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Abstract
Purpose: Coronavirus disease 2019 (COVID-19) has become a topic of concern worldwide; however, 
the impacts of type 2 diabetes mellitus (T2DM) on disease severity, therapeutic effect, and mortality of 
patients with COVID-19 are unclear.
Methods: All consecutive patients with COVID-19 admitted to the Renmin Hospital of Wuhan University 
from January 11 to February 6, 2020, were included in this study.
Results: A total of 663 patients with COVID-19 were included, while 67 patients with T2DM accounted for 
10.1% of the total. Compared with patients with COVID-19 without T2DM, those with T2DM were older 
(aged 66 years vs 57 years; P < 0.001) and had a male predominance (62.7% vs 37.3%; P = 0.019) and higher 
prevalence of cardiovascular diseases (61.2% vs 20.6%; P  < 0.001) and urinary diseases (9% vs 2.5%; 
P = 0.014). Patients with T2DM were prone to developing severe (58.2% vs 46.3%; P = 0.002) and critical 
COVID-19 (20.9% vs 13.4%; P = 0.002) and having poor therapeutic effect (76.1% vs 60.4%; P = 0.017). But 
there was no obvious difference in the mortality between patients with COVID-19 with and without T2DM 
(4.5% vs 3.7%; P = 0.732). Multivariate logistic regression analysis identified that T2DM was associated 
with poor therapeutic effect in patients with COVID-19 (odd ratio [OR] 2.99; 95% confidence interval [CI], 
1.07-8.66; P = 0.04). Moreover, having a severe and critical COVID-19 condition (OR 3.27; 95% CI, 1.02-9.00; 
P = 0.029) and decreased lymphocytes (OR 1.59; 95% CI, 1.10-2.34; P = 0.016) were independent risk factors 
associated with poor therapeutic effect in patients with COVID-19 with T2DM.
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Conclusions: T2DM influenced the disease severity and therapeutic effect and was one of the independent 
risk factors for poor therapeutic effect in patients with COVID-19.

Key Words:  coronavirus disease 2019, type 2 diabetes mellitus, disease severity, therapeutic effect, risk factors

Coronavirus is named coronavirus because it looks like 
a corolla. Severe acute respiratory syndrome coronavirus 
(SARS-CoV) (1), Middle East respiratory syndrome cor-
onavirus (MERS-CoV) (2), and SARS-CoV-2 (previously 
known as 2019-nCoV) (3) are now well known around the 
world. Additionally, there are coronaviruses named 229E, 
OC43, and human enteric coronavirus (4). Coronaviruses 
are single-stranded ribonucleic acids that are infectious 
and sensitive to ether, chloroform, 75% medical alcohol, 
and ultraviolet light. Currently, no drugs and vaccines can 
be used to efficaciously prevent it or cure patients with 
coronavirus.

In December 2019, the SARS-CoV-2 broke out in 
Wuhan, Hubei Province, China. Because the outbreak 
of SARS-CoV-2 was near the Chinese traditional spring 
festival, the virus spread from Wuhan to all parts of 
the country with those returning home. On January 
30, 2020, the World Health Organization (WHO) an-
nounced that the SARS-CoV-2 epidemic was listed as a 
public health emergency of international concern. This 
public infectious disease has become the biggest threat to 
public health in China and even the world. As of June 26, 
2020, a total of 9,715,530 patients with COVID-19 have 
been diagnosed worldwide, and 491,995 patients have 
died. Among the diagnosed patients in China, most were 
aged 30 to 79 years (86.6%); patients in Hubei Province 
accounted for 74.7%, and the majority of patients with 
COVID-19 were in mild and moderate condition, ac-
counting for 80.9%. From the perspective of patient 
comorbidities, the proportion of patients with diabetes is 
5.3% in China (5).

Up to 10.4% of Chinese individuals have type 2 dia-
betes mellitus (T2DM), and the total number of people 
with diabetes in China ranks first in the world and ex-
ceeds 100 million (6). Excessive fluctuations in blood glu-
cose levels in patients with diabetes can cause glucose, fat, 
and protein metabolic disorders with long-term hypergly-
cemic conditions, which lead to a decline in the body’s 
immune function and reduction in respiratory organ 
function. Thus, intrapulmonary infection is very common 
and prone to severe pneumonia in patients with diabetes 
(7). The severe stress response triggered by severe pneu-
monia will lead to proinflammatory and anti-inflamma-
tory balance disorders in the body. The immense release 
of catecholamines and glucocorticoids induces blood glu-
cose elevation, further aggravating the infection, leading 
to a vicious cycle of the disease. When it becomes severe, 

pneumonia is a threat for patients with diabetes (8). Severe 
pneumonia and diabetes induce each other; diabetes will 
promote the onset of pneumonia, and the patient’s infec-
tion is difficult to control.

