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ABSTRACT

BACKGROUND

Most studies have shown that diabetic patients with COVID-19 have a higher 

proportion of mortality and poor prognosis. However, there are still many 

controversial issue about the relationship between diabetes and COVID-19. 

PURPOSE

The purpose of this study is to summarize the clinical characteristics, disease 

prognosis and the risk factors for death of COVID-19 patients with diabetes.

DATA SOURCES

PubMed, Embase, Web of Science, Cochrane Library, China National Knowledge 

Infrastructure (CNKI) and Wanfang databases were searched for relevant articles. 

STUDY SELECTION

We included retrospective or prospective original articles comparing the 

characteristics of diabetic and non-diabetic patients with COVID-19.

DATA EXTRACTION

We collected data on demographic characteristics, clinical symptoms and signs, 

treatments and prognosis, etc.

DATA SYNTHESIS

A total of 17 articles met the conditions of this systematic review and meta-analysis, 

including 1310 diabetic patients. Our research found that elderly male diabetic 

patients with high body mass index were more susceptible to COVID-19 infection 

than non-diabetic patients. Besides, COVID-19 patients with diabetes had more 
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underlying comorbidities, were more likely to have various complications and usually 

need more treatments of mechanical ventilation and intensive care. In addition, male 

and dyspnea may be risk factors for in-hospital death. 

LIMITATIONS

There are still a lack of articles on the characteristics of diabetic patients with 

COVID-19, and further research is needed in a large sample.

CONCLUSIONS

Diabetes was associated with poor outcomes and mortality in patients with COVID-

19. More closely attention should be paid to the treatment and prevention for diabetic 

patients. 

INTRODUCTION

    Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), also known 

as 2019 novel coronavirus disease (COVID-19) has being spreading quickly 

worldwide [1, 2]. According to the World Health Organization (WHO) report [3], as of 

August 4, 2020, a total of 18,142,718 confirmed cases and 691,013 deaths were 

reported globally. According to some reports [4-10], elderly male patients with a 

combination of underlying diseases (such as diabetes, hypertension, and 

cardiovascular disease) were more likely to develop poor outcomes and death in 

COVID-19 patients.

As we all know, diabetic patients are high-risk groups of various infections due 

to low immune function [11]. According to previous reports [12-14], blood glucose levels 
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and diabetes are risk factors for death and poor prognosis for patients with Severe 

Acute Respiratory Syndrome (SARS) coronavirus and Middle East Respiratory 

Syndrome-related coronavirus (MERS-CoV). A retrospective analysis from Guan et 

al [15].showed that among 1,099 COVID-19 patients, 23.7% had underlying diseases, 

of which 7.4% were diabetes. Another study from Wang et al [16].found that 46.4% of 

138 hospitalized patients had underlying diseases, of which 10.1% were diabetes. 

Hyperglycemia is a high risk factor for secondary complications. But, it remains 

uncertain whether people with diabetes are more susceptible to COVID-19. Recently, 

many studies [17-19] have found that patients with diabetes are more likely to develop 

severe COVID-19. These epidemiological evidence suggests that diabetes may play a 

key role in patients with severe COVID-19. Nevertheless, the clinical characteristics, 

prognosis, and risk factors of death in COVID-19 patients with diabetes remain 

unclear. Few of studies have confirmed whether the impact of diabetes on COVID-19 

is associated with gender, age, symptoms, comorbidities and treatments, etc. 

Therefore, we conducted this systematic review and meta-analysis. The purpose is to 

summarize the clinical characteristics and prognosis of COVID-19 patients with 

diabetes, and to evaluate the risk factors for death in diabetic patients.

METHODS

Data Sources and Searches

This meta-analysis was performed in accordance with PRISMA (Preferred Reporting 

Items for Systematic Reviews and Meta-analyses) [20] and MOOSE (Meta-analysis of 
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Observational Studies in Epidemiology) guidelines [21]. In order to collect the clinical 

manifestations, disease prognosis and risk factors for mortality of diabetic patients 

with COVID-19, we searched for related articles published in China National 

Knowledge Infrastructure (CNKI), Wanfang, PubMed, Web of Science, Embase and 

Cochrane databases. We also searched for published studies from the reference lists of 

related articles. The retrieval time was from October 1, 2019 to July 26, 2020. 

