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Influence of diabetes mellitus on the severity and fatality of
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Abstract
Aim: To evaluate the influence of diabetes on the severity and fatality of severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection.
Materials and Methods: The medical records of 66 hospitalized coronavirus disease
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2019 (COVID-19) patients were collected and classified into non-severe (mild/mod-
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erate cases) and severe (severe/critical cases) groups. Logistic regression analysis was
used to estimate the risk of severe COVID-19 (severe/critical infection). In addition,
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a meta-analysis including published studies reported the impact of diabetes on the
severity and fatality of COVID-19. The current study was conducted using fixed
effects models.
Results: There were 22 diabetes and 44 non-diabetes cases among the 66 hospitalized COVID-19 patients. Seven patients with diabetes (31.82%) were diagnosed as
severe COVID-19 cases, which was significantly higher than that in the non-diabetes
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group (4/44, 9.09%, P = .033). After adjustment for age and gender, diabetes was significantly associated with COVID-19 severity (OR: 5.29, 95% CI: 1.07–26.02). A
meta-analysis further confirmed the positive association between diabetes and
COVID-19 severity (pooled OR = 2.58, 95% CI: 1.93–3.45). Moreover, the patients
with diabetes infected with SARS-CoV-2 had a 2.95-fold higher risk of fatality compared with those patients without diabetes (95% CI: 1.93–4.53).
Conclusions: Our findings provide new evidence that diabetes is associated with a
higher risk of severity and fatality of COVID-19. Therefore, intensive monitoring and
antidiabetic therapy should be considered in patients with diabetes with SARS-CoV2 infection.
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possesses strong transmissibility.2,3 As of 3 April 2020, 1 100 000

I N T RO DU CT I O N

laboratory-confirmed patients presented in more than 200 countries/
Coronavirus disease 2019 (COVID-19), caused by severe acute respira-

regions around the world. Moreover, the virus has led to the deaths of

tory syndrome coronavirus-2 (SARS-CoV-2), is an ongoing public health

over 50 000 people, mostly older people and those with underlying

1

emergency of international significance. Although the fatality of SARS-

chronic diseases.4 Therefore, identification of the risk factors for the

CoV-2 infection appears to be less than that observed in SARS-CoV and

severity and fatality of SARS-CoV-2 infection is urgently needed, to bet-

Middle East respiratory syndrome (MERS)-CoV infections, the new virus

ter understand and prevent this global public health epidemic.
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Accumulative clinical studies have suggested that patients with

In the current study, patients co-infected with two or more path-

diabetes with acute viral respiratory infections often experience

ogens were excluded. This study was reviewed and approved by the

severe complications such as pneumonia, acute respiratory distress

Medical Ethical Committee of Huai'an Fourth People's Hospital

syndrome, organ failure and even death.5–7 For example, Yang et al

(approval number HASY2020004) in accordance with the 1974 Decla-

have reported that a known history of diabetes was an independent

ration of Helsinki for Human Research. A waiver of informed consent

predictor for the fatality of SARS-CoV infection.8 More importantly,

was obtained.

normalization of blood glucose levels and the possible suppression of
ketosis using intravenous insulin-glucose infusion or intensive insulin
therapy have been shown to reduce mortality and morbidity in

2.2
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Data collection and laboratory tests

patients with diabetes admitted to intensive care units.8 In addition,
Garbati et al reported that 88% of MERS-CoV-infected patients with

Demographic and clinical features were extracted from electronic

diabetes had poor outcomes compared with 39% of individuals who

medical records using a standardized data collection form. All data

had any type of non-diabetic co-morbidity with MERS-CoV infection,

were checked by a team of trained physicians. In the current study, all

suggesting that diabetes in particular is a major contributor to MERS

of the laboratory tests were examined within 24 hours of hospital

9

severity.

