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Globally, COVID-19 has become a major concern for the diabetic community. We conducted a pooled
analysis and constructed a forest plot for the association between diabetes and COVID-19 progression
in 47 studies. A random effects meta-analysis (Mantel-Haenszel method) was conducted to estimate
the outcomes effect size as odds ratios (OR) and 95% confidence intervals (CI) using Review Man-
ager Software version 5.3. COVID-19 patients with diabetes have a significantly higher risk of disease
severity (OR=2.20, 95% CI=1.69-2.86, p<0.00001) and associated mortality outcomes (OR=2.52, 95%
CI=1.93-3.30, p= <0.00001).

© 2020 Primary Care Diabetes Europe. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Ever since the outbreak of coronavirus disease 2019 (COVID-19)
due to a novel severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the number of infected cases and associated mor-
talities due to COVID-19 are growing. Studies have linked fatal
outcomes in COVID-19 to the associated comorbidities. Evidence
reported in the Journal of Diabetes and Centers for Disease Con-
trol and Prevention (CDC) showed diabetes as the most important
comorbidity associated with a 50% higher risk of fatal outcomes in
COVID-19 cases with diabetes than their non-diabetic counterparts
[1-3]. Considering the global concern for COVID-19 pandemicin the
diabetes community, we aim to evaluate the risk of disease severity
and mortality in association with diabetes in COVID-19 patients.

2. Methods

This meta-analysis was planned as a part of our PROSPERO
registered protocol (CRD42020186661), and relevant studies were
identified through searching PubMed, Cochrane, medRxiv and
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other databases. Studies reporting diabetic proportions in sub-
groups of COVID-19 patients (Severe vs. Non-severe & Mortal vs.
Survival) were included. Other study types and reports with no data
on diabetic numbers were excluded.

2.1. Outcomes

The proportions of COVID-19 patients with diabetes in
severe/mortal & non-severe/survival groups were used to estimate
the risk of disease progression associated with diabetes. Further,
a separate outcome analysis was conducted to study the relation-
ship of diabetes with disease severity (Severe vs. Non-severe) and
mortality (Survival vs. Non-survival) in COVID-19

2.2. Statistical analysis

Arandom effects meta-analysis (Mantel-Haenszel method) was
conducted to estimate the outcomes effect size as odds ratios (OR)
and 95% confidence intervals (CI) using Review Manager Software
version 5.3. The stability and publication bias were tested by a one-
study leave-out sensitivity analysis and funnel plot asymmetry,
respectively. Heterogeneity was assessed using the I statistic. A p-
value of <0.05 was considered to be statistically significant. More
information on literature search and results are presented in the
Supplementary Material.

