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ARTICLE HIGHLIGHTS

» We first quantified the disease burden of COVID-19 attributable to diabetes.

* Prevalence of diabetes increases as the severity of COVID-19 increases.

¢ Diabetes accounts for 9.5% of severe COVID-19 cases and 16.8% of deaths.

» Countries with a high background prevalence of diabetes or prediabetes have a high PAF of diabetes for
COVID-19.
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BACKGROUND
COVID-19 and diabetes both contribute to large global disease burdens.

PURPOSE

To quantify the prevalence of diabetes in various COVID-19 disease stages and calcu-
late the population attributable fraction (PAF) of diabetes to COVID-19-related se-
verity and mortality.

DATA SOURCES
Systematic review identified 729 studies with 29,874,938 COVID-19 patients.

STUDY SELECTION

Studies detailed the prevalence of diabetes in subjects with known COVID-19 di-
agnosis and severity.

DATA EXTRACTION
Study information, COVID-19 disease stages, and diabetes prevalence were extracted.

DATA SYNTHESIS

The pooled prevalence of diabetes in stratified COVID-19 groups was 14.7% (95% CI
12.5-16.9) among confirmed cases, 10.4% (7.6-13.6) among nonhospitalized cases,
21.4% (20.4-22.5) among hospitalized cases, 11.9% (10.2-13.7) among nonsevere cases,
28.9% (27.0-30.8) among severe cases, and 34.6% (32.8-36.5) among deceased individu-
als, respectively. Multivariate metaregression analysis explained 53-83% heterogeneity
of the pooled prevalence. Based on a modified version of the comparative risk assess-
ment model, we estimated that the overall PAF of diabetes was 9.5% (7.3—11.7) for the
presence of severe disease in COVID-19-infected individuals and 16.8% (14.8-18.8) for
COVID-19-related deaths. Subgroup analyses demonstrated that countries with high in-
come levels, high health care access and quality index, and low diabetes disease burden
had lower PAF of diabetes contributing to COVID-19 severity and death.

LIMITATIONS
Most studies had a high risk of bias.

CONCLUSIONS

The prevalence of diabetes increases with COVID-19 severity, and diabetes accounts
for 9.5% of severe COVID-19 cases and 16.8% of deaths, with disparities according to
country income, health care access and quality index, and diabetes disease burden.
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As of 5 October 2022, the COVID-19 pan-
demic has infected >619 million people
and claimed >6.6 million lives worldwide
(1). Barely 1 month after the first re-
ported COVID-19 case in December 2019,
diabetes had been identified as a key pre-
dictor of poor prognosis in people with
COVID-19 (2,3). In various viral pandemics
over the past decades, people living with
diabetes have consistently demonstrated
a markedly greater risk of severe disease
outcomes than otherwise. For instance,
during the 2003 severe acute respiratory
syndrome (SARS) pandemic, diabetes and
hyperglycemia were key contributors to
SARS-related mortality (4). During the
2009 influenza A (H1N1) pandemic, flu
patients with diabetes had a threefold
higher risk of hospitalization and a four-
fold higher risk of intensive care unit ad-
mission than flu patients without diabetes
(5). Similarly, during the 2012 Middle East
respiratory syndrome coronavirus (MERS-
CoV) outbreaks, the infected patients with
diabetes demonstrated far more clinical
complications and a significantly higher
chance of death (6). However, none of
these past pandemics achieved a level of
global transmission and mortality compa-
rable to that of COVID-19. Despite some
having brought global emergencies, these
epidemics also were eventually subdued
and disappeared. In comparison, COVID-19
is projected to coexist with the human pop-
ulation for a much longer term.

Diabetes is, on its own, a long-existing
and significant contributor to the global bur-
den of disease. In 2021, an estimated 537
million individuals (10.5% of the world’s
adult population) were living with diabetes,
and this number is projected to reach 643
million (11.3%) by 2030 and 783 million
(12.2%) by 2045 (7). Numerous studies
have reported a high prevalence of diabe-
tes among people diagnosed with severe
COVID-19 and those who died of COVID-19
(8-11). Most available evidence suggests
that the existing diabetic conditions in peo-
ple with diabetes will significantly increase
their risk of COVID-19 disease severity and
mortality (12,13). The currently large global
burden of disease due to both COVID-19
and diabetes means the overlap of these
two epidemics is likely to be a significant
public health concern globally. Quantifying
the impact of diabetes on the COVID-19 ep-
idemic is crucial for developing intervention
strategies for managing COVID-19 to miti-
gate its disease burden worldwide. How-
ever, quantifying the global burden of