admission. The SARS-CoV-2 RNA was isolated from each pharyngeal

As one of the most important public health problems in the 21st

swab specimen and amplified using qRT-PCR kits (BGI Genomics, Bei-

century, diabetes affects more than 400 million adults throughout the

jing, China), as recommended by the Chinese Center for Disease Con-

world.10 However, investigations into the effects of diabetes on the

trol and Prevention. Other routine laboratory tests, including

severity and fatality of SARS-CoV-2 infection have to date been lim-

lymphocyte counts, neutrophil counts and serum levels of aspartate

ited. Therefore, the first objective of this study was to explore the

aminotransferase (AST), alanine aminotransferase (ALT), fasting

association between diabetes and COVID-19 severity in hospitalized

plasma glucose (FPG), creatine kinase (CK), C-reactive protein (CRP),

patients. Then we combined our results with those from previously

total cholesterol (TC) and triglycerides (TG) were measured using com-

published studies in a meta-analysis. This assessment should be help-

mercial reagents according to the manufacturer's instructions.

ful for the management of patients with diabetes with SARS-CoV-2
infection.

2.3
2

MATERIALS AND METHODS

|

|

Assessment of diabetes

In line with American Diabetes Association guidelines, patients were
identified as having diabetes if they were currently treated with insu-

2.1

|

Study population

lin or oral hypoglycaemic agents, or had an FPG concentration
of ≥7.0 mmol/L on at least two separate occasions.12

From 23 January to 9 March 2020, a total of 66 COVID-19 patients
were admitted to Huai'an Fourth People's Hospital, which is the sole
hospital caring for COVID-19 patients in Huai'an City. Huai'an City is

2.4

|

Statistical analysis

located in the hinterland of northern Jiangsu, China, with a population
of 5.68 million people. Diagnosis of SARS-CoV-2 infection is based on

In the current study, the mild/moderate and severe/critical COVID-19

the New Coronavirus Pneumonia Prevention and Control Program

cases were classified into non-severe and severe groups, respectively.

(fifth version) published by the National Health Commission of

Continuous variables were expressed as mean ± SD or median (inter-

11

China.

All included patients were laboratory-confirmed hospitalized

quartile range). Categorical variables were expressed as numbers (%).

cases on the basis of positive qRT-PCT results for SARS-CoV-2 in

The unpaired t-test, χ2 test or Fisher's exact test was used to compare

swab samples. In the current study, the severity of COVID-19 was

the characteristics of COVID-19 patients with or without diabetes, as

determined as per the following criteria11: (a) mild cases: the clinical

appropriate. Logistic regression analysis was used to estimate the risk

symptoms were mild and there was no sign of pneumonia on imaging;

of COVID-19 severity (severe/critical infection) by calculating the

(b) moderate cases: only showing fever and respiratory symptoms

odds ratios (ORs) and 95% confidence intervals (CIs). Statistical ana-

with radiological findings of pneumonia; (c) severe cases (for adults):

lyses were performed using SAS 9.4 software (SAS Institute, Cary,

(i) respiratory distress (≥30 breaths/minute); (ii) oxygen satura-

NC, USA); a two-sided P value of <.05 was defined as statistically

tion (≤93% at rest); (iii) arterial partial pressure of oxygen (PaO2)/frac-

significant.

tion of inspired oxygen (FiO2) ≤300 mmHg; and (d) critical cases: (i)

Based on the guidelines of the Preferred Reporting Items for Sys-

respiratory failure and requiring mechanical ventilation; (ii) shock; (iii)

tematic reviews and Meta-Analyses (PRISMA),13 this meta-analysis

with other organ failure that requires ICU care. To analyse the associ-

was conducted by combining the results of the current study and pre-

ations between diabetes and the severity of SRAS-CoV-2 infection,

vious studies reporting the effects of diabetes on the severity and

the mild/moderate and severe/critical COVID-19 cases were classi-

fatality of hospitalized COVID-19 cases. The exclusion criteria were:

fied into non-severe and severe groups, respectively.

(a) repeated articles, letters, comments, editorials and expert opinions;
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(b) case reports; (c) review and meta-analysis articles; and (d) studies

m2, P = .027). However, no significant differences were observed in

without available data. First, we searched the relevant studies in the

other characteristics between the two groups (Table 1).