Searching methodologies were conducted independently by two reviewers (Y. Mao, 

W. Lin) and disagreements were resolved through discussion. The search scope is 

limited to human studies, Chinese and English publications. Since the study is a 

systematic review of the literature, informed consent and institutional review board 

approval were not obtained. In addition, we limited the study to public information 

and did not contact with any human subjects. Supplementary materials table 1 

shows the MeSH terms used for the search, and Figure 1 shows the flow chart of the 

literature research and selection process.

Study Selection

The inclusion criteria were as follows: (i) Retrospective or prospective original 

articles; (ii) All COVID-19 patients met the diagnostic criteria of the World Health 

Organization (WHO) [22] or the criteria of "Novel Coronavirus Pneumonia Prevention 

and Control Guideline (7th edition)" [23] issued by the National Health Commission of 

the People's Republic of China; (iii) All confirmed COVID-19 patients had positive 

result of next-generation sequencing or real-time fluorescent RT-PCR; (iv) 

Characteristics of diabetic and non-diabetic patients were documented, and complete 
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medical records were available for data extraction; and (v) All the included literature 

could provide the required statistical indicators. Exclusion criteria: (i) The full text 

was not available; (ii) The experimental design did not meet the basic scientific 

requirements; (iii) The research subjects did not divided into diabetic and non-diabetic 

groups; (iv) Missing data on clinical characteristics, disease prognosis, or risk factors 

for death of COVID-19 patients with diabetes; (v) We also exclude articles such as 

reviews, meta-analyses, proposals, comments, letters, and meeting summaries. 

According to the "Novel Coronavirus Pneumonia Prevention and Control 

Guideline (7th edition)" [23] issued by the National Health Commission of the People's 

Republic of China, the patients were clinically classified: 1) Mild cases: The clinical 

symptoms are mild, and there are no signs of pneumonia in imaging; 2) Moderate 

cases: Have fever, respiratory tract and other symptoms, pneumonia can be seen on 

imaging examination. 3) Severe cases (any of the following): ①Respiratory distress, 

respiratory rate≥30 times/min; ②Oxygen saturation≤93% in resting state; 

③Oxygenation index [arterial partial pressure of oxygen (PaO2)/inhaled oxygen 

concentration (FiO2)]≤300mmHg (1 mmHg=0.133 kPa); 4) Critically ill cases (one of 

the following conditions): ①Respiratory failure requires mechanical ventilation; 

②Shock; ③Multiple organ failure requiring intensive care unit (ICU) monitoring. 

Diabetes is defined as a self-reported history of diabetes and the use of anti-diabetic 

drugs; otherwise, newly diagnosed diabetes is based on the classic signs of fasting 

blood glucose, random blood glucose, and hyperglycemia during hospitalization [24].
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Data Extraction and Quality Assessment

Data collection was completed independently by two participants (Y. Mao, W. Lin) 

based on a pre-designed data extraction form, any disagreements would be discussed 

with a research assistant (J. Weng). We collected data on demographic characteristics 

(age, sex, smoking history, body mass index (BMI), history of disease exposure), 

comorbidities (hypertension, cardiovascular disease, cerebrovascular disease, chronic 

kidney disease, chronic pulmonary disease, chronic liver disease and malignancy), 

signs (heart rate and respiratory rate), clinical symptoms (fever, cough, dyspnea, chest 

pain, diarrhea, nausea, vomiting, anorexia, headache, fatigue, myalgia, pharyngalgia, 

expectoration), laboratory results (white blood cell count, neutrophil count, C-reactive 

protein (CRP), albumin), radiological findings (unilateral pneumonia, bilateral 

pneumonia), treatment (antiviral therapy, antibiotic therapy, glucocorticoid therapy, 

immunoglobulin therapy, mechanical ventilation treatment, extracorporeal membrane 

oxygenation (ECMO) and continuous renal replacement therapy (CRRT), 

complications (acute respiratory distress syndrome, acute kidney injury, acute cardiac 

injury and shock), severity (mild, moderate, severe and critically ill cases), and 

prognosis (survive or death). The extracted information was reviewed by other co-

authors to verify their accuracy. 

      We used newcastle-ottawa scale (NOS) and Agency for Healthcare Research 

and Quality (AHRQ) scale for quality assessment. We used the NOS to assess the 

quality of cohort studies. This scale was usually represented by ★, with a maximum 

score of 9★, 5-9★indicated relatively high-quality. We used an 11-item checklist 
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which was recommended by AHRQ scale to assess the quality of cross-sectional 

studies. An item would be scored ‘0’ if it was answered ‘no’ or ‘unclear’; if it was 

answered ‘yes’, then the item scored ‘1’. Article quality was assessed as follows: low 

quality=0-3; moderate quality=4-7; high quality=8-11. We used a funnel-plot to detect 

publication bias in meta-analysis of more than 10 studies [25]. And judged the 

publication bias of the results by observing the symmetry of the funnel-plots. If the 

funnel-plots was roughly symmetrical, indicating that the publication bias was 

negligible. 