COVID-19 associated with diabetes is diffi-
cult, given the wide regional and economic
variations across countries. An empirical
prospective cohort study on a global scale
to quantify this impact is not practical.
Therefore, meta-analyses of diabetes
prevalence across various disease stages
of COVID-19 may shed light on the impact
of diabetes on COVID-19. In particular, we
used population attributable fraction (PAF)
as an indicator that integrates the preva-
lence of exposure and relative risk to pro-
vide a balanced measure of the likely
impact of diabetes on the COVID-19 dis-
ease burden (14,15).

In this study, we aim, for the first
time, to provide a pooled estimate of di-
abetes prevalence in different COVID-19
disease stages at the global, regional,
and country levels. Based on this, we es-
timated the PAF of diabetes at each dis-
ease stage of COVID-19 progression by
using a modified version of the compara-
tive risk assessment (CRA) model.

METHODS

Identification and Selection of
Qualified Studies

We systematically searched three data-
bases (PubMed, Embase, and Web of Sci-
ence) to identify peer-reviewed studies
published in the English language, up to
24 May 2022, on the prevalence of diabe-
tes in various stratification groups of sub-
jects with COVID-19, such as subjects with
confirmed diagnosis of COVID-19 (con-
firmed) as well as COVID-19 patients who
were not hospitalized (nonhospitalized),
were hospitalized (hospitalized), had a se-
verity of disease classification of nonsevere
(nonsevere), had a severity of disease classi-
fication of severe (severe), or had an out-
come of death (deceased) (see detailed
stratification definitions in Supplementary
Material). The search strategy for each data-
base is available in Supplementary Material.
The main keywords for the search strategy
included “COVID-19,” “SARS-COV-2,” “clinical
character*,” “clinical feature*,” “diabet*,”
“sugar,” “glycated hemoglobin,” “hyperglyc*,”
and “HbAlc.” To supplement the biblio-
graphic database searches and identify addi-
tional potential data sources, we scrutinized
all relevant meta-analyses identified by our
search strategy.

Two authors (R.L. and QY. indepen-
dently screened the abstracts of articles
retrieved by our searches and reviewed
the full texts of potentially eligible studies.
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Disagreements were resolved through
consensus. Studies of any design were eli-
gible, provided that they detailed the
prevalence of diabetes in subjects with
known COVID-19 diagnosis, severity, or
outcomes. The diagnosis of diabetes had
to be made by a physician, defined based
on measured fasting plasma glucose, oral
glucose tolerance test according to World
Health Organization (WHO) criteria (16),
or HbA;. (17), or self-reported. COVID-19
cases were defined according to WHO cri-
teria of a standard diagnostic flow dia-
gram (18). We first excluded irrelevant
studies and meta-analyses, conference ab-
stracts, case series reports, studies with-
out diabetes prevalence data, or studies
with a small sample size (<100 confirmed
case participants). The flowchart for study
selection is shown in Fig. 1. The protocol
was registered in the PROSPERO Interna-
tional Prospective Register of systematic
reviews (CRD42021265392).

Data Extraction and Quality
Assessment

Two reviewers (R.L. and Q.Y.) used a stan-
dardized electronic form to extract the
relevant data from the included studies
independently. Discrepancies were re-
solved by consensus between the two
reviewers, and a third reviewer (L.Z.) ad-
judicated the differences if necessary.
Variables extracted were study author,
publication year, study country, study pe-
riod, COVID-19 disease status, sample
size (the numerators and denominators
to compute the prevalence of diabetes),
sex, and age. R.L. and Q.. contacted the
authors of eligible studies to request ad-
ditional information when the required
data could not be extracted from the
article. These same reviewers indepen-
dently appraised within-study bias accord-
ing to criteria adapted from two published
checklists (19,20) (Supplementary Material).
L.Z. was consulted to resolve instances of
disagreement. We classified studies as hav-
ing a high risk of bias if scores were lower
than seven stars. All other studies were con-
sidered to have a low risk of bias.