PubMed, Embase, medRxiv, Cochrane library and CNKI databases for
articles published up to 20 March 2020 using the following terms:
“COVID-19 or SARS-CoV-2 or 2019-nCoV or NCIP” and “diabetes” or
“diabetes mellitus”. To be included in the meta-analysis for the associ-

3.2 | Associations between diabetes and COVID19 severity

ations between diabetes and COVID-19 severity, a study had to: (a)
group patients with COVID-19 based on disease severity; (b) show

As shown in Table 2, univariate logistic regression analysis revealed

available data for the number of patients with diabetes with SARS-

that diabetes was significantly associated with severe SARS-CoV-2

CoV-2 infection; (c) be published in English or Chinese; and (d) include

infection (OR: 4.67, 95% CI: 1.19–18.26). Furthermore, after adjust-

at least 20 cases. We searched the reference lists of relevant publica-

ment for age and gender, patients with diabetes infected with SARS-

tions manually to identify more studies. Finally, 12 studies met the

CoV-2 were shown to have a 5.29-fold higher risk of developing

criteria.14–25 Second, we searched the relevant studies for the meta-

severe COVID-19 compared with those patients without diabetes

analysis of the relationship between diabetes and COVID-19 fatality

(95% CI: 1.07–26.02).

as described above. Included articles had to: (a) show available data
on the number of patients with diabetes; (b) show available data on
the number of deaths of SARS-CoV-2-infected patients with diabetes;
(c) be published in English or Chinese; and (d) include at least 20 cases.

3.3 | Meta-analysis of the association between
diabetes and COVID-19 severity

In total, six studies satisfied all the criteria.26–31 The quality of all the
included studies was evaluated using the Newcastle-Ottawa Scale

Figure 1A summarizes the association between diabetes and COVID-

(Table S1).

19 severity, based on 12 previously published studies and the results

Figure S1 depicts the flow of the study selection process. Two

from the current study. The total number of patients included in this

authors (JW and JZ) independently extracted the data and, if there

analysis was 2455, consisting of 94 and 471 severe COVID-19 cases

were disagreements, these were discussed and resolved with a third

in diabetes (232 cases) and non-diabetes groups (2223), respectively

author (CD). We extracted information about the authors, date of

(Table 3). As the results show, patients with diabetes with SARS-CoV-

publication, sample size, range of age, the number of diabetes cases,

2 infection had a higher risk of developing severe COVID-19 (pooled

the number of severe or fatality cases and the effect size. Potential

OR = 2.58, 95% CI: 1.93–3.45), with a moderate heterogeneity

heterogeneity between studies was examined using the I2 judgement

between the studies (I2 = 44%, P = .04). The estimated effect sizes

2

model. If I <50%, there was no heterogeneity among the included

were similar in the sensitivity analysis, regardless of exclusion of any

studies and the fixed effects model was selected; otherwise, the

single study one at a time (Figure 1B). Furthermore, subgroup analysis

results of the independent studies were not the same because of sam-

results revealed that the pooled OR was 3.04 (95% CI: 2.03–4.56) for

pling errors, and the random effects model was selected.32 The funnel

the patients aged <50 years and 2.58 (95% CI: 1.93–3.26) for the

plot and Egger's test were used to examine potential publication

patients aged ≥50 years, respectively (Figure 2). In addition, the funnel

bias.33 This meta-analysis was performed using the Meta package in R

plots and Egger's test (t = 0.60, P = .559) did not show the existence

software (version 3.6.1). All reported P-values were two-tailed, and

of any potential publication bias in the current meta-analysis

those <0.05 were considered statistically significant unless otherwise

(Figure S2A).

specified.

