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Abstract

Aims/hypothesis Diabetes has been identified as a risk factor for poor prognosis of coronavirus disease-2019 (COVID-19). The
aim of this study is to identify high-risk phenotypes of diabetes associated with COVID-19 severity and death.

Methods This is the first edition of a living systematic review and meta-analysis on observational studies investigating pheno-
types in individuals with diabetes and COVID-19-related death and severity. Four different databases were searched up to 10
October 2020. We used a random effects meta-analysis to calculate summary relative risks (SRR) with 95% CI. The certainty of
evidence was evaluated by the GRADE tool.

Results A total of 22 articles, including 17,687 individuals, met our inclusion criteria. For COVID-19-related death among
individuals with diabetes and COVID-19, there was high to moderate certainty of evidence for associations (SRR [95% CI])
between male sex (1.28 [1.02, 1.61], n=10 studies), older age (>65 years: 3.49 [1.82, 6.69], n =6 studies), pre-existing
comorbidities (cardiovascular disease: 1.56 [1.09, 2.24], n = 8 studies; chronic kidney disease: 1.93 [1.28, 2.90], n = 6 studies;
chronic obstructive pulmonary disease: 1.40 [1.21, 1.62], n =5 studies), diabetes treatment (insulin use: 1.75 [1.01, 3.03], n=5
studies; metformin use: 0.50 [0.28, 0.90], n =4 studies) and blood glucose at admission (>11 mmol/l: 8.60 [2.25, 32.83], n=2
studies). Similar, but generally weaker and less precise associations were observed between risk phenotypes of diabetes and
severity of COVID-19.

Conclusions/interpretation Individuals with a more severe course of diabetes have a poorer prognosis of COVID-19 compared
with individuals with a milder course of disease. To further strengthen the evidence, more studies on this topic that account for

potential confounders are warranted.
Registration PROSPERO registration ID CRD42020193692.

Keywords COVID-19 - Diabetes - Meta-analysis - SARS-CoV-2 - Systematic review

Abbreviations CRP C-reactive protein

ALT Alanine aminotransferase ICU Intensive care unit

AST Aspartate aminotransferase QUIPS Quality In Prognosis Studies
CKD Chronic kidney disease SARS-CoV-2  Severe acute respiratory
COPD Chronic obstructive pulmonary disease syndrome coronavirus-2
COVID-19 Coronavirus disease-2019 SRR Summary relative risks

P4 Sabrina Schlesinger Institute for Clinical Diabetology, German Diabetes Center, Leibniz
sabrina.schlesinger@ddz.de Center for Diabetes Research at Heinrich Heine University
Diisseldorf, Diisseldorf, Germany

Centre for Health and Society, Faculty of Medicine, Heinrich Heine

Institute for Biometrics and Epidemiology, German Diabetes Center, S <
University, Diisseldorf, Germany

Leibniz Center for Diabetes Research at Heinrich Heine University
Diisseldorf, Diisseldorf, Germany > Department of Endocrinology and Diabetology, Medical Faculty and

2 German Center for Diabetes Research (DZD), Partner Diisseldorf; U?iversity Hospital, Heinrich-Heine University,
Diisseldorf, Germany Diisseldorf, Germany

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00125-021-05458-8&domain=pdf
https://orcid.org/0000-0003-4244-0832
https://orcid.org/0000-0001-5761-2225
https://orcid.org/0000-0003-4293-3514
https://orcid.org/0000-0003-3301-5869
https://orcid.org/0000-0002-2050-093X
https://orcid.org/0000-0001-8200-6382
mailto:sabrina.schlesinger@ddz.de

Diabetologia (2021) 64:1480-1491 1481

What is already known about this subject?

e Previous studies have identified diabetes as an independent risk factor for poor prognosis of coronavirus
disease-2019 (COVID-19)

e Diabetes is a complex disease with different degrees of severity
What is the key question?

e Using a systematic review and meta-analysis, which risk phenotypes among individuals with diabetes and
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection are found to be associated with
COVID-19-related death or severity?

What are the new findings?

e  For death associated with COVID-19 in individuals with diabetes, there was high to moderate certainty of
evidence for associations between male sex, older age (>65 years), pre-existing comorbidities
(cardiovascular disease, chronic kidney disease and chronic obstructive pulmonary disease), diabetes
treatment (for insulin use and [inverse association] for metformin use) and high blood glucose at admission

e  For severity of COVID-19, similar associations were observed, but, in general, the effect estimates were
weaker and less precisely estimated

e The identified risk factors can be seen as indicators for severity of diabetes or for an overall poor health
status

How might this impact on clinical practice in the foreseeable future?