The purpose of this study was to analyze the clinical 
characteristics of patients with COVID-19 with T2DM and 
find the impacts of T2DM on disease severity, therapeutic 
effect, and mortality of patients with COVID-19.

Materials and Methods

Study design and patient cohort

We retrospectively analyzed the clinical characteristics of all 
consecutive patients diagnosed with COVID-19 admitted to 
the Renmin Hospital of Wuhan University from January 11 
to February 6, 2020. Oral or telephone informed consent 
was obtained from all survival patients or the first-degree 
relatives of patients who had died who were enrolled in the 
study when we contacted patients with COVID-19 or their 
families for patient information. The diagnosis was based 
on the positive result of real-time reverse transcription poly-
merase chain reaction, which is the presence of SARS-CoV-2 
in both the nasal and pharyngeal swab specimens. The clin-
ical outcomes were followed up through February 9, 2020. 
This study was approved by the Ethics Committee of the 
Renmin Hospital of Wuhan University.

We collected clinical data including basic information 
(age, gender, occupation), comorbidities (classified by sys-
tems), symptoms and signs, laboratory findings, chest com-
puted tomography (CT) images, hospital stay, and primary 
outcomes including disease severity at admission (patient 
condition), therapeutic effect (improvement or no improve-
ment), and mortality. The criteria used to define CT find-
ings as “normal” and “abnormal” was based on interim 
guidelines for COVID-19 (trial implementation of the re-
vised fifth edition) from the National Health Organization 
and Commission of China (9). When chest CT finding 
showed the following features, it was defined as normal: 
no enlargement of 2 hilus pulmonis; unobstructed trachea 
and bronchi; clear blood vessels; no enlarged lymph nodes 
in mediastinum; no abnormalities in pleura, ribs, and soft 
tissues of the chest wall; and no hydrothorax. Otherwise, 
chest CT images were regarded as abnormal. CT images 
were independently reviewed by 2 radiologists, and all dis-
crepancies were resolved by consensus. CT images with the 
following features were defined as pneumonia: multiple 
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small, patchy shadows and interstitial changes or multiple 
ground-glass opacity and infiltrating shadow in the lungs. 
When chest CT images showed pneumonia was just on 1 
side of lungs, it was defined as “single side,” and when chest 
CT images showed bilateral pneumonia, it was defined as 
“double sides.”

The disease severity is determined based on the in-
terim guidelines for COVID-19 from the National Health 
Organization and Commission of China and the WHO (9, 
10). According to the patient’s symptoms and signs, labora-
tory findings, and imaging results at admission, the disease 
severity of patients with COVID-19 (patient condition) is 
classified into the following 4 types of conditions: mild, 
moderate, severe, and critical. Patients with mild clinical 
symptoms and no finding of pneumonia on chest CT image 
were considered as having a mild condition. If patients had 
a fever or respiratory symptoms, they were classified into 
the moderate condition. Once the patients had 1of the fol-
lowing 3 symptoms, they were treated as severe: respira-
tory disorders and respiratory rate more than 30 times per 
minute, blood oxygen saturation of fingertips below 93% 
at rest, or partial arterial oxygen pressure/fraction of in-
spired oxygen ≤300 mmHg. Patients with 1 of the following 
3 serious situations were considered as critical: respiratory 
failure requiring mechanical ventilation, state of shock, or 
other organ failure requiring treatment in the intensive care 
unit. The criteria of therapeutic effect are based on interim 
guidelines for COVID-19 (trial implementation of the re-
vised fifth edition) from the National Health Organization 
and Commission of China (9). When the patient had 1 of 
the following conditions during follow-up, the patient’s 
therapeutic effect was considered as improvement: (1)Body 
temperature returned to normal (below 37.3°C) for at least 

3  days, and respiratory symptoms improved significantly 
(disappeared or obviously relieved); (2) gradual reduction 
of pulmonary inflammation according to lung CT image 
analysis (obviously reduced shadow area); (3)negative re-
sults in 2 consecutive tests for SARS-CoV-2 real-time reverse 
transcription polymerase chain reaction detection (sampling 
time at least 1 day apart). Otherwise, the patient's thera-
peutic effects were regarded as having no improvement.