3
3.1

RESULTS

|
|

Characteristics of COVID-19 patients

3.4 | Meta-analysis of the association between
diabetes and COVID-19 fatality
Figure 3A summarizes the association between diabetes and fatality
of SARS-CoV-2 infection based on six published clinical studies. The

There were 22 diabetes and 44 non-diabetes cases among the 66 hos-

total number of patients included in this analysis was 2116, consisting

pitalized COVID-19 patients included in this study. In patients with

of 62 and 89 fatal COVID-19 cases in the diabetes (322 cases) and

diabetes, seven cases (31.82%) were diagnosed as severe SARS-CoV-

non-diabetes groups (1794 cases), respectively (Table 4). As the

2 infections, which was significantly higher than in the non-diabetes

results show, diabetes mellitus was significantly associated with a

group (4/44, 9.09%, P = .033). Compared with the non-diabetes

higher risk of fatality in COVID-19 patients (pooled OR = 2.95, 95%

COVID-19 cases, patients with diabetes with SARS-CoV-2 infection

CI: 1.93–4.53), with a low heterogeneity between studies (I2 = 29%, P

more probably had higher levels of CRP (P = .001) and neutrophil

= .21). Additionally, subgroup analysis suggested that the pooled OR

counts (P = .033) upon admission. As expected, the mean body mass

was 4.19 (95% CI: 2.20–8.00) for patients aged <50 years and 2.54

index was 26.75 ± 2.68 kg/m2 in patients with diabetes, which was

(95% CI: 1.49–4.33) for patients aged ≥50 years (Figure 4). Sensitivity

significantly higher than that in non-diabetes cases (24.97 ± 3.07 kg/

analysis showed that the exclusion of any single study one at a time

1910

WU ET AL.

TABLE 1

Baseline characteristics of COVID-19 patients with or without diabetes upon admission

Variable

Patients without diabetes (n = 44)

Patients with diabetes (n = 22)

t/χ 2

P

Age, years

47.98 ± 15.11

52.55 ± 13.70

1.19

.237

Male, n (%)

28 (63.64)

16 (72.73)

0.55

.460

BMI, kg/m2

24.97 ± 3.07

26.75 ± 2.68

2.27

.027

Hypertension, n (%)

15 (55.56)

12 (44.44)

2.54

.111

White blood cell count, ×109/L

4.67 ± 1.46

5.86 ± 3.34

1.61

.120

Lymphocyte count, ×109/L

1.25 ± 0.53

1.01 ± 0.58

1.67

.101

Neutrophil count, ×10 /L

2.72 (2.13–3.57)

3.63 (2.50–5.72)

2.13

.033

Haemoglobin, g/L

146.55 ± 14.41

139.27 ± 16.30

1.85

.069

Platelet count, ×109/L

153.16 ± 43.99

156.55 ± 47.88

0.29

.776

FPG, mmol/L

5.65 ± 0.68

10.98 ± 3.74

9.11

<.001

TC, mmol/L

3.73 ± 0.71

3.93 ± 0.64

1.08

.284

TG, mmol/L

1.39 ± 1.08

1.42 ± 0.36

0.15

.878

CRP, mg/L

10.42 (4.24–34.20)

43.31 (23.93–87.77)

3.41

.001

AST, U/L

27.20 ± 13.18

30.30 ± 14.27

0.87

.386

ALT, U/L

31.14 ± 17.24

36.95 ± 25.37

0.93

.360

0.89

.378

9

CK, U/L

94.84 ± 76.89

78.23 ± 59.47

Severe cases, n (%)

4 (9.09%)

7 (31.82)

.033a

Data in bold means the difference between two groups is significant.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CK, creatine kinase; CRP, C-reactive protein; FPG,
fasting plasma glucose; TC, total cholesterol; TG, triglycerides.
a
Fisher's Exact Test.

TABLE 2

Severe cases

Logistical analysis of the association between diabetes and COVID-19 severity
Non-diabetes cases (n = 44)

Diabetes cases (n = 22)

P

7

4

Model 1

1.00 (ref.)

4.67 (1.19–18.26)

.027

Model 2

1.00 (ref.)

5.29 (1.07–26.02)

.041

Model 1: unadjusted; Model 2: adjusted for age and gender.