e These findings can be helpful for identifying individuals with diabetes and SARS-CoV-2 infection who might
be at higher risk for high COVID-19 severity or death from COVID-19. For some associations, such as those
between COVID-19 severity/death and diabetes-specific risk factors (e.g., diabetes type, diabetes duration,
HbA level, different glucose-lowering medications) or laboratory markers (e.g., C-reactive protein, liver
enzymes [alanine aminotransferase and aspartate aminotransferase]), only few studies were available for the
analysis and more studies accounting for important confounders are warranted to strengthen the evidence

Introduction

The WHO declared coronavirus disease-2019 (COVID-19), a
disease caused by the severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), a global pandemic [1]. As of the
5 November 2020, more than 48.1 million cases of SARS-CoV-
2 infections and more than 1.2 million deaths have been reported
worldwide [2]. Among other concomitant medical conditions
(e.g., underlying CVD, respiratory diseases, hypertension and
obesity), diabetes has been identified as a risk factor for poor
prognosis among individuals with COVID-19 [3—6]. Several
systematic reviews and meta-analyses on diabetes and COVID-
19 prognosis have observed an approximately two- to threefold
increased risk of mortality due to COVID-19 for people with
diabetes compared with people without diabetes [6—14].
However, diabetes is a complex and heterogeneous disease
and recent studies have found that there are differences in asso-
ciations of specific phenotypes of diabetes with comorbidities
and complications [15]. Regarding COVID-19, phenotypes relat-
ed to more severe forms of diabetes, such as uncontrolled blood
glucose, the presence of diabetes-related complications, a higher

BMI, elevated biomarkers for liver damage and inflammation,
are linked to early death, endotracheal intubations or admission
to intensive care units (ICUs) [16-18]. However, some of the
findings are still conflicting, imprecisely estimated or affected by
risk of bias, such as confounding. Thus, findings from single
studies are difficult to translate to clinical practice. To provide
the best available evidence for the identification of risk pheno-
types of diabetes in association with COVID-19 severity and
death, a systematic review and meta-analysis is needed that
summarises the findings, reveals more robust estimates,
considers risk of bias and evaluates the certainty of evidence.
Therefore, we are conducting a living systematic review and
meta-analysis on the associations between phenotypes of diabe-
tes and confirmed SARS-CoV-2 infection with relation to
COVID-19 death and severity.

Methods

Search strategy and selection criteria This is the first edition
of a living systematic review and meta-analysis, which was
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conducted and reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement [19]. We plan to update the living review frequent-
ly, as long as relevant evidence on this topic becomes avail-
able. We searched PubMed (https://pubmed.ncbi.nlm.nih.
gov), Web of Science (www.webofknowledge.com),
Epistemonikos (www.epistemonikos.org) and the COVID-
19 Research Database (WHO) (https://search.bvsalud.org/
global-literature-on-novel-coronavirus-2019-ncov). A
protocol was prospectively registered on PROSPERO
(CRD42020193692). The literature search was conducted
from inception up to 14 August 2020 by using predefined
search terms (see electronic supplementary material (ESM)
Table 1). To identify studies that were published after the last
update, we continuously searched PubMed using the e-mail
alert service, which was based on our search terms described
above. The last update was on 10 October 2020. We did not
apply any restrictions or filters. The screening of the studies
was performed by two independent researchers (AL, MN) and
any discrepancies were resolved by discussion with two other
researchers (CH, SS). Titles and abstracts were scanned
according to the predefined inclusion and exclusion criteria
(see below) and potentially relevant full texts were assessed
for eligibility. Reference lists of included studies and relevant
systematic reviews on this topic were screened for further
relevant studies.

We included studies of any design that reported risk esti-
mates (HR, RR or OR with 95% CI) for associations between
phenotypes (general characteristics of individuals, diabetes-
specific characteristics, presence of diabetes-related complica-
tions or underlying comorbidities, and laboratory parameters)
and death and severity of COVID-19 in individuals with diabe-
tes and WHO-defined confirmed SARS-CoV-2 infection [20].
Severity of COVID-19 was defined as a composite endpoint,
including death, endotracheal intubation for mechanical venti-
lation, acute respiratory distress syndrome, septic shock, ICU
admission, multiple organ dysfunction or failure, or hospital
admission. Studies without primary clinical data (including
modelling studies), editorials, letters, commentaries, reviews,
articles not in English and guidelines were excluded. If studies
on the same cohort/data were identified, we selected the study
with the largest number of cases. Studies with mixed popula-
tions (including individuals without diabetes or without
COVID-19) were excluded [21-23]. We successfully contacted
study authors and received missing data or corrections for
implausible data [16, 17, 24-27] and, thus, no study had to be
excluded due to missing data. As the authors of one report did
not reply to our request [28], we assumed that in statistical
analyses of continuous measures, the variable was investigated
as per 1 unit increase.

Data extraction and risk of bias assessment One investigator
extracted relevant data using a pre-piloted form and another
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investigator double-checked it for accuracy (AL, MN). Any
discrepancies were discussed and resolved by discussion with
a third researcher (SS). The extracted data of interest are listed
in ESM Table 2.