Forty-six patients who had type I diabetes (1 patient), 
missing data (32 patients), or transferred to other hospitals 
(13 patients) were excluded. A total of 663 patients with 
COVID-19 were included in the study (Fig. 1). Based on 
whether or not the patients had T2DM (diagnostic criteria 
of T2DM based on Chinese Guidelines for the Prevention 
and Treatment of Type 2 Diabetes, 2017 Edition) (6), the 
patients were divided into the T2DM group and the non-
T2DM group. The clinical characteristics of the 2 groups 
were compared to observe the differences between patients 
with COVID-19 with and without T2DM and to attain the 
impact of T2DM on disease severity, therapeutic effect, and 
mortality of patients with COVID-19.

Statistical analysis

Statistical analysis was performed using R software (version 
3.4.1). The comparison of variables between those with and 
without T2DM was performed using the Fisher exact test or 
the chi-square. The risk factors associated with therapeutic 
effect (no improvement) were analyzed using logistic regres-
sion. All variables associated with therapeutic effect were in-
cluded in the univariate regression model, and all variables 
with P < 0.05 level in univariate analyses were entered into 
the logistic multivariate regression models. Estimates were 

Figure 1. Flow diagram of included patients. COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; 
RT-PCR, real-time reverse transcription polymerase chain reaction; T2DM, type 2 diabetes mellitus.
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odds ratios (ORs) with their 95% confidence intervals (CI). 
Statistical significance was set at P < 0.05 (2-tailed).

Results

A total of 663 patients diagnosed with COVID-19 were in-
cluded in our study (Fig. 1). Of those, 67 patients had T2DM 
(25 women and 42 men), which accounted for 10.1% 
of all patients with COVID-19. Among 67 patients with 
T2DM, 9 patients maintained blood glucose by subcuta-
neous injection of long-acting insulin (insulin glargine or 
insulin detemir injection) once a day at bedtime and short-
acting insulin (insulin aspart or recombinant human insulin 
lispro injection) before each meal. Seventeen patients sub-
cutaneously injected premixed insulin twice daily (insulin 
aspart 30 or isophane protamine biosynthetic human in-
sulin premixed 30R or mixed protamine zinc recombinant 
human insulin lispro injection-25R/50R). Twelve patients 
combined premixed insulin subcutaneously injected twice 
daily with an alpha-glycosidase inhibitor (acarbose tablets) 
before lunch. Nineteen patients were administered oral 
metformin hydrochloride tablets and alpha glycosidase in-
hibitors (acarbose tablets). Ten patients were administered 
oral sulfonylureas (gliclazide or glimepiride tablets) com-
bined with alpha-glycosidase inhibitors (acarbose tablets). 

According to the medical records, no newly diagnosed pa-
tients with T2DM or patients with large blood glucose fluc-
tuations were found during the whole follow-up process.

Differences in baseline characteristics between 
patients with and without T2DM with COVID-19

Table 1 shows the baseline characteristics in patients with 
COVID-19 with or without T2DM. Patients with T2DM 
were older than patients without T2DM (aged 66 years vs 
57 years; P < 0.001). Of 67 patients with T2DM, there was 
a significant male predominance (62.7% vs 37.3% for male 
and female, respectively; P = 0.019). Most of the patients 
with T2DM were retired (62.7% vs 31.0%; P  <  0.001). 
Additionally, patients with T2DM had more underlying 
diseases: higher prevalence of cardiovascular diseases 
(61.2% vs 20.6%; P < 0.001) and urinary diseases (9% vs 
2.5%; P = 0.014).

