£ g '3 ES%gE &8 Material 1, www.jofem.org). The prevalence of diabetes was
S § £3 2525 58 b- d into those studies with a medi f patient
Q 7 .8 i N =
8| d &2 SE=fed greater than age 60, and those with a median age of paticnts
o e of age 60 and below and reported as 34% (CI 20-49%; 12 =
fg’) = 95.74, P =0.00) and 21% (CI 17-24%; 1> = 74.48, P = 0.00),
S = e respective.ly (Supplementary Material 1, www.jqfem.org).
T (&8 = The risk of bias assessment of the 45 studies included
% % Té ia = - found the study design and execution of 31 studies to be of
s 5= = fair quality, and those of 14 studies to be of good quality (see
g . Table of risk of bias assessment (Supplementary Material 1,
2 = = . www.jofem.org)). The outcomes extracted for the synthesis of
3 = = —_ J g ynthe
-y 5= ) the primary outcome were found to be of moderate quality on
- >~ Ya) Ne) 0 © . . .
° L = = = the GRADE quality of evidence scale. The moderate-quality-
e} 2gq 2g £9g ranked evidence can be interpreted as meaning that the true
= N a N N effect is probably close to the estimated effect. Publication bias
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Overall (I-squared = 0.0%, p = 0.892)

2.15(1.63,2.83) 100.00

a
DM/ Hazard % Study
Study Setting Outcome DM/CO No CO Ratio (95% CI) Weight quality
Guan, W China composite 31/131 100/ 1360 —_— 1.59 (1.03, 2.45) 20.86  Good
Shi, Q China mortality 31/47 16/259 o 1.58 (0.84, 2.99) 9.75 Good
Wang1 China mortality 11/65 54/274 * i 1.09 (0.57, 2.08) 9.33 Good
Wu,C  China mortality - } 1.58 (0.80,3.13) 8.45  Good
Zhu, L China mortality 74/248 147/7089 —':-o— 1.70 (1.29,2.24) 51.62 Good
Overall (I-squared = 0.0%, p = 0.820) <> 1.59 (1.30, 1.93) 100.00
' T
1 3
No severe course  Severe course
b
DM/ Odds % Study
Study Setting Outcome DM/CO No CO Ratio (95% CI)  Weight quality
Hu, L China composite 19/44  28/232 —i—*— 3.11 (1.15,8.37) 7.76 Fair
1
Zhang,Y  China composite 13/48 8/76 — 2.61(0.86,7.88) 6.21  Fair
Zhou, F China mortality 19/118 17/37 — 2.85(1.35,6.05) 1354 Fair
Huang, R  China severe 8/15 11/168 —5—0— 4.33 (1.06, 17.67) 3.85 Good
Hur, K USA severe 56/82 104/244 —O-i- 1.64(1.02,2.66) 33.16 Good
1
Mo, P China severe 12/73 3/67 S R —— 2.14 (0.48,9.41) 3.46 Fair
1
Simonnet, A France severe 23/62 5/34 —_— 1.60 (0.44, 5.83) 4.56 Good
1
Targher, G China severe —OI— 2.05(1.01,4.19) 15.05 Good
Zhang, X China severe —+— 2.22(1.01,4.84) 1241 Fair
1
1

No severe course

Severe course

Figure 2. (a) Forest plot showing pooled hazard ratio of diabetes associated with composite outcome of patients hospitalized
for COVID-19. (b) Forest plot showing pooled odds ratio of diabetes associated with composite outcome of patients hospitalized
for COVID-19. Composite outcome = mortality/admittance to ICU/requirement for IMV/clinically diagnosed with refractory, pro-
gressive, severe, or critical disease [15, 16, 63]; severe outcome = any except mortality. DM: diabetes mellitus; CO: composite

outcome.
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DM Study

Study Setting QOutcome /CO ES (95% CI) quality
From outside Asia :
Bode, B USA mortality 53/77 : -& 0.69(0.57,0.79) Fair
Hur, K USA IMV 56 /138 ' 0.41(0.32,0.49) Good
Simonnet, A France IMV 23/85 - 0.27 (0.18,0.38) Good
Subtotal (A2 =9, p=.) :<> 0.45 (0.23,0.68)