Three researchers (AL, MN, SS) independently assessed
the risk of bias of included studies in pairs of two by applying
the validated Cochrane tool, Quality In Prognosis Studies
(QUIPS) [29]. Any discrepancies were resolved by discus-
sion. The tool includes the following six domains: study
participation, study attrition, prognostic factor measurements,
outcome measurements, study confounding and statistical
analysis/reporting (see ESM Methods and ESM Table 3 for
more details).

Data analysis For similar exposures (with similar reference
groups [e.g., men vs women; obese vs normal weight; use of
insulin: yes vs no; pre-existing comorbidities: yes vs no]),
meta-analyses were conducted separately for the two
outcomes: death and severity. We calculated summary RRs
(SRR) and 95% Cls using DerSimonian and Laird random
effects models and F* statistic to assess statistical heterogene-
ity. Publication bias was assessed by visual inspection of the
funnel plots and applying Egger’s test if more than ten studies
were identified for one association [30]. To explore the influ-
ence of potential confounding, we conducted stratified analy-
sis by adjustment for important confounders (low/moderate
risk vs high risk of bias in the confounding domain of the
QUIPS tool). We defined low risk of bias as inclusion of a
minimal adjustment set in the statistical analysis (including
age, sex, BMI, at least one comorbid condition), moderate if
one of the aforementioned confounders was missing, and high
if more than one of the aforementioned confounders was miss-
ing and/or univariate analyses were conducted. Since it has
been shown that the 95% Cls derived from the DerSimonian
and Laird method can provide false-positive findings when
summarising few studies with small sample sizes, we conduct-
ed a sensitivity analysis by calculating the 95% Cls derived
from the Hartung-Knapp-Sidik-Jonkman method, which has
been shown to result in more adequate error rates than the
DerSimonian and Laird method [31]. All statistical analyses
were conducted with Stata software version 15.1 (Stata
Corporation, College Station, TX, USA).

Certainty of evidence Certainty of evidence of pooled associ-
ations was evaluated by two authors independently (MN, SS)
using the GRADE tool [32]. Discrepancies were resolved by
discussion. The tool covers the following aspects: study
design, risk of bias, imprecision, inconsistency, indirectness,
publication bias, the magnitude of effects, dose-response rela-
tions and the impact of residual confounding. The certainty of
evidence could be rated as high, moderate, low or very low.
The certainty of evidence is described as the ‘extent of the
confidence that a risk estimate of an association is correct or
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is adequate with the aim to support a particular decision or
recommendation’ [33]. A high certainty of evidence means
that it is very unlikely that the inclusion of future studies will
change the effect estimate, whereas a very low certainty of
evidence means that it is very likely that the inclusion of future
studies will change the results.

Results

Literature search and characteristics of included studies In
total, 4150 records were identified from the databases. After
exclusion of duplicates, the titles and abstracts from 2546
articles were screened and, out of these, 213 articles were read
in full length. Five relevant articles were identified from the
PubMed e-mail alert service. In total, 22 articles [16—18,
24-28, 34-47] were included (Fig. 1). The number of people
(with diabetes and COVID-19) ranged from 29 (smallest
study) to 9460 (largest study). In total, our systematic review
included 17,687 individuals. The reasons for exclusion of
studies are provided in ESM Table 4. Most of the studies
(n=14) were conducted in Asia (China, n = 8; South Korea,
n=3; Singapore, n=1; Iran, n=1; Isracl n=1), whilst five
studies were conducted in North America (USA, n=4;
Mexico, n=1) and three studies in Europe (France, n=1;

4150 Records identified in total:
1799 Records identified on PubMed
1257 Records identified on Web of Science
336 Records identified on Epistemonikos
758 Records identified on COVID-19 research database

1604 Duplicates removed
2333 Excluded based on title or abstract

213 Full-text articles considered for inclusion

196 Articles excluded:

52 Notrelevant population/not relevant
comparison

18 Notrelevant data

47 No risk estimates

52 Abstract/letter/editorial/comment/protocol
23 Review/meta-analysis

2 Notin English

2 Duplicate cohort

| 5 Studies identified/included via PubMed alert |

v
22 Publications

Fig. 1 Flow chart of the literature search

Italy, n=1; Spain, n=1). The majority of the studies were
conducted in the hospital setting and used data from
hospital-based records, with a few exceptions: one study
included data from a national registry [17] and two used data
from health insurance records [40, 41]. Type of diabetes was
not specified in n =13 studies, n=5 studies only included
individuals with type 2 diabetes and n =4 studies focused on
both type 1 and type 2 diabetes. The characteristics of the
studies are shown in Table 1 and more detailed information
about the setting, the identified exposures and considered
confounders in each study is shown in ESM Table 5. Risk
of bias was low in n =6 studies, moderate in n =8 studies
and high in n =8 studies (ESM Fig. 1). The main reason for
high risk of bias was insufficient adjustment for confounding
factors and/or inappropriate statistical analysis and reporting
of the findings (ESM Fig. 2).