Data Synthesis and Analysis

We used STATA software (version 15.0) for all statistical analysis. For categorical 

variables, analysis was performed by calculating odds ratio (OR) with 95% 

confidence interval (95%CI). For continuous variables, analysis was performed by 

calculating weighted mean difference (WMD) with the corresponding 95% CI. 

Heterogeneity was measured with the I²test, the result was divided into insignificant 

(I²＜50%) and significant (I²≥50%) heterogeneity. We used the random-effects model 

to calculate the pooled effect when the study had significant heterogeneity (I²≥50%); 

Otherwise, the fixed-effects model was used to calculate the pooled effect (I²＜50%). 

If necessary, a sensitivity analysis was performed to examine the cause of 

heterogeneity. 

RESULTS

The entire process of literature collection and screening is illustrated in Figure 1. 
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Initially, 603 related articles were identified through database probing. Finally, 17 

articles[17-19, 26-31] meeting the inclusion criteria were involved in the analysis. Table 1 

shows the main characteristics of the included studies. Table 2 show the meta-

analysis results of the studies for COVID-19 patients with or without diabetes, and the 

meta-analysis results of survivors and non-survivors in patients with COVID-19 with 

diabetes. More intuitive results can be depicted in the forest-plots (Figure 2). All 

studies are observational studies. The research subjects were from China, England, 

France, South Korea and Turkey respectively. The study period spanned from 

December 25, 2019 to May 10, 2020. 

The comparison between diabetic and non-diabetic patients

Regarding the comparison between diabetic and non-diabetic patients with COVID-

19, 16 studies delineated patient characteristics[17-19, 26, 28-39], 14 studies described 

comorbidities[17-19, 26-30, 32, 34, 36-39], 14 studies compared signs and symptoms[17, 19, 26, 27, 

29, 30, 32-39], 10 studies outlined treatments[17, 19, 26, 29, 32-34, 37-39], 7 studies illustrated 

laboratory results and imaging findings[26, 32, 33, 35, 37-39], 8 studies presented 

complications [19, 26, 29, 32, 35-38] and 14 studies compared the prognosis of the disease[17-

19, 26, 27, 29, 30, 32-34, 36-39]. 

Demographic and clinical characteristics

Among the demographic characteristics, our research found that elderly male diabetic 

patients with high BMI were generally more susceptible to COVID-19 than non-

diabetics (Age: WMD=8.90 [2.47, 15.33]; Male: OR=1.32 [1.15, 1.52]; BMI: 

WMD=2.53 [0.04, 5.02]). Among clinical characteristics, we noticed that diabetic 
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patients with COVID-19 usually had higher proportions of hypertension, 

cardiovascular disease, cerebrovascular disease and chronic kidney disease than non-

diabetic patients (Hypertension: OR=2.63 [2.05, 3.36]; Cardiovascular disease: 

OR=2.14 [1.75, 2.62]; Cerebrovascular disease: OR=2.45 [1.14, 5.27]; Chronic 

kidney disease: OR=1.95 [1.38, 2.77]). Our research also found that compared with 

non-diabetic patients, diabetic patients with COVID-19 usually had more obvious 

symptoms of nausea, vomiting, anorexia and fatigue (Nausea or vomiting: OR=1.36 

[1.04, 1.79]; Anorexia: OR=1.29 [1.03, 1.61]; Fatigue: OR=1.32 [1.10, 1.59]). 

Furthermore, COVID-19 patients with diabetes had a faster heart rate than non-

diabetic patients (Heart rate: WMD=4.39 [1.33, 7.44]).