1
From Asia :
Cao, J China mortality 6/17 - 0.35(0.14,0.62) Fair
Chen, T China mortality 24147 - 0.21(0.14,0.30) Fair
Chen, Y China mortality 26/92 #— 0.28(0.19,0.39) Good
Deng, Y China mortality 17/109 L] 0.16 (0.09, 0.24) Fair
Du,R China mortality 6/21 —-— 0.29(0.11,0.52) Good
Guo, W China mortality 4/9 ——=—  044(0.14,079) Good
Shi, Q China mortality 31/47 1 =-E= 0.66(051,0.79) Good
Yan, Y China mortality 9/108 = : 0.08 (0.04, 0.15) Good
Yang, X China mortality 2/ 20 T 0.10(0.01,0.32) Fair
Yuan, M China mortality 6/ 10 I (.60 (0.26, 0.88) Fair
Wang 1 China mortality 11/65 -I:- 0.17 (0.09, 0.28) Good
Zhou, F China mortality 19/137 -, 0.14(0.09,0.21) Fair
Zhu, L China mortality 74 /248 - 0.30(0.24, 0.36) Good
Wang, Y China mortality 34/211 I: 0.16(0.11,0.22) Fair
Cai,Q China severe/critical 8/58 L 0.14 (0.06, 0.25) Fair
Chen, Q China severe/critical 7/43 -I=- 0.16(0.07,0.31) Fair
Chen,Y China severe/critical 03/473 L) 0.20(0.16,0.24) Good
Feng, Y China severe/critical 17 124 - 0.14 (0.08,0.21) Fair
Guan 2 China severe/critical 28/173 I: 0.16(0.11,0.23) Good
Huang, R China severe/critical 8/23 el— 0.35(0.16,0.57) Good
Li, X China severe/critical 527269 o 0.19(0.15,0.25) Good
Mao, L China severe/critical 15/88 * 0.17(0.10,0.27) Fair
Wan 1 China severe/critical 9/40 - 0.22(0.11,0.38) Fair
Wan 2 China severe/critical 5/21 + 0.24(0.08, 0.47) Fair
Wang 2 China severe/critical 10/57 - 0.18(0.09,0.30) Fair
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1
Heterogeneity between groups: p = 0.035 1
Overall (IN2=86.24%, p =0.00); ° 0.24(0.20,0.27)

Proportion

Figure 3. Pooled prevalence proportion of patients with diabetes among patients hospitalized for COVID-19 who experienced
composite outcome (severe disease, admittance to ICU, requirement for IMV, or death), sub-grouped into studies set in Asia
(China and Korea) and those outside of Asia (USA and France).
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Figure 4. Funnel plot for the evaluation of publication bias.

was evaluated through the visual inspection of a funnel plot
and tested using the Begg and Egger test (Fig. 4) [19]. The fun-
nel plot was asymmetrical, indicating that there may be publi-
cation bias. However, the Begg and Egger test for asymmetry
suggests that asymmetry is not significant, with P =0.077.

We investigated the potential of overlapping study popu-
lations, as 40 of the 45 studies were from similar locations,
timeframes, and authors. There was no conclusive overlap, but
the review team identified 29 studies [22-24, 26-28, 30, 31, 33,
34,36-38, 44-57, 59, 61] that could potentially overlap (details
in Table of potentially overlapping study populations (Supple-

Table 2. Putative Prognostic Factors

mentary Material 1, www.jofem.org)). Removing these studies
from the analysis, the primary objective was analyzed using
only the six remaining eligible studies [2, 29, 35, 41, 58, 62].
The pooled measure of association from four studies [2, 35, 41,
58] was an adjusted odds ratio of 1.88 (95% CI 1.29 - 2.74),
and the pooled measure of association from two studies [29,
62] was an adjusted hazard ratio of 1.67 (95% CI 1.32 - 2.10)
(Supplementary Material 1, www.jofem.org). Therefore, even
when excluding potentially overlapping study populations,
the direction and magnitude of the effect remained similar, al-
though CIs increased.