General risk factors and COVID-19-related death and COVID-
19 severity in individuals with diabetes and COVID-19 There
is high certainty of evidence that male sex compared with
female sex was associated with increased risk of COVID-
19-related death (SRR 1.28 [95% CI 1.02, 1.61]; n =10 stud-
ies) and COVID-19 severity (SRR 1.36 [95% CI 1.13, 1.64];
n = 11 studies) in individuals with diabetes and COVID-19. In
addition, older age (>65 years) was associated with higher risk
of COVID-19-related death (SRR 3.49 [95% CI 1.82, 6.69];
n =6 studies; moderate certainty of evidence) and with
COVID-19 severity (SRR 1.67 [95% CI 1.00; 2.76]; n=6
studies; low certainty of evidence). With each 5 year increase
in age, the relative risk for COVID-19-related death increased
by 43% (95% C1 12%, 83%; n =5 studies) and for severity by
25% (95% CI 11%, 40%; n =17 studies), both with moderate
certainty of evidence. There were no clear associations
between smoking, being overweight and being obese with risk
of COVID-19-related death or COVID-19 severity (certainty
of evidence ranged from very low to moderate) (Figs 2, 3,
ESM Table 6 and ESM Table 7).

Diabetes-specific risk factors and COVID-19-related death and
COVID-19 severity in individuals with diabetes and COVID-19
Only a few studies investigated diabetes-specific factors related
to COVID-19; thus the estimates were mostly imprecisely esti-
mated and certainty of evidence was mainly low or very low. No
association was observed between HbA . and risk of COVID-
19-related death or severity of COVID-19. Higher blood glucose
at admission was associated with increased risk of COVID-19-
related death and severity. The strongest associations were
observed for blood glucose levels >11 mmol/l at admission and
death (SRR 8.60 [95% CI 2.25, 32.83]; n =2 studies; moderate
certainty of evidence). With each 1 mmol/l increase in blood
glucose at admission, the relative risk for COVID-19-related
death and severity of COVID-19 increased by 10% (death:
10% [95% CI 5%, 16%], n =2 studies; severity: 10% [95% CI
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4%, 16%], n=3 studies; low certainty of evidence for both).
Participants with chronic insulin use compared with non-users
of insulin had a higher relative risk of dying (SRR 1.75 [95% CI
1.01, 3.03]; n=>5 studies; high certainty of evidence), while
participants using metformin compared with non-users of
metformin were at lower relative risk of dying (SRR 0.50
[95% CI 0.28, 0.90]; n=4 studies; moderate certainty of
evidence) (Figs 2, 3, ESM Table 6 and ESM Table 7).

Comorbidities, complications and medication use and COVID-
19-related death and COVID-19 severity in individuals with
diabetes and COVID-19 Chronic obstructive pulmonary
disease (COPD) was associated with increased risk of
COVID-19-related death (SRR 1.40 [1.21, 1.62]; n=5 stud-
ies) and COVID-19 severity (SRR 1.36 [95% CI 1.11, 1.66];
n =6 studies), both graded as high certainty of evidence.
Moderate certainty of evidence was observed for associations
between total CVD (SRR 1.56 [95% CI 1.09, 2.24]; n=8
studies) and chronic kidney disease (CKD; SRR 1.93 [95%
CI 1.28, 2.90]; n=6 studies) with COVID-19-related death,
and low certainty of evidence was observed for associations
between cerebrovascular diseases and death (SRR 2.11 [95%
CI 1.36, 3.26]; n =2 studies). In general, the associations for
these comorbidities and complications were weaker for
COVID-19 severity and imprecisely estimated, with the
exception of COPD.

No clear associations could be observed for hypertension,
cancer (type not specified), any comorbidity, liver disease,
dementia, statin use and renin inhibitor use (including ACE
inhibitors, angiotensin II receptor blockers [ARBs] and non-
specified renin—angiotensin system [RAS] inhibitors) before
admission with COVID-19 severity and/or COVID-19-related
death (certainty of evidence very low to moderate). (Figs 2, 3,
ESM Table 6 and ESM Table 7).

Laboratory parameters on admission and COVID-19-related
death and COVID-19 severity in individuals with diabetes
and COVID-19 There was an association of white blood cell
and neutrophil counts with elevated relative risk of
COVID-19-related death and COVID-19 severity (low
to very low certainty of evidence), and for creatinine
with COVID-19 severity (moderate certainty of
evidence). Lymphocyte count (per 1x10°/1) was
inversely associated with both outcomes (death: SRR
0.28 [95% CI 0.09, 0.87], n=4 studies, low certainty
of evidence; severity: SRR 0.33 [95% CI 0.14, 0.79],
n=4 studies, moderate certainty of evidence). For C-
reactive protein (CRP), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), lactate dehydrogenase
(LDH) and albumin, associations were imprecisely esti-
mated and certainty of evidence was very low (Figs 2,
3, ESM Table 6 and ESM Table 7).