Laboratory results, radiologic findings and treatments

Diabetic patients had higher levels of white blood cell count (WMD=1.08 [0.38, 

1.78]), CRP (WMD=46.24 [20.67, 71.80]) and neutrophil count (WMD=0.98 [0.31, 

1.64]) than non-diabetic patients. But the diabetic group had lower albumin levels 

(WMD=-3.91 [-5.24, -2.58]). Furthermore, diabetic patients had a significant higher 

incidence of bilateral pneumonia. As we all know, antiviral therapy, anti-infective 

therapy, and supplemental oxygen were the most common treatments in both diabetic 

and non-diabetic groups. Compared with non-diabetic patients, COVID-19 patients 

with diabetes usually need more antibiotic therapy, mechanical ventilation support, 

ICU, ECMO and CRRT (Antibiotic therapy: OR=1.33 [1.07, 1.66]; Mechanical 

ventilation: OR=2.78 [2.18, 3.54]; ICU admission: OR=2.30 [1.75, 3.04]; ECMO: 

OR=6.72 [1.31, 34.47]; CRRT: OR=4.95 [1.14, 21.41]).
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Complications, and clinical outcomes

In terms of complications, our research found that diabetic patients with COVID-19 

were more likely to have adverse events, such as acute respiratory distress syndrome 

(ARDS), kidney injury, cardiac injury and shock (ARDS: OR=2.35 [1.85, 2.99]; 

Kidney injury: OR=2.74 [2.01, 3.72]; Cardiac injury: OR=2.13 [1.66, 2.73]; Shock: 

OR=4.89 [1.74, 13.71]). In terms of disease severity and prognosis, our research 

found that COVID-19 people with diabetes were generally more likely to develop into 

critically ill disease and had a higher mortality (Severe or critically ill cases: OR=2.66 

[2.12, 3.32]; Death: OR=2.52 [1.77, 3.58]).

Risk factors associated with mortality among diabetics

A total of 3 articles[17-19] analyzed the risk factors of death in patients with 

diabetes with COVID-19. Compared with non-diabetic patients, people with diabetes 

have more pronounced symptoms of dyspnea (OR=0.28 [0.14, 0.57]). In addition, our 

meta-analysis found that male patients with diabetes are at high risk of death (Male: 

OR=0.40 [0.23, 0.72]). Furthermore, our study also found out that compared with 

non-diabetic patients, diarrhea may be a positive protective factor in people with 

diabetes with COVID-19 (OR=4.64 [1.25, 17.28]). Due to the small sample size, a 

larger sample size is needed for further proof.

Quality assessment and publication bias

We used the NOS scale to assess the quality of 16 cohort studies[17, 19, 26-39]. The 

evaluation results showed that 12 articles[17, 19, 27, 28, 31-35, 37-39]were medium quality and 

4 articles[26, 29, 30, 36] were high quality (See supplementary material table 2). In 
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addition, we used the AHRQ scale to evaluate the quality of one cross-sectional 

study[18], and the evaluation results showed moderate quality (See supplementary 

material table 3). We used the funnel-plots to assess the publication bias only in 

meta-analysis that more than 10 articles[25] (See supplementary material Figure 2). 

The results showed that the funnel-plots were symmetrical on both sides, indicating 

no publication bias. In order to reduce publication bias, we searched not only the 

officially published articles, but also the literature published in medRxiv, Preprints 

and bioRxiv. Therefore, the publication bias was low.

DISCUSSION

As we all know, diabetes is a common comorbidity in patients with COVID-19 and is 

related to the poor prognosis of the disease[19]. Our research found that compared with 

the general COVID-19 patients, elderly male diabetic patients with high BMI were 

more susceptible to COVID-19. The results of our meta-analysis indicated that the 

symptoms of nausea, vomiting, anorexia and fatigue in diabetes group were 

significantly higher than that in the non-diabetes group. In addition, we found that 

there were more dead and critically ill patients were found in the diabetes group. 

Furthermore, compared with non-diabetic patients, diabetic patients with hypertension, 

cardiovascular disease, cerebrovascular disease and chronic kidney disease were at 

high risk of contracting COVID-19. It should be noted that COVID-19 people with 

diabetes were prone to adverse events (such as ARDS, kidney injury, cardiac injury 

and shock), and often required more mechanical ventilation support and ICU care, etc. 
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In terms of risk factors associated with mortality among diabetics, we found that male 

patients with COVID-19 were at high risk of death. If the patient had obvious 

shortness of breath, it often indicated a poor prognosis. 

At present, we still know little about the clinical features, disease prognosis 

and risk factors for death of COVID-19 patients with diabetes. We still lack 

experience in the prevention and treatment of patients with diabetes and COVID-19. 

The purpose of this systematic review and meta-analysis was to figure out the clinical 

characteristics, disease prognosis of patients with COVID-19 with diabetes, and 

evaluate the role of diabetes in the death of COVID-19 patients. 