Differences in symptoms and signs between 
patients with and without T2DM with COVID-19

We analyzed symptoms and signs of patients with SARS-
CoV-2, and the differences between patients with COVID-
19 with and without T2DM. As shown in Table 2, most 

Table 1. Clinical characteristics of patients with COVID-19 with and without type 2 diabetes mellitus hospitalized in Wuhan, 

China

Total (n = 663) With T2DM (n = 67) Without T2DM (n = 596) P Value

Age, years, mean (IQR) 58 (44, 69) 66 (60, 74) 57 (42, 68) <0.001
 <60 348 (52.5) 16 (23.9) 332 (55.7)  
 ≥60 315 (47.5) 51 (76.1) 264 (44.3) <0.001
Gender    0.019
 Female 342 (51.6) 25 (37.3) 317 (53.2)  
 Male 321 (48.4) 42 (62.7) 279 (46.8)  
Occupation    <0.001
 Retired 227 (34.2) 42 (62.7) 185 (31.0)  
 Employee 189 (28.5) 4 (6.0) 185 (31.0)  
 Unemployed 30 (4.5) 2 (3.0) 28 (4.7)  
 Civil servant 22 (3.3) 2 (3.0) 20 (3.4)  
 Self-employed 12 (1.8) 0 (0) 12 (2.0)  
 Farmer 8 (1.2) 0 (0) 8 (1.3)  
 Student 3 (0.5) 0 (0) 3 (0.5)  
 Others 172 (25.9) 17 (25.4) 155 (26.0)  
Comorbidities
 Respiratory diseases 51 (7.7) 7 (10.4) 44 (7.4) 0.515
 Cardiovascular diseases 164 (24.7) 41 (61.2) 123 (20.6) <0.001
 Digestive diseases 31 (4.7) 6 (9.0) 25 (4.2) 0.116
 Urinary diseases 21 (3.2) 6 (9.0) 15 (2.5) 0.014
 Cancer 14 (2.1) 1 (1.5) 13 (2.2) 1
 Immune diseases (%) 6 (0.9) 1 (1.5) 5 (0.8) 0.474

Data are n (%), n/N (%), mean (SD), and median (IQR). P < 0.05 was considered statistically significant.
Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range; SD, standard deviation; T2DM, type 2 diabetes mellitus.
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patients with COVID-19 had fever (79.5%). However, 
there were no significant differences in symptoms and signs 
between patients with and without T2DM.

Differences in laboratory findings and chest CT 
images between patients with and without T2DM 
with COVID-19

Table  3 shows the results of laboratory findings and 
chest CT images of patients diagnosed with COVID-
19 and which also analyzed the differences of patients 
with and without T2DM with COVID-19. Laboratory 
findings showed that white blood cell count (76.4%), 
neutrophil count (62.2%), hemoglobin (64.3%), ala-
nine aminotransferase (ALT) (75.5%), aspartate 
aminotransferase (AST; 72.3%), and creatinine (Cr; 
89.0%) were within normal range in most patients 
diagnosed with COVID-19. Most of the patients had 
lymphopenia (54.5%) and hypoalbuminemia (72.2%). 
Furthermore, lactate dehydrogenase (LDH; 51.9%) 
and C-reactive protein (CRP; 71.2%) were above the 
normal range. The neutrophil count (40.6% vs 29.4%; 
P = 0.036) was significantly more increased in patients 
with T2DM than in patients without T2DM. However, 
hemoglobin (50.0% vs 33.7%; P = 0.009) and albumin 
(82.8% vs 71.0%; P  =  0.045) were significantly more 
decreased in patients with T2DM than patients without 
T2DM. There were no significant differences in white 

blood cell count, ALT, AST, Cr, LDH, and CRP between 
the 2 groups. Chest CT images showed that most of the 
patients diagnosed with COVID-19 predominantly had 
bilateral pneumonia (92.6%). However, there was no 
significant difference in chest CT images between the 
T2DM and non-T2DM group.

Differences in outcomes and hospital stay 
between patients with and without T2DM with 
COVID-19

Table 4 shows the primary outcomes (including disease 
severity at admission, therapeutic effect, and mortality) 
and hospital stay of patients with and without T2DM 
with COVID-19. Of all patients with COVID-19, 69.1% 
of patient hospital stays were less than 7 days. Most of 
the patients were in a severe (47.55%) and a moderate 
(37.9%) state, while 62% of the patients had no im-
provement after treatment, and 3.8% of patients died. 
There was no significant difference in hospital stay and 
mortality for patients with or without T2DM. However, 
patients with T2DM were more likely to develop se-
vere (58.2% vs 46.3%; P = 0.002) and critical COVID-
19 (20.9% vs 13.4%; P = 0.002) than patients without 
T2DM. Additionally, the therapeutic effect of patients 
with T2DM was worse than in patients without T2DM 
(76.1% vs 60.4%; P = 0.017).