@ Springer

Subgroup analysis, heterogeneity, publication bias and sensi-
tivity analysis For each association, meta-analyses were strat-
ified by low/moderate vs high risk of bias due to confounding
(ESM Fig. 3—41). Apparently, but imprecisely estimated,
stronger associations were observed for older age
(>65 years; ESM Fig. 4) and CKD (ESM Fig. 25) with
COVID-19-related death in studies with high risk vs low/
moderate risk of bias due to confounding (SRR [95%] for
between studies for age > 65 years: 3.63 [0.86, 15.29], Pvetween
studies = 0.07; SRR [95%] for between studies for CKD: 2.53
[0.93, 6.88], Poetween studies = 0-00). In general, heterogeneity
was higher for severity than for COVID-19-related death (Figs
2, 3), which could be explained by the inclusion of different
criteria for severity and for outcomes as a composite outcome.
In addition, we identified high heterogeneity especially for the
laboratory findings, which is likely due to different analytical
methods and reference ranges.

Publication bias was only examined for male sex (>10
studies), and publication bias was not observed for COVID-
19-related death or COVID-19 severity (ESM Fig. 42).

In a sensitivity analysis, we calculated the 95% Cls by apply-
ing the Hartung-Knapp-Sidik-Jonkman method. In general, the
findings were comparable. The discrepancies were mainly
observed for meta-analyses based on few numbers of primary
studies (7 <5; ESM Table 8 and ESM Table 9).

Discussion

In our living systematic review and meta-analysis, we
summarised the current knowledge on associations between
phenotypes of individuals with diabetes and confirmed
SARS-CoV-2 infection regarding COVID-19-related death
and COVID-19 severity and evaluated their certainty of
evidence. Moderate to high certainty of evidence for higher
risk of COVID-19-related death was observed for male sex,
older age, CVD, CKD, COPD, high plasma blood glucose at
admission and chronic insulin use. Metformin use was
inversely associated with death. For COVID-19 severity,
similar associations were observed in general, but estimates
were lower and less precise.

Older age, male sex, obesity, hypertension, chronic pulmo-
nary diseases, CVD, active cancer [3—6, 21], laboratory
parameters (e.g. low lymphocyte count, and elevations in
CRP, ALT and AST) [48] have been linked to a poor progno-
sis of COVID-19 in the general population infected with
SARS-CoV-2. These risk factors among the general popula-
tion are in line with the risk factors we identified in the diabe-
tes populations, with some exceptions. Interestingly, we did
not observe a positive association for obesity or hypertension
with COVID-19 severity or death in people with diabetes and
COVID-19. In addition, higher white blood cell (leucocyte)
and neutrophil counts and lower lymphocyte counts also
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Risk Number of Certainty of
factors studies SRR (95% CI) ~ [?* evidence
General risk factors
Men vs women 10 - 1.28 (1.02, 1.61) 28 High
Age, 265 vs <65 years 6 —_—— 3.49 (1.82,6.69) 74 Moderate
Age, per 5 years 5 --- 1.43 (1.12,1.83) 84 Moderate
Current smoking vs non smoking 3 | 0.91(0.79,1.06) 0 Moderate
Overweight vs normal weight 2 - 0.72(0.45,1.16) 0 Very Low
Obesity vs normal weight 4 - 1.06 (0.76, 1.49) 46 Very Low
Diabetes-specific risk factors
Type 2 vs type 1 diabetes 2 R B g 1.65(0.64,4.26) 0 VeryLow
Diabetes duration, per 5 years 2 > 1.06 (0.94,1.20) 0 VeryLow
HbA,, 53-75 vs <53 mmol/mol (7-9 vs <7%) 2 —— 1.08 (0.57,2.06) 34 VeryLow
HbA,, >75 vs <53 mmol/mol (>9 vs 7%) 2 —_— 0.95(0.50,1.79) 0 VeryLow
HbA,, per 20 mmol/mol (per 1%) 4 > 1.04 (0.80,1.35) 0 Low
Blood glucose at admission, 6-11 vs <6 mmol/l 2 e 2,76 (0.56, 13.51) 0 Low
Blood glucose at admission, 211 vs <6 mmol/l 2 —ep—3 8.60 (2.25, 32.83) 0 Moderate
Blood glucose at admission, per 1 mmol/l 2 | 2 1.10(1.05,1.16) 0 Low
Poorly controlled® 1 ——y  7.69 (2.32, 25.52) - Moderate
Use of metformin, yes vs no 4 —— 0.50 (0.28,0.90) 33 Moderate
Use of DPP-4 inhibitors, yes vs no 2 —— 0.90 (0.59,1.36) 0 VeryLow
Use of sulfonylurea/glinide 2 —— 0.73(0.49,1.09) 0 VeryLow
Use of insulin, yes vs no 5 —o— 1.75(1.01, 3.03) 48 High
Comorbidities and complications
Hypertension, yes vs no 8 —_= 1.09 (0.77,1.53) 41 Very Low
CVD, yes vs no 8 —— 1.56 (1.09, 2.24) 70 Moderate
Cerebrovascular disease, yes vs no 2 —— 2.11(1.36,3.26) 0 Low
CKD, yes vs no 6 —— 1.93 (1.28,2.90) 81 Moderate
COPD, yes vs no 5 <> 1.40 (1.21,1.62) 0 High
Cancer, yes vs no 3 +—— 1.54 (0.94,2.51) 0 Moderate
Any comorbidity, yes vs no 2 —_— 0.94 (0.45,1.98) 42 Very Low
Other medication use
Use of renin inhibitors, yes vs no® —— 1.04 (0.64,1.68) 0 Low
Use of statins, yes vs no —_— 1.38 (0.71,2.66) 24 VeryLow
Laboratory parameters on admission
Albumin, per 5 g/l 2 —— 0.27 (0.04,1.83) 96 VeryLow
CRP, per 10 mg/I 3 <= 1.18 (0.98, 1.42) 52 Very Low
Creatinine, per 10 ymol/l 3 > 1.09 (0.97,1.22) 90 Very Low
AST, per 5 U/l 2 —t—— 1.50 (0.73,3.08) 95 Very Low
ALT, per 5 U/l 2 > 1.08 (0.93,1.25) 46 Very Low
LDH, per 10 U/l 2 » 1.10 (0.90, 1.34) 92 Very Low
White blood cell count, per 1x10%/1 3 S g 1.33(1.12,1.57) 74 Very Low
Neutrophils, per 1x10%1 3 * 1.24 (1.17,1.32) 29 Low
Lymphocyte count, per 1x10%I 4 —— 0.28 (0.09,0.87) 88 Low