1751-9918/© 2020 Primary Care Diabetes Europe. Published by Elsevier Ltd. All rights reserved.
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Severe/Mortal  Non-Severe/Alive Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Rand 95% CI M-H, Random, 95% CI
1.1.1 Diabetic events: Severe/Critical vs. Non-Severe
Chen Guang et al., 2020 2 11 1 10  05% 2.00[0.15, 26.19] ]
Chen Ruchong et al., 2020 28 203 33 345 3.4% 1.51[0.88, 2.59] ™
Duan Jun et al., 2020 2 20 9 328 1.1% 3.94[0.79, 19.59] .
Gao Yong et al., 2020 6 15 1 28  0.7% 18.00 [1.90, 170.34]
Guan Wei-Jie et al., 2020 28 173 53 926  3.5% 3.18[1.95, 5.19] -
Guo Ting et al., 2020 4 20 23 8 1.7% 0.67[0.20, 2.23] /1
Huang Chaolin et al., 2020 1 13 7 28 0.7% 0.25[0.03, 2.28] — = [
Liu Fengjun et al., 2020 3 19 i7 115 1.3% 2.89[0.68, 12.34] T
Liu Jiang et al., 2020 4 13 2 27 0.9% 5.56 [0.86, 35.71] T
Liu Tao et al., 2020 1" 69 0 1 04% 4.52[0.25, 82.27] I
Liu Yanli etal., 2020 1" 53 1 56  0.8% 14.40[1.79, 116.01]
Lu Hongzhou et al., 2020 6 22 15 243 2.0% 5.70 [1.95, 16.68] -
Lv Zhihua et al., 2020 9 115 26 239 2.6% 0.70[0.31, 1.54] /T
Mao Ling et al., 2020 15 88 15 126 2.7% 1.52[0.70, 3.30] I
Mo Pingzheng et al., 2020 12 85 3 70 1.5% 3.67 [0.99, 13.58] -
Peng Youdong et al., 2020 4 16 19 96 1.6% 1.35[0.39, 4.66] -
Petrilli Christopher et al., 2020 389 990 561 1739 4.4% 1.36 [1.16, 1.60] -
Rastrelli Giulia et al., 2020 2 10 6 21 0.9% 0.63[0.10, 3.84] — =
Shang Weifeng et al., 2020 20 139 43 304 3.3% 1.02[0.58, 1.81] o
Shi Yu et al., 2020 7 49 22 438 2.3% 3.15[1.27,7.81] -
Smadja David et al., 2020 6 20 2 20 1.0% 3.86 [0.67, 22.11] T
Sun Ying et al., 2020 3 19 2 44 0.9% 3.94 [0.60, 25.79] ]
Tian Jianbo et al., 2020 33 148 22 84 31% 0.811[0.43, 1.51] -
Wan Suxin et al., 2020 9 40 3 95  1.4% 8.90 [2.27, 34.99] e
Wang Chang-Zheng et al., 2020 7 39 3 46 1.4% 3.14[0.75, 13.07] T
Wang Dawei et al., 2020 8 36 6 102 1.8% 4.57 [1.46, 14.28] ==
Wang Zhongliang et al., 2020 6 14 1 55 0.7% 40.50 [4.30, 381.74]
Wu Chaomin et al., 2020 16 84 6 17 21% 4.35[1.62, 11.66] B
Yang Qiuxiang et al., 2020 10 33 10 103 21% 4.04 [1.51, 10.86] -
Yao Qingchun et al., 2020 2 13 2 83 0.8% 7.36 [0.94, 57.70]
Zhang Jin-Jin et al., 2020 8 58 9 82 21% 1.30 [0.47, 3.59] T
Zhang Yang et al., 2020 52 136 9 30 25% 1.44[0.61, 3.39] T
Zhang Yang et al., 2020 (Hyperglycemia) 19 84 2 21 1.2% 2.78[0.59, 13.01] ==
Zheng Yi et al., 2020 4 15 4 19 1.2% 1.36 [0.28, 6.68] - F
Zheng Yongli et al., 2020 3 32 3 67 1.1% 2.21[0.42, 11.60] I
Subtotal (95% CI) 2894 6203 59.9% 2.20 [1.69, 2.86] ¢
Total events 750 931
Heterogeneity: Tau? = 0.26; Chi? = 80.72, df = 34 (P < 0.0001); I? = 58%
Test for overall effect: Z = 5.82 (P < 0.00001)
1.1.2 Diabetic events: Mortal/Non-Survival vs. Survival/Alive
Auld Sara et al., 2020 29 62 66 147 32% 1.08 [0.59, 1.96] T
Chen Ruchong et al., 2020 20 103 41 445 3.2% 2.37[1.32, 4.26] -
Chen Tao et al., 2020 24 113 23 161 3.1% 1.62[0.86, 3.04] =
Crespo Marta et al., 2020 5 8 3 8 0.8% 2.7810.37, 21.03] 1T
Guan Wei-Jie et al., 2020 18 67 63 1032 3.2% 5.65[3.11, 10.27] -
Guo Weina et al., 2020 4 9 33 165  1.4% 3.20[0.81, 12.58] T
Guo Weina et al., 2020 (No Other Comorbidities) 4 4 20 46 0.4% 11.63 [0.59, 228.61] &
Luo Xiaomin et al., 2020 18 84 27 214 3.0% 1.89 [0.98, 3.65] _'_
Ma Simin et al., 2020 13 44 5 49 1.8% 3.69[1.19, 11.41] -
Wang Kun et al., 2020 (Training Cohort) 6 19 24 277 2.0% 4.87[1.70, 13.96] -
Wang Kun et al., 2020 (Validation Cohort) 4 14 5 30 1.3% 2.00[0.44,9.01] -1 =
Wu Chaomin et al., 2020 1" 44 5 40  1.8% 2.33[0.73, 7.44] T
Yan Yongli et al., 2020 39 108 9 85  26% 4.77 [2.16, 10.57] -
Yang Xiaobo et al., 2020 7 32 2 20 1.1% 2.52[0.47,13.58] -1
Yang Xiaobo et al., 2020 (Hyperglycemia) " 32 7 20 1.8% 0.97 [0.30, 3.14] -1
Yao Qingchun et al., 2020 1 12 4 96 0.7% 2.09[0.21, 20.42] I
Yuan Mingli et al., 2020 6 10 0 17 0.4%  50.56 [2.38, 1075.32] S —
Zangrillo Alberto et al., 2020 3 17 6 56 1.3% 1.79 [0.40, 8.06] N
Zhang Jinping et al., 2020 3 8 il 1" 0.6% 6.00 [0.49, 73.45] ]
Zhang Yang et al., 2020 13 24 48 142 24% 2.311[0.96, 5.55] —
Zhang Yang et al., 2020 (Hyperglycemia) 3 1" 18 94 1.4% 1.58 [0.38, 6.57] -
Zhou Fei et al., 2020 17 54 19 137 27% 2.85[1.35, 6.05] =
Subtotal (95% CI) 879 3292 40.1% 2.52[1.93, 3.30] ¢
Total events 259 429
Heterogeneity: Tau? = 0.11; Chi? = 30.60, df = 21 (P = 0.08); I>=31%
Test for overall effect: Z = 6.79 (P < 0.00001)
Total (95% CI) 3773 9495 100.0% 2.32[1.90, 2.83] ¢
Total events 1009 1360
Heterogeneity: Tau? = 0.23; Chi? = 123.66, df = 56 (P < 0.00001); I? = 55% =0_00 ’ o? p 150 ’ 000’