Uncontrolled
hyperglycemia

A retrospective cohort study (n = 570) in the USA investigating blood glucose levels among hospitalized patients
with diabetes for acute hyperglycemia found that there is an association. The study reported that hospitalized

COVID-19 patients with diabetes and/or uncontrolled hyperglycemia had a higher prevalence of mortality as
compared with patients without diabetes or uncontrolled hyperglycaemia [20]. Diabetes was defined as Alc >

Insulin use

Triglyceride and glucose
(TyG) index marker
for insulin resistance

6.5% [20]. Uncontrolled hyperglycemia was defined as > 2 blood glucoses (BGs) > 180 mg/dL within any 24-h
period [20]. However, the CORONADO prospective cohort study with 1,317 COVID-19 patients with diabetes
from 53 hospitals in France, where the HbA1C level of the patients was examined, did not find that long-term
glycemic control impacted the severity of COVID-19 disease within the first 7 days of admission to hospital [5].

A retrospective study of patients with diabetes (n = 136) and those without diabetes (n = 768) with moderate,
severe, or critical COVID-19 in Wuhan, China, noted the use of insulin in patients with diabetes was related
to poor prognosis of COVID-19 clinical course [25]. However, in the CORONADO study, insulin use

was not associated with a severe prognosis (intubation and/or death on day 7) in a multivariable analysis
after adjustment [5]. Insulin use may be a proxy of advanced diabetes in older people with complications
such as chronic kidney disease (CKD), rather than a causal factor of COVID-19 severity [5].

A retrospective study of 151 patients in Wuhan, China, who were admitted to hospital
with moderate to severe COVID-19 found an increasing TyG index to predict
increased odds of severe or mortal outcomes from COVID-19 [39].
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Uncontrolled hyperglycemia, insulin use, and insulin re-
sistance were extracted from the included studies as part of
the exploratory outcome to report putative prognostic factors
in patients with diabetes, who were hospitalized due to COV-
ID-19, and were more likely to experience severe outcomes or
death (Table 2 [5, 20, 25, 39]).

Discussion

Several meta-analyses have reported on the association be-
tween severe COVID-19 and diabetes using crude data ex-
tracted from studies to obtain unadjusted odds ratios and
pooled measures of association. The current rapid review and
meta-analysis pools the within-study adjusted measure of as-
sociation and therefore strengthens the evidence emerging
from the pandemic, revealing the association between diabetes
and severe clinical outcomes if people with pre-existing diabe-
tes become hospitalized due to infection with COVID-19. In
agreement with emerging evidence [6, 10, 64-67], we report
that people hospitalized for COVID-19 with pre-existing dia-
betes have a 1.6 times increased risk or 2-fold increased odds
of experiencing the composite outcome (mortality, admittance
to ICU, requirement for IMV, clinically defined severe or criti-
cal disease). This finding strengthens the evidence of diabe-
tes as a risk factor in patients hospitalized due to COVID-19
and their increased likelihood of developing a severe clinical
course.

As with other similar meta-analyses conducted at this
stage of the pandemic, the majority of studies are from China
[10, 64, 66, 68]. We report the pooled prevalence of diabetes in
COVID-19 patients who experienced the composite outcome
as 24% (95% CI 20-27%). We found that studies, mostly in
China, reported a diabetes prevalence in hospitalized COV-
ID-19 patients with severe clinical course of 21% (95% CI 18-
24%), while in settings outside of China the prevalence was
45% (95% CI 23-68%). However, the CIs were large, there
were few studies outside of Asia, and there was a high level of
heterogeneity, therefore this finding should be interpreted with
caution. Indeed, global distribution of prevalence of diabetes
varies across regions, with China’s prevalence of diabetes in
adults estimated at about 8.8%, whereas a significantly higher
prevalence of diabetes is observed in other regions of the world
where COVID-19 is now present [7]. This potentially indicates
that the burden of a severe COVID-19 clinical course may be
greater in countries outside of Asia with a higher prevalence
of diabetes than those reported thus far in the pandemic. For
instance, in North America, which has a diabetes prevalence of
13% [7], it was recently reported that mortality in patients with
COVID-19 was 12 times higher among those with underlying
conditions such as diabetes and cardiovascular disease [69].
As the epicentre of the pandemic shifts from China to Europe,
the USA, and the rest of the world, there is a definite need
for reviews such as this one to continue updating the current
evidence base to reflect the present reality of the pandemic and
ensure the best possible care for people, who are at higher risk,
especially in countries with a population with a high preva-
lence of diabetes.
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One strength of our meta-analysis is an analysis approach
designed to ensure quality. To this end, we avoided publica-
tions that had not been subjected to external peer review, we
investigated the potential effect of population overlap on the
direction and magnitude of the effect, and thirdly we extracted
and pooled measures of association with within-study adjust-
ments for covariates for the primary objective. The measures
of association adjusted for common covariates within studies,
including age, sex, and comorbidities, that are not accounted
for when using a simple pooling method of crude/unadjusted
measures of association, thereby addressing a common issue
that can arise as a result of the simple pooling approach [70].
We only pooled measures of association from analytical study
designs, not from descriptive study designs, to ensure the out-
comes reported are more likely to represent the patient’s clini-
cal course without missing potential severe outcomes or death
due to follow-up not being of sufficient duration and the pa-
tient still being in hospital at the end of the study period.