Meta-analysis of Diabetes Prevalence
in Various COVID-19 Disease Stages

We used a random-effects meta-analysis
to estimate the overall prevalence of dia-
betes in COVID-19—positive individuals (21)
and applied an arcsine transformation to
meet the data normality requirements.
The COVID-19 subjects were stratified into
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Figure 1—Global prevalence of diabetes by geographical regions and other subgroups for various COVID-19 disease statuses. Prevalence shown by
COVID-19 waves (A), WHO geographical regions (B), country income level (C), HAQ (D), diabetes background prevalence (E), undiagnosed diabetes
proportion (F), IGT (G), and IFG (H). The color bars denote the prevalence of diabetes for different COVID-19 disease statuses. The error bars repre-
sent 95% Cl. The figures on the bar are the number of studies for summarizing the pooled prevalence by meta-analysis. AF, Africa region; AM,
Americas region; EMED, Eastern Mediterranean region; ER, Europe region; SEA: Southeast Asia region; WP, Western Pacific region.

six subgroups according to their COVID-19
severity and clinical outcome. Individuals in-
fected by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) were
classified as confirmed COVID-19 cases.
Some infected individuals would spontane-
ously recover without a hospital admission
and were stratified into the nonhospitalized
group. In contrast, infected individuals who
were admitted to hospitals were stratified
into the hospitalized group. Among the hos-
pitalized individuals, most of them would

exhibit mild/moderate symptoms and were
stratified into the nonsevere group. The re-
maining hospitalized individuals who devel-
oped dyspnea or required admission to an
intensive care unit were stratified into the
severe group. The subjects with COVID-
related death were stratified into the de-
ceased group. Individual studies usually
reported diabetes prevalence in one or
several COVID-19 stratification groups or
subgroups, and we gathered all the rele-
vant data on diabetes prevalence in

these groups/subgroups and reported the
pooled values and 95% Cl. We also per-
formed sensitivity analyses, including only
studies with low risk of bias to assess the
robustness of our findings (Supplementary
Tables 1-6).

We evaluated between-study hetero-
geneity using the /* statistic (22), which
estimated the percentage of total varia-
tion across studies due to true between-
study differences rather than chance. In
general, * values greater than 60-70%
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indicate the presence of substantial het-
erogeneity (23). We used funnel plots
and Egger test to detect publication bias.
A P value of <0.10 on Egger test was
considered indicative of statistically sig-
nificant publication bias.

Subgroup Analyses and
Metaregression

Subgroup analyses were conducted ac-
cording to COVID-19 pandemic wave (first,
second, third, fourth, and fifth; see details
in Supplementary Material)) WHO geo-
graphical regions (Africa, Americas, East-
ern Mediterranean, European, Southeast
Asia, and Western Pacific), level of country
income (low, middle, and high) (24), a
country’s health care access and quality
index (HAQ) (low, medium, and high) (25),
a country’s diabetes disease burden, in-
cluding diabetes background prevalence
(7), undiagnosed diabetes proportion (26),
and prediabetes prevalence as deter-
mined by the impaired glucose tolerance
test (IGT) and/or impaired fasting glu-
cose level (IFG) (7).

Univariable and multivariable metare-
gression analyses were used to test for
the effect of study and participant char-
acteristics (the eight subgroup variables,
mean or median age, and proportion of
females) on the prevalence estimate.
We used stepwise backward manual se-
lection, excluding variables with P >
0.10 (20). For categorical variables, the
global P value was considered for inclu-
sion in multivariable models. P < 0.05
was considered statistically significant.
Data were analyzed using the meta and
metafor packages of the statistical soft-
ware R, version 4.1.1.

Estimating the PAF of Diabetes for
Severe Outcomes of COVID-19

Based on the global pooled prevalence
of diabetes in individuals infected with
COVID-19 with various levels of severity,
we developed a modified version of the
comparative risk assessment (CRA) model
to estimate PAF of diabetes for greater
severity of COVID-19 disease (severe and
deceased) (27). The PAF describes the con-
tribution of a risk factor to the burden of
disease or death and is expressed as a per-
centage, which is explained as the reduced
proportion of disease burden if the risk fac-
tor disappears in the population. The PAF
is calculated by two indicators of the rela-
tive risk (RR) of disease due to a risk factor
and the proportion of the population with