Test for overall effect: Z = 8.30 (P < 0.00001)
Test for subaroup differences: Chi? = 0.53, df = 1 (P = 0.47), I = 0%

Fig. 1. Forest plot relating diabetes to disease severity and survival in COVID-19 patients from 47 studies.

3. Results
3.1. Subjects and pooled results

In this meta-analysis, a total of 47 relevant studies were
included for the pooled outcome analysis [4-50]. All the stud-
ies confirmed diagnosis using the real-time reverse transcription
polymerase chain reaction test. Overall, the diabetic proportions
were 1009/3773 and 1360/9495 in severe/mortal and non-

severe/survival groups of COVID-19 cases, respectively. The pooled
outcome for the risk of disease progression indicated a significant
impact of diabetes in COVID-19 cases (OR =2.32,95% Cl=1.90-2.83,
Z=8.30, p<0.00001, I2=55%, p<0.0001) (Fig. 1). The symmetrical
funnel plot shown in Fig. 2 suggests no publication bias and sen-
sitivity analysis indicated that the stability of overall result is not
influenced by leaving-out any particular study. More information
on search results, study characteristics and quality assessment are
presented in the Supplementary Table 1.
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Fig. 2. The funnel plot of studies included in the analysis.

3.2. Diabetes and risk of severity and mortality

The diabetic proportions were 750/2894 and 931/6203 in severe
and non-severe groups of COVID-19 cases, respectively. And, the
respective diabetic proportions were 259/879 and 429/3292 in
mortal and survival groups of COVID-19. As shown in Fig. 1,
the subgroup analysis showed that diabetes related significantly
with COVID-19 disease severity (OR=2.20, 95% Cl=1.69-2.86,
Z=5.82, p<0.00001, I? =58%, p<0.0001) and mortality (OR=2.52,
95% C1=1.93-3.30, Z=6.79, p<0.00001, I>=31%, p=0.08) as well.
Though no significant heterogeneity was observed for the associa-
tion of diabetes with mortality outcomes, the overall results should
be viewed with caution to the heterogenous coexisting comorbidi-
ties across the included studies.

4. Discussion

Our results clearly indicate risk of disease progression and mor-
tality is significantly high in COVID-19 patients with diabetes than
in those without diabetes. It has been reported that individu-
als with impaired glucose tolerance or diabetes to have 50-60%
higher risk of pulmonary infection [2,3]. Recent evidence suggests
an increased risk of severe Adult Respiratory Distress Syndrome
and multi-organ failure complications in diabetic patients. Glob-
ally, during the COVID-19 pandemic, diabetic cases consists of up
to 50% COVID-19 cases [3].

As an important comorbid metabolic disorder, diabetes char-
acterised by hyperglycemia has been reported to downregulate
immune response and increased inflammation. It has also been pro-
posed that coronavirus through angiotensin-converting enzyme 2
(ACE2) receptors may result in cell damage and disease progression
[2,3]. The available evidence shows that the presence of diabetes in
COVID-19 makes them more prone for disease progression and fatal
outcomes. Our results are in support of the scientific/clinical opin-
ion that COVID-19 patients with diabetes should be given much
attention considering the associated higher risk of mortality in
COVID-19 patients with diabetes. The recommendations and spe-
cial considerations proposed for managing diabetic patients with
COVID-19 are available elsewhere [1-3].

To summarise, this pooled analysis with a large sample size
of 13,268 COVID-19 patients indicates significant association
between diabetes and COVID-19 progression. COVID-19 patients
with diabetes have a significantly higher risk of disease severity
(OR=2.20,95%CI=1.69-2.86, p <0.00001) and associated mortality
outcomes (OR=2.52, 95% Cl=1.93-3.30, p<0.00001). Considering
the rapidly growing number of research reports, future meta-
analyses with systematic review of literature are warranted to

establish the independent associations of individual comorbidities
for the risk of COVID-19 disease progression and mortality.
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