Characteristics of patients with diabetes who have COVID-19

Several studies have reported a greater risk of severe COVID-19 in patients 

with diabetes[30, 40, 41]. Huang et al[40].found that diabetes is closely related to the 

mortality (RR: 2.12 [1.44, 3.11], p<0.001; I2=72%) and composite poor outcome (RR: 

2.38 [1.88, 3.03], p<0.001; I2=62%). Yan et al[17].also found that diabetes patients 

with severe COVID-19 had a higher mortality than patients without diabetes (HR: 

1.53, 95%CI [1.02~2.30]; P=0.041). Our systematic review and meta-analysis found 

that diabetes mellitus (DM) was associated with mortality and poor prognosis in 

patients with COVID-19, which is consistent with most previous studies[30, 40, 41]. DM 

is a chronic metabolic disease characterized by multiple microvascular and 

macrovascular disease which can damage our immune and defense system [42]. What’ 

s more, diabetes can cause a series of abnormalities, such as metabolic disorders, 

inflammatory response, immune deficiency and hypercoagulable state[11]. These 
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underlying factors make patients more likely to develop severe infections. Studies 

have shown that the angiotensin converting enzyme 2 (ACE2) may be the key to the 

poor prognosis of COVID-19 patients with diabetes[43]. Diabetic patients usually have 

a higher expression rate of ACE2, which also promotes the uptake of the virus and 

increases the risk of serious infection[40][43]. In addition, other potential factors leading 

to high mortality and poor prognosis in diabetic patients may be poor blood glucose 

control[17]. The blood sugar control of diabetics infected with COVID-19 was usually 

unsatisfactory, the reasons may be related to the use of glucocorticoid, nutritional 

support, and blood glucose fluctuations caused by the infection itself. 

Our research found that compared with non-diabetic patients, diabetic 

patients with COVID-19 had more significant gastrointestinal symptoms such as 

anorexia, nausea and vomiting. This may be related to autonomic neuropathy and 

abnormal secretion of gastrointestinal hormones in diabetic patients[32], so they are 

more likely to have gastrointestinal dysfunction when infected with COVID-19. 

Previous studies have shown that diabetic patients are usually more susceptible to 

various infections[44]. This is due to the lower function of white blood cells, 

macrophages, T cells and lymphocytes in diabetic patients which resulting in cellular 

immune damage[44]. In addition, some studies found that the levels of serum 

inflammation-related markers in patients with COVID-19 are significantly increased, 

such as CRP, procalcitonin, interleukin-6, interleukin-11, etc[32, 35, 38, 45, 46]. These 

markers are closely related to the poor prognosis of the disease. Our study found that 

the white blood cell count, neutrophil count and CRP levels of diabetic patients were 
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higher than those of non-diabetic patients, which was consistent with the above 

research, but the albumin level was lower. We know that albumin is one of the 

intuitive manifestations of the body's nutritional status and immune function. 

Compared with non-diabetic patients, diabetic patients have lower albumin levels in 

their bodies, which usually indicates poor nutritional status. 

Similar to previous studies [17], diabetic patients with COVID-19 in our study 

usually need more intensive care and mechanical ventilation treatments than those 

without diabetes. Cytokine release syndrome or inflammatory storm (“cytokine 

storm”) refers to a systemic inflammatory response caused by infection, drugs or 

other factors, which is characterized by a sharp increase in the level of pro-

inflammatory cytokines in the peripheral blood pro-inflammatory cytokines (such as 

interleukin-6, interleukin-18, interferon, Tumor necrosis factor, etc.)[47]. Studies have 

found that the generation of cytokine storms in COVID-19 patients can cause ARDS 

and multiple organ dysfunction outside the lungs, and is an important factor in the 

deterioration and even death of COVID-19[48]. Our study found that diabetic patients 

with COVID-19 were more likely to have bilateral pneumonia and multiple organ 

dysfunctions such as ARDS, kidney damage, heart damage and shock. So it is 

necessary to be alert to the occurrence of cytokine storm. For COVID-19 patients with 

organ dysfunction, early use of glucocorticoids and blood purification therapy may 

help improve the prognosis. In terms of treatment, compared to non-diabetic patients, 

we found that diabetic patients usually required more aggressive anti-infection 

treatment. This reminds the majority of medical staff that during the epidemic, the 
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blood sugar control of diabetic patients should be attached great importance; for 

diabetic patients who have been infected, active and effective anti-infection treatment 

should be adopted as soon as possible.