Table 2. Signs and symptoms of patients with COVID-19 with and without type 2 diabetes mellitus hospitalized in Wuhan, 

China

Total (n = 663) With T2DM (n = 67) Without T2DM (n = 596) P Value

Respiratory symptoms 
 Dry cough 410 (61.8) 40 (59.7) 370 (62.1) 0.805
 Expectoration 166 (25.0) 19 (28.4) 147 (24.7) 0.608
 Dyspnea 161 (24.3) 14 (20.9) 147 (24.7) 0.595
 Chest tightness 154 (23.2) 13 (19.4) 141 (23.7) 0.529
Digestive symptoms
 Diarrhea 71 (10.7) 6 (9.0) 65 (10.9) 0.779
 Nausea 31 (4.7) 6 (9.0) 25 (4.2) 0.116
 Vomiting 17 (2.6) 3 (4.5) 14 (2.3) 0.242
 Bloating 8 (1.2) 1 (1.5) 7 (1.2) 0.576
 Abdominal pain 5 (0.8) 0 5 (0.8) 1
Systemic symptoms
 Fever 527 (79.5) 57 (85.1) 470 (78.9) 0.301
 Fatigue 208 (31.4) 26 (38.8) 182 (30.5) 0.213
 Muscle aches 63 (9.5) 9 (13.4) 54 (9.1) 0.349
 Dizziness 23 (3.5) 3 (4.5) 20 (3.4) 0.499
 Headache 20 (3.0) 2 (3.0) 18 (3.0) 1
Neurological symptoms
 Unconsciousness 10 (1.5) 1 (1.5) 9 (1.5) 1

Data are n (%) unless specified otherwise. P < 0.05 was considered statistically significant.
Abbreviations: COVID-19, coronavirus disease 2019; T2DM, type 2 diabetes mellitus.
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Table 3. Laboratory findings and chest CT images of patients with COVID-19 with and without type 2 diabetes mellitus 

hospitalized in Wuhan, China

Total (n = 663) With T2DM (n = 67) Without T2DM (n = 596) P Value

Blood routine

White blood cell count, × 109 per L    0.130 

 <4 66 (10.7) 5 (7.8) 61 (11.0)  

 4-10 473 (76.4) 47 (73.4) 426 (76.8)  

 >10 80 (12.9) 12 (18.8) 68 (12.3)  

Neutrophil count, × 109 per L    0.036 

 <1.8 45 (7.3) 2 (3.1) 43 (7.7)  

 1.8-6.3 385 (62.2) 36 (56.3) 349 (62.9)  

 >6.3 189 (30.5) 26 (40.6) 163 (29.4)  

Lymphocyte count, × 109 per L    0.452

 <1.1 338 (54.6) 38 (59.4) 300 (54.1)  

 1.1-3.2 275 (44.4) 25 (39.1) 250 (45.0)  

 >3.2 6 (1.0) 1 (1.6) 5 (0.9)  

Hemoglobin, g/L    0.009 

 <115 219 (35.4) 32 (50.0) 187 (33.7)  

 115-150 398 (64.3) 32 (50.0) 366 (65.9)  

 >150 2 (0.3) 0 (0) 2 (0.4)  

Liver function

 ALT, U/L    0.797 

 7-40 466 (75.5) 47 (73.4) 419 (75.8)  

 >40 151 (24.5) 17 (26.6) 134 (24.2)  

AST, U/L    0.122 

 13-35 466 (72.3) 52 (81.2) 394 (71.2)  

 >35 171 (27.7) 12 (18.8) 159 (28.8)  

LDH, U/L    0.255 

 100-300 297 (48.1) 26 (40.6) 271 (49.0)  

 >300 320 (51.9) 38 (59.4) 282 (51.0)  

Kidney function

 Cr, µmol/L    0.542 

 41-73 549 (89.0) 55 (85.9) 494 (89.3)  

 >73 68 (11.0) 9 (14.1) 59 (10.7)  

Infection-related biomarkers

 CRP, mg/L    0.194 

 0-10 157 (28.8) 13 (21.0) 144 (29.8)  