F I G U R E 1 Meta-analysis of the associations between diabetes mellitus (DM) and COVID-19 severity. (A) Forest plot of the COVID-19
severity for comparison between patients with and without diabetes; (B) sensitivity analysis of the COVID-19 severity for comparison between
patients with and without diabetes after excluding any single study one at a time

did not alter the direction or statistical difference (Figure 3B). Simi-

4

|

DI SCU SSION

larly, the funnel plots and Egger's test (t = 0.22, P = .834) did not show
the existence of any potential publication bias in the current study

To our knowledge, this is the first study to address the effect of

(Figure S2B).

diabetes on COVID-19 severity and the first meta-analysis to
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TABLE 3

Characteristics of the identified studies on COVID-19 severity in patients with and without diabetes
Non-diabetes cases, n (%)

Diabetes cases, n (%)

Author
Non-severe
Xiang TX et al.25

Severe

Non-severe

Severe

7 (14.89)

40 (85.11)

2 (100.00)

15

9 (50.00)

9 (50.00)

2 (66.67)

1 (33.33)

17

Wan Q et al.

15 (10.79)

124 (89.21)

6 (42.86)

8 (57.14)

Wang DW et al.14

28 (22.58)

96 (77.42)

8 (57.14)

6 (42.86)
9 (52.94)

Chen G et al.

Zhang JJ et al.

20

Liu L et al.19
21

Guan WJ et al.

Huang C et al.22
Liu JY et al.

16

Xu M et al.18
Cheng KB et al.24
Chen C et al.
This Study

FIGURE 2

23

0 (0)

50 (40.65)

73 (59.35)

8 (47.06)

3 (6.38)

44 (93.62)

4 (100.00)

145 (14.24)

873 (85.76)

28 (34.57)

53 (65.43)

12 (36.36)

21 (63.64)

1 (12.50)

7 (87.50)

14 (25.00)

42 (75.00)

3 (60.00)

4 (19.05)

17 (80.95)

161 (38.06)

262 (61.94)

19 (14.62)

111 (85.38)

5 (25.00)

15 (75.00)

4 (9.09)

40 (90.91)

7 (31.82)

15 (68.18)

0 (0)
20 (50.00)

0 (0)

2 (40.00)
2 (100.00)
20 (50.00)

Subgroup analysis of diabetes mellitus (DM) and the risk of COVID-19 severity (age <50 and ≥50 years)

investigate the associations of diabetes with the severity and fatality

chronic conditions influencing the severity of SARS-CoV-2, such as

of SARS-CoV-2 infection. As the results show, among our hospital-

diabetes, hypertension and obesity, have also been addressed in

ized cases, the severity rate of SARS-CoV-2 infection in patients

other respiratory illnesses such as SARS and MERS. For example,

with diabetes was 31.82%, which was much higher than that in

Yang et al have reported that the prevalence of known diabetes

COVID-19 patients without diabetes (9.09%). In the current meta-

among dead SARS patients was much higher (21.5%) than in survi-

analysis, patients with diabetes with COVID-19 were shown to have

vors (3.9%).8 In addition, ORs for severe MERS-CoV infection have

2.58- and 2.95-fold higher risks of severity and fatality compared

been reported to range from 7.2 to 15.7 in subjects with

with COVID-19 patients without diabetes, respectively. Indeed, the

diabetes.34,35
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F I G U R E 3 Meta-analysis of the associations between diabetes mellitus (DM) and COVID-19 fatality. (A) Forest plot of the COVID-19 fatality
for comparison between patients with and without diabetes; (B) sensitivity analysis of the COVID-19 fatality for comparison between patients
with and without diabetes after excluding any single study one at a time
TABLE 4

Characteristics of the identified studies on COVID-19 fatality in patients with and without diabetes
Non-diabetes cases, n (%)

Author

Diabetes cases, n (%)

Survival

Death

Survival

Death

Guan WJ et al.

1423 (97.47)

37 (2.53)

117 (90.00)

13 (10.00)

Zhou F et al.27

118 (76.13)

37 (23.87)

19 (52.78)

17 (47.22)

26

Yuan ML et al.