[ | L

0.1 0.2

Fig. 2 Prognostic factors and COVID-19-associated death in individuals
with diabetes and COVID-19. “Poorly controlled blood glucose was
defined as when the lowest fasting blood glucose was >3.9 mmol/l and
the highest 2 h plasma glucose level exceeded 10.0 mmol/l during the

increased the relative risk for COVID-19-related death and
COVID-19 severity in our meta-analyses. Nevertheless, we
observed no clear associations for CRP (the most frequently
measured biomarker of inflammation) or for liver enzymes
(ALT, AST). However, only two to four primary studies in
our meta-analyses included these biomarkers, and the certain-
ty of evidence was low or very low, meaning that it is likely or
very likely that further studies might change the results.
Interestingly, findings from a large representative study in
England indicated that higher HbA |, was associated with poor
prognosis of COVID-19 in individuals with diabetes: the RR

05 1 2 4 8 16

SRR (95% CI)

observation window. °Renin inhibitors included ACE inhibitors, angio-
tensin II receptor blockers (ARBs) and non-specified renin—angiotensin
system (RAS) inhibitors. DPP4, dipeptidyl peptidase-4; LDH, lactate
dehydrogenase

(95% CI) for HbA ;. < 7.5% (<58.5 mmol/mol) and death was
1.31(1.24, 1.37), and for HbA . >7.5% (>58.5 mmol/mol), it
was 1.95 (1.83, 2.08) compared with individuals without
diabetes [20]. In another population-based study of partici-
pants with diabetes (but not all with SARS-CoV-2 diagnosis),
associations between HbA . levels and death related to
COVID-19 was less clear [23], which is comparable with
our findings. Only at HbA. values of >10% (>85.8 mmol/
mol) was a clear association observed (RR 2.23 [95% CI 1.50,
3.30]) compared with individuals with HbA . values between
6.5% (47.5 mmol/mol) and 7% (53 mmol/mol).