Risk factors for patients with diabetes and COVID-19

In the diabetic population with COVID-19, Our observations were onsistent with 

previous findings that more non-survivors were men [49, 50], combined with the 

literature reports, we analyzed the reasons as follows: 1). Many studies show that the 

testis is one of the organs with a high expression of ACE2 [51, 52]. 2). Women are 

protected by X chromosomes and sex hormones, which play an important role in 

innate and adaptive immunity [53]. In addition, our study also found the symptoms of 

dyspnea were more pronounced in non-survivors. Besides to our findings, some other 

factors may also lead to the mortality of COVID-19 patients, among which obesity 

may be the potential cause [54]. The study of Shi et al. [19] also found that the blood 

glucose level of non-survivors during hospitalization was higher than that of survivors. 

Therefore, frequent blood glucose monitoring and active hypoglycemic treatment are 

very necessary measures for diabetic patients.

The strengths of our study are discussed as follows. First, our study provides 

a detailed and comprehensive summary of the clinical manifestations and prognosis of 

patients with diabetes and non-diabetics after being infected with COVID-19. Second, 

our study also found that diabetic patients are prone to various complications and 

easily develop into severe patients and lead to death. In addition, this article still has 

some limitations: First, the results of laboratory tests in the article are mainly 
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expressed in median and interquartile range, so the data from most studies cannot be 

included in the final meta-analysis. Secondly, there are still a lack of articles on the 

clinical characteristics and disease prognosis of diabetic patients with COVID-19, and 

further research is needed in a large sample.

In summary, our research found that elderly male patients with diabetes were 

more likely to contract COVID-19. Diabetic patients who have been infected with 

COVID-19 usually require more aggressive anti-infective treatment, mechanical 

ventilation support and ICU care. In addition, COVID-19 patients with diabetes 

usually suffer from multiple underlying diseases and are prone to various adverse 

complications. Therefore, when treating COVID-19, we should adopt more active and 

effective treatments for diabetic patients.
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Tables and Figures

Table 1: Main characteristics of the studies for patients with COVID-19 with or without 
comorbid diabetes1

Study Age 
(years)

Sex 
(male) 

SS Country Design Setting NOS/
AHRQ

Yan, Y
(2020)

DM: 70 (62~77); 
Non-DM: 60 (43~71)

114 
(59.1%)

193 China Single-center, retrospective, 
observational study

2020.01.10~
2020.02.24

6

Alkundi, A
(2020)

DM: 71.4 (13.1); 
Non-DM: 69.9 (17.1)

145 
(62.5%)

232 England Single-center, retrospective, 
cross-sectional study

2020.03.10~
2020.05.10

6 

Shi, Q
(2020)

DM: 64 (56~72); 
Non-DM: 65 (56~72)

150 
(49.0%)

306 China Two-center, retrospective, 
observational study

2020.01.01~
2020.03.08

7

Zhang, Y
(2020)

DM: 65 (57-71); 
Non-DM: 64 (55-70)

138 
(53.5%)

258 China Single-center, retrospective, 
cohort study

2020.01.29~
2020.02.12

8

Chen, Y
(2020)

DM: 66 (60.5~73.5); 
Non-DM: 56 (38~67)

183 
(53.7%)

341 China Single-center, retrospective, 
observational study

2020.01.01~
2020.03.17

5

Targher, G
(2020)

DM: 57.0 (11.7);
Non-DM: 46.5 (15.7)

160 
(47.2%)

339 China Multi-center, retrospective, 
cohort study.

2020.01~
2020.02

6

Li, H
(2020)

In total: 61 (49~68) 236 
(52.1%)

453 China Single-center, retrospective, 
observational study.

2020.01.22~
2020.03.17

8

Guo, W. N
(2020)

DM: 61 (55~69); 
Non-DM: 58 (47~66)

76 
(43.7%)

174 China Single-center, retrospective, 
observational study.

2020.02.10~
2020.02.29

8

Ozder, A
(2020)

DM: 57.00 (11.03); 
Non-DM: 58.02 (12.16)

181 
(56.6%)

320 Turkey Single-center, retrospective, 
observational study.

2020.02~
2020.04

7

Wang, F 
(2020)

DM: 66.5 (8.3); 
Non-DM: 60.0 (9.0)

56
(48.7%)

115 China Single-center, retrospective, 
observational study.

2020.01.30~
2020.02.14

6

Liu, W
(2020)