 >10 388 (71.2) 49 (79.0) 339 (70.2)  

Other markers

 Albumin, g/L    0.045 

 <35 444 (72.2) 53 (82.8) 391 (71.0)  

 35–50 170 (27.6) 11 (17.2) 159 (28.9)  

 >50 1 (0.2) 0 (0) 1 (0.2)  

LDH, U/L (%)    0.255 

 100-300 297 (48.1) 26 (40.6) 271 (49.0)  

 >300 320 (51.9) 38 (59.4) 282 (51.0)  

CT    0.846

 Normal 3 (0.5) 0 (0) 3 (0.6)  

 Single side 41 (6.9) 3 (5.0) 38 (7.1)  
 Double side 550 (92.6) 57 (95.0) 493 (92.3)  

Data are n (%) unless specified otherwise. P < 0.05 was considered statistically significant.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate transaminase; COVID-19, coronavirus disease 2019; Cr, creatinine; CRP, C-reactive protein; CT, 
computed tomography; LDH, lactate dehydrogenase; T2DM, type 2 diabetes mellitus.
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Associated risk factors for poor therapeutic effect 
in all patients with COVID-19 and patients with 
T2DM with COVID-19

In the multivariate analysis of all patients with COVID-
19, being male (OR1.98; 95% CI, 1.12-3.60; P = 0.021), 
having T2DM (OR 2.99; 95% CI, 1.07-8.66; P = 0.04), 
having a severe and critical condition at admission (OR 
2.34; 95% CI, 1.25-4.33; P  =  0.007), expectoration 
(OR 2.14; 95% CI, 1.07-4.40; P = 0.034), muscle aches 
(OR 0.27; 95% CI, 0.11-0.64; P = 0.003), and albumin 
<35 g/L (OR 1.96; 95% CI, 1.04-3.69; P = 0.036) were 
independent risk factors associated with poor therapeutic 
effect. In the multivariate analysis of patients with T2DM 
with COVID-19, having severe and critical condition 
(OR 3.27; 95% CI, 1.02-9.00; P  =  0.029) and lympho-
cyte count <1.1 × 109 per L (OR 1.59; 95% CI, 1.10-2.34; 
P = 0.016) were independent risk factors associated with 
poor therapeutic effect (Table 5).

Discussion

We analyzed the clinical characteristics of 663 patients 
diagnosed with COVID-19 and found that of all 663 pa-
tients, 67 (10.1%) patients had T2DM, which is much 
higher than the infectious rate of patients with diabetes 
with COVID-19 nationwide (5.3%) (5). It is reported 
that among patients infected with MERS-CoV, 50% 
had T2DM (11). The prevalence of T2DM in China is 
10.4% (6), and it is estimated that patients with T2DM 
will not increase the risk of infection with SARS-CoV-2. 
However, more multicenter data are needed to validate 
this point.

Patients with T2DM in our study were older (age me-
dian 66 years vs 57 years) and mainly males (62.7%). The 

results of this study are consistent with those of ordinary 
pneumonia, which is similar to the previous study reported 
(12). It was more common for males (73%) with a me-
dian age of 49 years to have COVID-19 (13). The situation 
was the same for MERS-CoV (14). The WHO has reported 
that 75.5% of patients infected with MERS-CoV were 
male, and the median age was 54 years (interquartile range 
40-65.5, range 10-93 years) (15).

Our results show that, of patients with SARS-CoV-2, 
patients with T2DM with cardiovascular diseases such as 
hypertension, coronary heart disease, and urinary diseases 
such as urinary infections were significantly higher than pa-
tients without T2DM. T2DM can activate the inflammatory 
response downstream of nuclear factor-κB and accelerate 
atherosclerosis. Long-term, high-glucose stimulation will 
lead to increased expression of endothelin-1 and its recep-
tors, which may cause cardiovascular complications in pa-
tients with T2DM. Studies have shown that the prognosis 
of T2DM-related heart disease was worse than in patients 
without T2DM with heart disease (16). Furthermore, pa-
tients with T2DM with urinary diseases such as urinary 
infections are also significantly higher than those without 
T2DM. Patients with T2DM are prone to infections of 
various systems, therefore urinary system infection is one 
of the most common infectious diseases (17), which is also 
consistent with our conclusions. The main mechanisms are 
as follows. First, hyperglycemia is conducive to the growth 
and reproduction of pathogenic bacteria. Second, hyper-
glycemia causes cell dehydration, electrolyte disturbances, 
and internal environment disturbances to promote the oc-
currence and spread of infection. Finally, the decrease in 
granulocyte function and humoral and cellular immune 
functions also play an important role in causing urinary 
system infection (18).