@ Springer
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Risk Number of Certainty of
factors studies SRR (95% ClI) [?  evidence
General risk factors
Men vs women 11 - 1.36 (1.13,1.64) 28 High
Age, 265 vs <65 years 6 —— 1.67 (1.00,2.76) 85 Low
Age, per 5 year 7 ¢ 1.25(1.11,1.40) 55 Moderate
Current smoking vs non smoking 4 - 1.31(0.78,2.19) 56 Verylow
Overweight vs normal weight 2 —— 1.34(0.96,1.87) 0 Low
Obesity vs normal weight 5 B 1.31(0.94,1.84) 64 Low
Diabetes-specific risk factors
Diabetes duration, per 5 years 2 X 3 1.00(0.93,1.08) 0 Verylow
HbA,, 53-75 vs <563 mmol/mol (7-9 vs <7%) 3 —_——— 1.33(0.66,2.67) 75 Low
HbA,, >75 vs <53 mmol/mol (>9 vs 7%) 3 —_——— 1.40(0.59,3.31) 73 Verylow
HbA,, per 20 mmol/mol (per 1%) 5 —— 0.96 (0.61,1.52) 44 Very low
Blood glucose at admission, 6-11 vs <6mmol/l 2 ———— 1.69(0.53,5.45) 0 Verylow
Blood glucose at admission, 211 vs <6mmol/l 2 ——— 3.94 (1.58,9.87) 9 Moderate
Blood glucose at admission, per 1 mmol/l 3 | 1.10(1.04,1.16) 0 Low
Poorly controlled” 1 —— 244 (1.50,3.96) -  Moderate
Use of metformin, yes vs no 6 —_—— 0.61(0.29, 1.27) 68 Verylow
Use of DPP-4 inhibitors, yes vs no 4 —_—— 0.97 (0.50,1.87) 50 Very low
Use of sulfonylurea/glinide, yes vs no 3 —_——— 1.74 (0.71,4.25) 64 Verylow
Use of a-glucosidase inhibitors, yes vs no 2 ¢ < 0.43(0.09,2.09) 65 Verylow
Use of insulin, yes vs no 6 —— 1.75(0.98,3.12) 70 Verylow
Comorbidities and complications
Hypertension, yes vs no 9 = 1.16 (0.94,1.44) 30 Very low
CVD, yes vs no 8 -0— 1.28 (1.00, 1.65) 56 Low
Cerebrovascular disease, yes vs no 4 =~ 0.97(0.68,1.37) 0 Verylow
Ischaemic heart disease, yes vs no 2 —_—— 0.83(0.39,1.77) 47 Verylow
Heart failure, yes vs no 2 < 2.01(0.43,9.36) 68 Low
Liver disease, yes vs no 2 —— 1.21(0.80,1.83) 0 Verylow
CKD, yes vs no 6 == 1.44 (0.96,2.15) 83 Low
COPD, yes vs no 6 - 1.36 (1.11,1.66) 19 High
Cancer, yes vs no 4 0= 1.17(0.86,1.59) 0 Verylow
Dementia, yes vs no 2 — 0.41(0.09,1.76) 0 Verylow
Other medication use
Use of renin inhibitors, yes vs no® 6 == 0.75(0.50, 1.14) 53 Moderate
Use of statins, yes vs no 3 1.01(0.31,3.30) 57 Verylow
Laboratory parameters on admission
Albumin, per 5 g/l 2 — 1 0.26 (0.05,1.40) 96 Very low
CRP, per 10 mg/I 4 0= 1.25(0.96, 1.63) 64 Verylow
Creatinine, per 10 pmol/I 3 . 1.14 (1.05, 1.23) 45 Moderate
AST, per 5 U/l 2 —_——— 1.50 (0.73,3.08) 95 Verylow
ALT, per 5 U/l 2 »> 1.06 (0.92,1.22) 67 Verylow
LDH, per 10 U/I 2 - 1.10(0.90, 1.34) 92 Very low
White blood cell count, per 1x10%/ 3 > 1.21(1.04,1.40) 74 Low
Neutrophils, per 1x10% 3 * 1.22(1.16,128) 0 Low
Lymphocyte count, per 1x10% 4 —_—— 0.33(0.14,0.79) 86 Moderate

| | | I I
0102 05 1 2 4 8 16

Fig. 3 Prognostic factors and severity of COVID-19 in individuals with
diabetes and COVID-19. Severity is defined as a composite endpoint
including death, tracheal intubation for mechanical ventilation, acute
respiratory distress syndrome, septic shock, intensive care unit admission,
multiple organ dysfunction or failure, or hospital admission. *Poorly
controlled blood glucose defined as when the lowest fasting blood

Furthermore, high blood glucose at admission has been
shown to be a marker for poor prognosis of COVID-19, even
in individuals without pre-existing diabetes [49]. One study

@ Springer

SRR (95% Cl)

glucose was >3.9 mmol/l and the highest 2 h plasma glucose level
exceeded 10.0 mmol/l during the observation window. *Renin inhibitors
included ACE inhibitors, angiotensin II receptor blockers (ARBs) and
non-specified renin—angiotensin system (RAS) inhibitors. DPP4,
dipeptidyl peptidase-4; LDH, lactate dehydrogenase

reported that individuals with well-controlled diabetes had a
better prognosis of COVID-19 compared with individuals
with poorly controlled diabetes [47]. In our meta-analysis,
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higher blood glucose at admission was also associated with
worse prognosis of COVID-19. The certainty of evidence was
very low to moderate because of the limited number of orig-
inal studies.