One of the benefits of the rapid review approach dur-
ing the pandemic is the ability to identify key evidence gaps
that require further investigation and understanding in order
to answer critical, clinically relevant questions. An evidence
gap identified is the need to identify prognostic risk factors
in people living with diabetes who are more likely to go on to
experience severe clinical course. The identification of prog-
nostic factors would allow for prioritizing earlier dedication
of scarce resources and better risk management. The explora-
tory objective of this review identified glycemic control prior
to hospital admission as a putative prognostic factor that could
be included in future research [20]. While recognizing that we
do not have the strength of evidence to suggest glycemic con-
trol is a risk factor [5], we suggest that clinicians should focus
on good glycemic control in their patients who have diabe-
tes, as this might benefit them should they become infected
with COVID-19. Moreover, concordant studies identified
admission blood glucose level as a major predictor of severe
COVID-19 outcomes in patients with and also without known
diabetes [5, 59, 62]. Dedicated randomized controlled trials are
warranted to determine whether tight glycemic control during
hospitalisation can improve COVID-19 prognosis.

Limitations

This study has several limitations related to the observational
nature of the studies reviewed, including the uncertainty of
participants being assigned to exposure or comparator groups.
In addition, the study was limited to hospitalized patients and
therefore represents the moderate to critical spectrum of COV-
ID-19 disease. We also found that the majority of the stud-
ies did not include information on body mass index (BMI) or
HbA lc before hospitalization. In addition, it is accepted that
retrospective studies make it hard to collect information on
glycemic variability or hypoglycemic treatments during hos-
pitalization (in a usual scenario of hyperglycemia associated
with cytokine storm and/or glucocorticoid treatment). Further-
more, there was a lack of information on type 1 diabetes and
the association with severe COVID-19 clinical course. There
was also a lack of information from studies located outside
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of China. In addition, there is the potential overlap of study
populations, especially those in China that enrolled at the same
time in the same area of Wuhan in Hubei Province. The study
authors of the largest study [62] were contacted twice, but with
no response. As this is a rapid review with the intention of
providing timely information for decision-makers, we have
proceeded without their input.

Conclusions

In summary, this rapid review identifies that people living with
diabetes are more likely to develop severe COVID-19 clinical
course if hospitalized for COVID-19 than people not living
with diabetes. To inform clinical decision-making during the
pandemic, our findings support that people living with diabetes
who are hospitalized for COVID-19 should be prioritized when
triaged as at increased risk for the development of severe clini-
cal course. Clinicians, policymakers, and decision-makers ur-
gently need to be aware that people living with diabetes, if they
become hospitalized due to COVID-19, are at increased risk
of developing COVID-19 severe clinical course (admittance
to ICU for specialized treatment, requirement for IMV, clini-
cally defined severe or critical disease, and/or death). Further
research is needed to strengthen the finding of increased risk of
diabetes with severe COVID-19 outcomes, especially outside
of Asia, and to determine whether these findings also apply to
people living with type 1 diabetes. In addition, the identifica-
tion of prognostic factors in people living with diabetes who
are hospitalized for COVID-19 and who develop severe COV-
ID-19 disease would be hugely valuable in assessing risk with-
in the population of COVID-19 hospitalized diabetes patients.

Supplementary Material

Suppl 1. Supplementary information.
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