28

17 (80.95)

4 (19.05)

Fu L et al.29

55 (87.30)

8 (12.70)

Chen L et al.30

22 (91.67)

2 (8.33)

5 (100.00)

0 (0)

Fang XW et al.31

70 (98.59)

1 (1.41)

8 (100.00)

0 (0)

FIGURE 4

0 (0)
111 (81.02)

6 (100.00)
26 (18.98)

Subgroup analysis of diabetes mellitus (DM) and risk of COVID-19 fatality (age <50 and ≥50 years)

Although the exact interaction between diabetes and virus infec-

patients with a severe and particularly fatal course of COVID-19

tion is not well understood, results from previous studies could par-

seemed to die from small pulmonary emboli/thrombosis.38,39 Consid-

tially explain our findings. First, host defence to virus infection is

ering that diabetes was significantly associated with the development

largely mediated by innate immunity and the synthesis of related

of myocardial infarction and cerebrovascular thrombosis, it is rational

cytokines, such as interleukins and interferons.36 However, diabetes

to hypothesize that diabetes might increase poor outcomes of SRAS-

and its related conditions can downregulate the immune system by

CoV-2 infection by inducing a hypercoagulable state in COVID-19

impairing the function of innate immunity, such as chemotaxis, phago-

patients. Third, similar to SARS-CoV, SARS-CoV-2 infection is medi-

cytosis and the activity of neutrophils and macrophages, and then lead

ated by the binding of its spike protein to the cellular receptor, angio-

to severe illness.37 Second, the most recent studies report that many

tensin-converting enzyme 2 (ACE2), which also plays a pivotal role in
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the development of diabetes.40,41 Furthermore, in addition to the

collecting medical information in a retrospective manner. Therefore,

heart and lungs, ACE2 can be expressed in brain, liver, placenta and

caution should be taken when interpreting the findings. However, it

kidneys, providing a potential mechanism for the severity of symp-

would be difficult to conduct randomized controlled trials because of

toms and multi-organ dysfunction that can be observed in severe

ethical issues.

COVID-19 patients.42 Finally, the results from previous studies report

In conclusion, our findings provide new evidence that diabetes

that influenza virus and SARS-CoV infection could induce a transient

could significantly increase the risks of severity and fatality with

elevation of FPG levels.41,43 Although similar effects of SARS-CoV-2

SARS-CoV-2 infection. Given the potentially devastating effects of

infection were not observed in our patients, it cannot be concluded

hyperglycaemia and ketosis on multi-organ function, intensive moni-

that SARS-CoV-2 infection did not affect the FPG level because of

toring and insulin therapy would be helpful for the improvement of

the limited sample size in the current study.

outcomes in patients with diabetes with SARS-CoV-2 infection.

Recently, increasing numbers of clinical studies have reported
that circulating CRP levels, as well as lymphocyte and neutrophil
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inflammation induced by SARS-CoV-2 infections in patients with
diabetes.
After pooling together studies with a larger sample size, we
observed a significant association of diabetes with the severity and
fatality of SARS-COV-2 infection. Sensitivity analysis with an exclusion of studies one by one did not change the results materially,
suggesting that each included study may not have had a particularly
strong influence on the results. However, some limitations of our
study should be discussed. First, publication bias is inevitable in any
meta-analysis, and relevant articles may have been missed as we only
included studies published in English or Chinese. Second, some studies lacked sufficient information to be properly evaluated. For example, most researchers did not provide the exact dates of biomarker
measurements such as viral load, lymphocyte counts, CRP, ALT and
AST. Additionally, the potential impact of antidiabetic drugs on the
outcomes of patients with diabetes was not addressed in most studies. This might weaken the interpretation of our findings. Third,
because of the limited number of patients and outcomes in our study,
any adjustments made might cause issues with overfitting in the multivariable model. Therefore, more studies with large sample sizes
should be conducted to validate our findings, although the adjustment
made for potential confounding one at a time neither altered the
direction nor statistical difference, except for lymphocyte count and
CRP (Table S2). Finally, considering that all the studies included
adopted a retrospective study design, there may be bias in regard to
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