Regarding glucose-lowering medication, chronic insulin
use was associated with higher risk of COVID-19-related
death, while metformin use was associated with lower risk.
We speculate that it is not the treatment, per se, that is associ-
ated with prognosis of COVID-19, but rather that it represents
an indicator of severity of diabetes. Unfortunately, our meta-
analyses did not allow for stratification by diabetes severity or
duration. We could also not stratify our meta-analyses by
diabetes type.

Nevertheless, we observed a higher relative risk for
COVID-19-related death when comparing type 2 with type
1 diabetes, but the findings were not statistically significant
and only based on two studies and, thus, certainty of evidence
was very low. On the contrary, a large population-based study
from England indicated that, when compared with individuals
without diabetes, individuals with type 1 diabetes had a worse
prognosis than individuals with type 2 diabetes [22]. Holman
et al. showed in their study (which included participants with
diabetes but not all with SARS-CoV-2 infection) that age, sex,
hypertension, obesity and comorbidities were associated with
COVID-19-related death for both type 1 and type 2 diabetes
[23]. Moreover, in these population-based studies, socioeco-
nomic deprivation was associated with COVID-19-related
death [21, 23]; we could not investigate associations with
socioeconomic deprivation in our meta-analysis because these
data were not available from the primary studies included.

After our last update, eligible studies providing important
data have been published on this topic, such as the report from
McGurnaghan et al., which covered the whole Scottish popu-
lation, including individuals with diabetes [50]. In general, the
data support our findings but provide new insights on further
risk factors not included in our study. For example, a higher
level of deprivation, any admission due to diabetic ketoacidosis
or hypoglycaemia in the previous 5 years, pre-existing immune
diseases, use of immunosuppressants and evidence for retinop-
athy were all associated with severity of COVID-19.

Taken together, the risk group we identified for the popu-
lation with diabetes and COVID-19, i.e. older individuals with
comorbid conditions and using insulin, might simply reflect
severity of diabetes or poor health conditions per se.
Nevertheless, considering these phenotypes can be helpful
for identifying people with diabetes and COVID-19 at high
risk for poor outcomes and, therefore, those most likely to
require early intensified treatment.

The strengths of our report include the comprehensive liter-
ature search that used four different databases, the assessment
of risk of bias of the primary studies using a validated tool, the
consideration of risk of bias due to confounding in our analy-
sis and the assessment of the certainty of evidence by

following the GRADE approach. In addition, our living
review will be updated continuously and provide information
regarding the best evidence on prognosis of COVID-19
among individuals with diabetes.

Our study has a number of limitations. First, there was a
low number of primary studies for some of the associations
assessed, including diabetes-specific factors (e.g. diabetes
duration, HbA ., use of specific glucose-lowering medica-
tions), certain comorbidities (e.g. cancer, liver disease, and
dementia) and laboratory parameters at admission (e.g. CRP,
differential blood cell count, liver enzymes). For these associ-
ations, the certainty of evidence was mainly graded as low or
very low, reflecting that future research might change the
findings. Second, the risk of bias was high for eight studies
(36% of the studies included), mainly due to insufficient
adjustment of important confounders. However, we stratified
our meta-analyses by risk of bias due to confounding and the
overall findings were robust, with two exceptions; older age
and CKD were more strongly associated with COVID-19-
related death in studies with high risk of bias compared with
studies with low or moderate risk of bias due to confounding.
Third, it was not possible to conduct stratified analyses by
study design, data collection and diabetes type. Fourth, the
primary studies did not account for possible specific treatment
of COVID-19. Fifth, a general question remains as to whether
deceased participants died with or due to COVID-19. Finally,
these findings cannot be generalised to all individuals with
diabetes infected with SARS-CoV-2 because only individuals
with the more severe form of COVID-19 are included in the
primary studies and the majority of the studies were conducted
in the hospital setting.

In conclusion, our living systemic review and meta-analysis
provides the best current evidence on associations between
phenotypes of individuals with diabetes and confirmed
SARS-CoV-2 and COVID-19-related death and severity of
COVID-19. Male sex, older age and pre-existing comorbidities
(CVD, CKD and COPD), as well as the use of insulin, most of
which are potential indicators for a more progressive course of
diabetes, were associated with increased risk of COVID-19-
related death and severity in individuals with diabetes and
SARS-CoV-2, whereas metformin use had associations in the
opposite direction. To strengthen the evidence, more primary
studies investigating diabetes-specific risk factors, e.g. type and
duration of diabetes or additional comorbidities (such as liver
disease and neuropathy), and accounting for important
confounders, are needed. We will continuously update this
report to strengthen the evidence of already examined associa-
tions and to investigate further outcomes, such as long-term
complications due to COVID-19 for individuals with diabetes.

Supplementary Information The online version contains peer-reviewed
but unedited supplementary material available at https://doi.org/10.1007/
s00125-021-05458-8.
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