DM: 68.97 (11.05); 
Non-DM: 46.5 (15.8)

84
(43.3%)

194 China Single-center, retrospective, 
cohort study.

2019.12.30~
2020.03.01

7

Ji, Y. L
(2020)

DM: 66 (60 ~74);
Non-DM: 66 (61~75)

86
(61.0%)

141 China Single-center, retrospective, 
cohort study.

2020.01.31~
2020.03.15

7

Zhao, X. Y
(2020) 

DM: 66 (60 ~74);
Non-DM: 66 (61~75)

63
(54.3%)

116 China Single-center, retrospective, 
observational study.

2020.01.17~
2020.03.16

7

Al Salameh, A
(2020)

DM: 72 (63.5-83);
Non-DM: 73 (59-84)

238
(55.1%)

432 France Single-center, retrospective, 
cohort study.

Up until 
2020.04.21

8

Shang, J 
(2020)

In total: 59 (25~75) 307
(52.6%)

584 China Single-center, retrospective, 
cohort study

2019.12.25~
2020.03.20

6

Chung, S. M 
(2020)

DM: 66.3 (8.9);
Non-DM: 53.5 (17.9)

48 
(43.6%)

110 South 
Korea

Single-center, retrospective, 
cohort study

NA 6

Zhang, Y
(2020)

In total: 62.7 (14.2) 85 
(51.2%)

166 China Single-center, retrospective, 
cohort study

2020.02.08~
2020.03.21

6

1Data are expressed as means ± standard deviations (SDs), medians and interquartile ranges (IQRs) 
or relative percentages. Abbreviations: SS: Sample size; NOS: The Newcastle-Ottawa scale; 
AHRQ: The Agency for Healthcare Research and Quality scale; DM: Diabetes mellitus. 
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Table 2 The characteristics of diabetic or non-diabetic patients with COVID-19, and the 
characteristics of survivors and non-survivors in patients with COVID-19 with diabetes

Variable Definition
Number 
of studies

Size
(n)

OR/WMD 
(CI 95%) I2

The characteristics of diabetic or non-diabetic patients with COVID-19
Patient characteristics 　 　 　 　

Age, years Continuous 7 1426 8.90 [2.47, 15.33] 94.9%
Male Yes vs. No 16 4133 1.32 [1.15, 1.52] 0.0%

Smoking Yes vs. No 7 1840 1.18 [0.89, 1.57] 32.4%
BMI, kg/m2 Continuous 3 804 2.53 [0.04, 5.02] 94.1%

Exposure history Yes vs. No 5 1233 0.78 [0.46, 1.34] 70.5%
Signs and symptoms 　 　 　 　 　

Heart rate, rpm Continuous 2 304 4.39 [1.33, 7.44] 28.5%
Respiratory rate, bpm Continuous 2 304 0.57 [-1.40, 2.53] 57.5%

Fever Yes vs. No 13 3378 0.88 [0.73, 1.06] 41.1%
Cough Yes vs. No 13 3379 1.04 [0.88, 1.22] 21.3%

Dyspnea Yes vs. No 11 2616 1.18 [0.98, 1.43] 10.6%
Chest pain Yes vs. No 6 1359 0.54 [0.31, 0.94] 0.0%
Diarrhea Yes vs. No 10 2475 0.97 [0.76, 1.23] 34.5%

Nausea or vomiting Yes vs. No 10 2506 1.36 [1.04, 1.79] 16.8%
Anorexia Yes vs. No 7 1933 1.29 [1.03, 1.61] 37.3%
Headache Yes vs. No 9 1891 0.56 [0.39, 0.81] 0.0%
Fatigue Yes vs. No 10 2706 1.32 [1.10, 1.59] 33.8%
Myalgia Yes vs. No 8 2167 1.15 [0.90, 1.47] 0.0%

Pharyngalgia Yes vs. No 6 1776 0.80 [0.52, 1.24] 24.1%
Expectoration Yes vs. No 6 1243 0.97 [0.75, 1.26] 21.2%

Comorbidities
Hypertension Yes vs. No 14 3843 2.63 [2.05, 3.36] 56.4%

Cardiovascular disease Yes vs. No 13 3504 2.14 [1.75, 2.62] 0.0%
Cerebrovascular disease Yes vs. No 9 1916 2.45 [1.14, 5.27] 51.8%