the risk factor (P1), PAF = P(RR-1)/[P,
(RR-1) + 1]. Given COVID-19 is an acute
infection, we used a modified model to
calculate RR of the incidence of severe
outcomes in COVID-19 hospitalizations
between diabetes patients and patients
without diabetes. A detailed description
of our methods can be found in Supp-
lementary Material. Using a simulation-
based approach, we ran the CRA model to
estimate the RR and PAF. These 95% CI
generated 10,000 samples in the pooled
estimates and applied a triangular distri-
bution. We analyzed PAF of diabetes for
worsened outcomes of COVID-19 such as
severe severity and COVID-19-related
death in all subgroup variables of previ-
ous meta-analyses. When possible, we
assessed the PAF of diabetes by country.
Statistical simulations were done by
MATLAB R2021b software.

RESULTS

The Global Prevalence of Diabetes in
Individuals With COVID-19 by
Disease Stage

A total of 29,874,938 individuals diag-
nosed with SARS-CoV-2 infection from
60 countries were included in this meta-
analysis. Our results demonstrated that
the global prevalence of diabetes in-
creased in the groups of individuals with
COVID-19 with increasing severity of
COVID-19. The pooled prevalence of dia-
betes was 14.7% (95% Cl 12.5-16.9) in
the confirmed group, among whom 10.4%
(7.6-13.6) of nonhospitalized individuals
had diabetes and 21.4% (20.4-22.5) of
hospitalized individuals had it. Among hos-
pitalized individuals, the diabetes preva-
lence was 11.9% (10.2-13.7) in nonsevere
COVID-19 patients and 28.9% (27.0-30.8)
in severe COVID-19 patients, and 34.6%
(32.8-36.5) of deceased COVID-19 patients
had diabetes. Heterogeneities were signifi-
cant in all prevalence estimates (all /° >
90%). Funnel plots indicated significant
publication bias of pooled prevalence in
hospitalized (P < 0.01 by Egger test), non-
severe (P < 0.01), severe (P < 0.01), and
deceased (P = 0.067) individuals but not in
confirmed (P = 0.123) and nonhospitalized
(P = 0.650) groups (Table 1).

Subgroup analyses demonstrated the
heterogeneities of the pooled preva-
lence may originate from temporal and
geographical trends, country income,
HAQ, and a country’s diabetes disease
burden (Supplementary Tables 1-6).
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Multivariate meta-regression analysis
showed that all included variables com-
bined could explain 53-83% of the het-
erogeneity of the pooled prevalence of
diabetes in various COVID-19 stratification
groups (Supplementary Tables 7-12).

The Global Prevalence of Diabetes in
Individuals With COVID-19 by
Temporal and Geographical Trends
When comparing multiple waves of the
COVID-19 epidemic globally, the preva-
lence of diabetes was dynamic and over-
all increased over time in the confirmed
cases with a statistically significant dif-
ference (P < 0.01). This trend was simi-
lar to that for the pooled prevalence in
deceased cases but did not show a sig-
nificant difference (P = 0.11). COVID-19—-
infected individuals in the Americas and
Eastern Mediterranean had a signifi-
cantly higher prevalence of diabetes
than those in Southeast Asia, Africa, Eu-
ropean, and Western Pacific regions (all
P < 0.01) (Fig. 1A and B).

Global Prevalence of Diabetes in
Individuals With COVID-19 by
Country Income and HAQ

Leaving aside low-income countries due
to the limited studies, high-income coun-
tries had a significantly higher prevalence
of diabetes than middle-income countries
in each disease stage (all P < 0.01). Like-
wise, countries with high HAQ also had a
significantly higher prevalence than coun-
tries with medium HAQ (all P < 0.01).
However, countries with low HAQ also had
a significantly higher prevalence than coun-
tries with medium HAQ (Fig. 1C and D).

Global Prevalence of Diabetes in
Individuals With COVID-19 by
Country's Diabetes Disease Burden
Countries with a higher diabetes disease
burden always had a higher prevalence
of diabetes in individuals with COVID-19.
Countries with a high background prev-
alence of diabetes or prediabetes (IGT
or IFG) had a significantly higher preva-
lence of diabetes than countries with
low and medium levels of background
prediabetes (most P < 0.01). Moreover,
countries with a high proportion of un-
diagnosed diabetes demonstrated a sig-
nificantly lower prevalence of diabetes
than their low- and medium-level coun-
terparts (all P < 0.01) (Fig. 1€ and H).
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Table 1—Global pooled prevalence of diabetes according to COVID-19 disease status

COVID-19 case type Pooled prevalence (95% Cl) No. of studies No. of participants ? (B ey Rrrees
Confirmed 14.7% (12.5-16.9) 100 24,475,042 1.000 <0.01 0.123
Nonhospitalized 10.4% (7.6-13.6) 34 1,305,952 0.994 <0.01 0.650
Hospitalized 21.4% (20.4-22.5) 513 3,319,738 0.998 <0.01 <0.01
Nonsevere 11.9% (10.2-13.7) 101 62,832 0.968 <0.01 <0.01
Severe 28.9% (27.0-30.8) 216 298,073 0.992 <0.01 <0.01
Deceased 34.6% (32.8-36.5) 217 413,301 0.986 <0.01 0.067

Global PAF of Diabetes for Presence
of Severe Disease and COVID-19-
Related Deaths

Based on a modified CRA model, we esti-
mated the overall PAF of diabetes to be
9.5% (7.3-11.7) for presence of severe
disease in individuals with COVID-19 and
16.8% (14.8-18.8) for COVID-19-related
deaths. At the country level, the PAF
demonstrated large variations, from 1.6%
(—5.5 to 8.7) in Italy to 31.9% (10.4 to
53.5) in Bangladesh, for presence of se-
vere disease and from 3.4% (—21.1 to
27.9) in Indonesia to 49.8% (25.1 to
74.4) in Bangladesh for COVID-19-related

A

deaths (Fig. 2 and Supplementary Tables
13 and 14).

Global PAF of Diabetes in Individuals
With COVID-19 by Temporal and
Geographical Trends

Subgroup analyses showed that the PAF of
diabetes increased with each wave of the
COVID-19 epidemic, and the third wave (a
dominant) resulted in a higher PAF than
the first and second waves (wild strain
dominant) (P < 0.01). Although the preva-
lence of diabetes in the Americas and
Eastern Mediterranean regions was higher

than that in other regions, the PAF of dia-
betes was raised in Southeast Asia and
Africa regions (Fig. 3A and B) (P < 0.01).

Global PAF of Diabetes in Individuals
With COVID-19 by Country Income
and HAQ

High income and HAQ for a country mean
high capacities to reduce the impact of dia-
betes on the COVID-19 disease burden. Our
findings showed that countries with high in-
come and HAQ resulted in lower PAF of dia-
betes than countries with low and medium
income and HAQ (Fig. 3C and D) (P < 0.01).
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Figure 2—Estimated PAF of diabetes on presence of severe disease (A) and COVID-19-related deaths (B) in countries from varied geographical regions.
The bars denote the PAF in various countries, and the colors represent the various geographical regions. The dashed lines denote the average PAF.


https://doi.org/10.2337/figshare.21965333
https://doi.org/10.2337/figshare.21965333
https://doi.org/10.2337/figshare.21965333

diabetesjournals.org/care

Li and Associates

895

[__10n presence of severe disease
[ On COVID-19-related death

| ‘Zjﬁ'mimim

EMED SEA

W' o I .

Medium (60-80) High (>80)

o e e B

Medium (30-50%) High (>50%)

5l B B

70 - 50
60 40 +
S0t
Sa0t
T30t
oot
LA . .
First wave Second wave Third wave Fourth wave Fifth wave
50 50
40} 40}
SES 30}
=~
<20 20
(=™
o U
0 ) ) ) 0
Low Middle High Low (<60)
50 50
40} 40t
30t 30+
=~
<20 20
(=
] | rh.
0 0
Low (<10%) Medium (10-15%) High (>15% Low (<30%)
50 50
40} 40}
SES 30}
B~
<20 20
(=
‘LM ™ |
0 0
Low (<10%) Medium (10-15%)  High (>15°0 Low (<4%)

Medium (4-6%) High (>6%)
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Global PAF of Diabetes in Individuals
With COVID-19 by Country's
Diabetes Disease Burden

A higher diabetes disease burden always
contributed more to a country’s COVID-19
disease burden. Countries with high back-
ground prevalence of diabetes or predia-
betes (IGT or IFG) had a higher PAF of
diabetes in individuals with COVID-19
than countries with low and medium
prevalence of diabetes (all P < 0.01). Dif-
ferent from the trend of pooled preva-
lence of diabetes, our finding showed
that countries with a high proportion of
undiagnosed diabetes also demonstrated
a higher PAF of diabetes in individuals
with COVID-19 than countries with low

and medium proportions of undiagnosed
diabetes (P < 0.01).