Chronic pulmonary disease Yes vs. No 12 3364 0.93 [0.69, 1.27] 0.0%
Chronic kidney disease Yes vs. No 11 3196 1.95 [1.38, 2.77] 38.3%

Digestive system disease Yes vs. No 8 2249 1.44 [0.86, 2.42] 0.0%
Malignancy Yes vs. No 11 3196 1.18 [0.85, 1.63] 0.0%

Radiological findings
Unilateral pneumonia Yes vs. No 4 1146 0.43 [0.24, 0.77] 3.1%
Bilateral pneumonia Yes vs. No 5 1312 2.27 [1.50, 3.45] 7.1%

Laboratory findings
White blood cell count, ×109/L Continuous 2 304 1.08 [0.38, 1.78] 0.0%

Neutrophil count, ×109/L Continuous 2 304 0.98 [0.31, 1.64] 32.9%
C-reactive protein, mg/L Continuous 2 226 46.24 [20.67, 71.80] 0.0%

Albumin, g/L Continuous 3 341 -3.91 [-5.24, -2.58] 0.0%
Treatments
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Antiviral therapy Yes vs. No 6 1961 0.81 [0.59, 1.10] 27.7%
Antibiotic therapy Yes vs. No 7 2071 1.33 [1.07, 1.66] 36.9%

Glucocorticoid therapy Yes vs. No 7 2071 1.15 [0.66, 2.01] 85.0%
Immunoglobulin therapy Yes vs. No 5 1703 1.06 [0.62, 1.82] 76.9%
Mechanical ventilation Yes vs. No 10 2520 2.78 [2.18, 3.54] 29.9%

ICU admission Yes vs. No 7 2244 2.30 [1.75, 3.04] 0.0%
ECMO Yes vs. No 3 674 6.72 [1.31, 34.47] 0.0%
CRRT Yes vs. No 3 582 4.95 [1.14, 21.41] 0.0%

Complications
ARDS Yes vs. No 8 2372 2.35 [1.85, 2.99] 0.0%

Kidney injury Yes vs. No 7 2217 2.74 [2.01, 3.72] 45.7%
Cardiac injury Yes vs. No 7 2154 2.13 [1.66, 2.73] 47.2%

Shock Yes vs. No 3 869 4.89 [1.74, 13.71] 70.1%
Prognosis

Mild or moderate cases Yes vs. No 8 2251 0.38 [0.30, 0.48] 41.0%
Severe or critically ill cases Yes vs. No 9 2366 2.66 [2.12, 3.32] 32.8%

Death Yes vs. No 14 3699 2.52 [1.77, 3.58] 58.3%
The characteristics of survivors and non-survivors in patients with COVID-19 with diabetes

Patient characteristics 　 　 　 　

Gender Male vs. Female 3 288 0.40 [0.23, 0.72] 46.5%
Comorbidities
Hypertension Yes vs. No 3 288 0.60 [0.12, 3.11] 79.3%

Cardiovascular disease Yes vs. No 3 288 0.44 [0.17, 1.19] 51.6%
Cerebrovascular disease Yes vs. No 2 201 0.32 [0.10, 1.02] 0.0%

Chronic pulmonary disease Yes vs. No 3 288 0.48 [0.19, 1.22] 0.0%
Malignancy Yes vs. No 2 240 1.00 [0.25, 3.95] 0.0%
Symptoms 　 　 　 　 　

Fever Yes vs. No 2 201 0.70 [0.29, 1.73] 0.0%
Cough Yes vs. No 2 201 0.33 [0.02, 5.25] 88.7%

Dyspnea Yes vs. No 2 201 0.28 [0.14, 0.57] 0.0%
Diarrhea Yes vs. No 2 201 4.64 [1.25, 17.28] 0.0%

Nausea or vomiting Yes vs. No 2 201 0.76 [0.18, 3.29] 0.0%
Anorexia Yes vs. No 2 201 0.64 [0.31, 1.30] 0.0%
Headache Yes vs. No 2 201 0.74 [0.13, 4.34] 0.0%
Fatigue Yes vs. No 2 201 0.58 [0.28, 1.21] 0.0%

Abbreviation: BMI: Body mass index; ICU: Intensive care unit; ECMO: extracorporeal membrane 
oxygenation; CRRT: continuous renal replacement therapy; ARDS: Acute respiratory distress 
syndrome.
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Figure 1 The flow chart of the literature research and selection process.
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Figure 2 The forest-plots of meta-analysis results for COVID-19 patients with or without 
diabetes
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