CONCLUSIONS

Our study quantified diabetes prevalence
in individuals with COVID-19 and the im-
pact of diabetes on the COVID-19 dis-
ease burden. First, our meta-analysis of
729 studies shows that the prevalence
of diabetes increases as the severity of
COVID increases. In particular, 21.4% of
individuals hospitalized with COVID-19
reportedly have diabetes, among whom
the diabetes prevalence can be as high
as 28.9% in those with severe COVID-19
and even higher (34.6%) in those who

died of COVID-19. Notably, this trend is
consistent in countries throughout all
geographical regions and development
statuses. Second, the PAF analysis dem-
onstrated that diabetes contributes to
9.5% of cases with presence of severe
disease in individuals with COVID-19 and
16.8% of COVID-19-related deaths. Coun-
tries with low HAQ and high diabetes dis-
ease burden tended to have higher PAF
for adverse outcomes of COVID-19.

Our study demonstrates that the global
prevalence of diabetes in severe and de-
ceased individuals with COVID-19 is almost
50% higher than that of all hospitalized in-
dividuals. We further demonstrated that
diabetes is a major contributing factor for
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the presence of severe disease in individ-
uals with COVID-19 and COVID-19-related
deaths. To the best of our knowledge, this
is the first study to quantify the impact of
diabetes on the adverse outcomes of
COVID-19 at the global level. This finding
reinforces the fact that individuals living
with diabetes are more likely to progress
to severe complications when infected by
SARS-CoV-2. Notably, even in the absence
of a diabetes diagnosis, hyperglycemia on
admission and during hospitalization sub-
stantially elevated the risk of progression
to severe COVID-19-related complication
and mortality (28—30). Although the under-
lying mechanism of how diabetes interacts
with SARS-CoV-2 in the host remains un-
clear, the complex interplay of inflamma-
tion, endothelial dysfunction, and impaired
immune modulation due to SARS-CoV-2 in-
fection may contribute to common patho-
genic pathways of diabetes and COVID-19.
The hyperglycemic environment in patients
with diabetes facilitates the proliferation of
SARS-CoV-2 (31). Diabetes-induced chronic
systemic inflammation and endothelial
dysfunction will be exacerbated by the
inflammatory responses to the SARS-CoV-2
infection, leading to the microcirculation
impairment state. This would result in fatal
outcomes such as disseminated intravascu-
lar coagulation, thromboembolism, and in-
creased oxidative stress, which leads to
multiorgan dysfunction (31,32). In addi-
tion, micro- and macrovascular complica-
tions of diabetes, such as chronic kidney
diseases and cardiovascular diseases, also
increase the risk of mortality (31). There-
fore, effective glucose control in patients
with diabetes is crucial to clinical manage-
ment to improve the prognosis of SARS-
CoV-2 infection.

Our study demonstrates large varia-
tions in PAF by country. There are accu-
mulating pieces of evidence that the
presence of diabetes could result in
more severe complications in individuals
infected with SARS-CoV-2 (32,33). In fact,
the extent of the impact of diabetes on a
country may depend on the level of a
country’s economic development, HAQ,
and diabetes disease burden. Comprehen-
sive diabetes management and glucose
control would also play an important role
in reducing the disease burden of diabetes
and related mortality of COVID-19 (34).

Our study indicates that the PAF of
diabetes to severe COVID-19-related com-
plications is higher in countries with a
higher background disease burden of dia-
betes, both diagnosed and undiagnosed.

This finding indicates a potentially masked
public health concern in individuals with
undiagnosed diabetes when facing the
COVID-19 epidemic. Naturally, countries
with a higher background diabetes burden
would have a higher PAF of diabetes to
COVID-19-related complications and mor-
tality. However, the countries with a high
proportion of undiagnosed individuals
with diabetes, despite a low prevalence
of diabetes and prediabetes, could also
contribute to a higher PAF to COVID-
19-related complications and mortality.
This suggests that early diabetes diagno-
sis plays an important role in reducing
the COVID-19 disease burden. In fact,
given the long asymptomatic duration of di-
abetes development, most individuals living
with diabetes may not be aware of their
condition until symptoms become obvious.
Timely diagnosis, together with effective
glucose control after diagnosis, may prevent
COVID-19-related adverse outcomes at the
population level (32,35). Notably, 87.5% of
individuals with undiagnosed diabetes lived
in low- and middle-income countries where
health care resources are strained by the
current COVID-19 pandemic (7). These high
undiagnosed rates likely contribute to the
high COVID-19 severity in these countries.

Our study indicates that the PAF of dia-
betes is lower in countries with better
economic development and higher HAQ.
It seems comprehensible that countries
with high income and HAQ have better
public health resources for diabetes man-
agement than resource-limited countries
to reduce the impact of diabetes on
COVID-19 (34,36). Despite countries with
high income and HAQ generally having a
high prevalence of diabetes and predia-
betes, the PAF of diabetes to severe
COVID-19 remains substantially lower than
that in low-income and low-HAQ ones.
This finding is likely because more diabetes
screening and better diabetes control are
readily available in high-income and high-
HAQ countries (proportion of undiagnosed
diabetes <30%) (7). In contrast, low di-
abetes prevalence in low- and middle-
income countries may not represent the
actual disease burden of diabetes due
to a high proportion of undiagnosed dia-
betes. Consistently, our findings report a
lower prevalence of diabetes in individuals
with COVID-19 in low- and middle-income
countries but higher PAF of diabetes than
otherwise.

Our study has several limitations. First,
we included 729 studies, among which
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408 (56%) had a high risk of bias. This risk
of bias might have affected the precision
of our estimate; nevertheless, when pool-
ing only the 321 (44%) studies that had a
low risk of bias in a meta-analysis, most of
our estimates of prevalence of diabetes
did not change considerably (14.7% vs.
16.4%, 10.4% vs. 12.7%, 21.4% vs. 23.2%,
11.9% vs. 14.7%, 28.9% vs. 32.4%, and
34.6% vs. 35.9%). Second, most studies
provided the available numerators and de-
nominators of diabetes prevalence in hos-
pitalized patients (70%), and the data
were rare for nonhospitalized patients
(5%). A small number of included studies
may not eliminate the random variation
of pooled estimates, which, fortunately,
somehow can be overcome by the large
sample size. Furthermore, a large number
of studies included were from China (27%)
and the U.S. (15%), which could affect the
generalizability of our findings. Third, our
meta-analyses also found significant het-
erogeneity among studies. We used ran-
dom-effects models that allow for real
differences between individual studies and
undertook a metaregression analysis,
which explained more than half of this
heterogeneity. Fourth, apart from diabe-
tes, other comorbidities, such as hyper-
tension and coronary heart disease, may
also influence COVID-19 disease progres-
sion outcomes, and further population
studies are necessary to identify the con-
founding effects brought by these co-
morbidities. Fifth, our search strategy
only included articles that specifically
mentioned diabetes in the title or ab-
stract. This may miss some studies that
reported diabetes prevalence in COVID-19
patients. Sixth, in our study, data from
high-income countries, in general, are
better represented than data from low-
income countries, potentially leading to
a publication bias. Seventh, our CRA
model assumed the time to progress to
COVID-19 severity was similar in individ-
uals with and without diabetes, and this
may underestimate the relative risk and
PAF and, hence, lead to more conserva-
tive conclusions. Finally, our CRA model
assumed that all severe COVID-19 out-
comes were from hospitalized patients
to simplify the estimates of PAF, which
could lead to an underestimate of the
PAF due to some individuals with severe
COVID-19 cases not being admitted to
the hospitals.

In conclusion, our study demonstrates
that the global prevalence of diabetes is
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associated with the severity of COVID-19
disease. Further, we are the first to re-
port global estimates of PAF of diabetes
contributing to 9.5% of severe COVID-19
cases and 16.8% of COVID-19-related
deaths. A high population prevalence of
diabetes and prediabetes may be a pub-
lic health concern during the COVID epi-
demic. A strategy of sufficient diabetes
screening in the community and optimal
glucose control for those with diabetes
should be effective to prevent COVID-19—
related severity and mortality.
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