Table 4. Outcomes of patients with COVID-19 with and without type 2 diabetes mellitus hospitalized in Wuhan, China

Total (n = 663) With T2DM (n = 67) Without T2DM (n = 596) P Value

Hospital stay    0.332
 <7 days 458 (69.1) 51 (76.1) 407 (68.3)  
 7-14 days 195 (29.4) 15 (22.4) 180 (30.2)  
 >14 days 10 (1.5) 1 (1.5) 9 (1.5)  
Disease severity    0.002
 Mild 3 (0.5) 0 (0) 3 (0.5)  
 Moderate 251 (37.9) 14 (20.9) 237 (39.8)  
 Severe 315 (47.5) 39 (58.2) 276 (46.3)  
 Critical 94 (14.2) 14 (20.9) 80 (13.4)  
Therapeutic effect    0.017 
 No improvement 411 (62.0) 51 (76.1) 360 (60.4)  
 Improvement 252 (38.0) 16 (23.9) 236 (39.6)  
Mortality 25 (3.8) 3 (4.5) 22 (3.7) 0.732

Data are n (%) unless specified otherwise. P < 0.05 was considered statistically significant.
Abbreviations: COVID-19, coronavirus disease 2019; T2DM, type 2 diabetes mellitus.
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The most common symptoms at admission for pa-
tients infected with SARS-CoV-2 in our study were fever 
(79.5%), cough (61.8%), fatigue (31.4%), and expec-
toration (25.0%). Additionally, the initial symptoms 
of some patients were diarrhea, dizziness, and fatigue. 
The previous research indicated that the most common 
clinical symptoms of patients infected with SARS-CoV 
were fever (99%), nonproductive cough (69%), myalgia 
(49%), and dyspnea (42%) (19). It is evident that the 
clinical manifestations of patients with SARS-CoV-2 are 
different among patients, and the rate of patients with 
fever as the onset symptom was lower than for those 
with SARS-CoV infection. However, there was no sig-
nificant difference in clinical manifestations between pa-
tients with and without diabetes.

After patients were infected with SARS-CoV-2, patient 
with T2DM with COVID-19 were more likely to develop 
severe and critical COVID-19, and the therapeutic effect 
was significantly worse than in other patients, which is 
consistent with the findings of patients with diabetes 
with SARS-CoV or MERS-CoV. Multivariate analysis by 
Christopher et al of patients with SARS-CoV showed that 
mortality, intensive hospitalization, and mechanical venti-
lation rates of patients with diabetes with SARS-CoV in-
creased significantly (19). The study by Khalid et al also 
showed that patients with diabetes with MERS-CoV had 
a poorer prognosis, significantly worse clinical outcomes, 
and a significantly increased mortality rate than other pa-
tients (20). The WHO considers diabetes as a risk factor for 
MERS-CoV infection (21).

Patients with T2DM with COVID-19 are prone to a 
severe state, and the therapeutic effects are much poorer 
than in patients without T2DM. The possible explan-
ations are as follows. First, the pulmonary vascular 
bed and alveolar surfactants in patients with diabetes 
are often damaged. On autopsy results of patients with 
T2DM, thickening of the alveolar epithelium, pulmonary 
capillary basal layer, and pulmonary microangiopathy 
are often observed, and patients with diabetes often have 
significant decline in lung function (22). Second, hyper-
glycemia and insulin deficiency in patients with diabetes 
will reduce synthesis of proinflammatory factors such 
as interferon-γ and interleukin 15 (IL-15) and have in-
fluence on downstream acute inflammatory responses. 
Therefore, it will impair the host’s innate and humoral 
immunity (22). It has been found that the inflammatory 
substance interleukin-1β (IL-1β) and oxidative stress 
marker human 8 isoprostaglandin F2α (8-iso-PGF2α) in 
patients with T2DM are significantly higher than in those 
without diabetes (23). Diabetes also impairs the function 
of macrophages and lymphocytes, which reduces the im-
mune response and makes individuals more susceptible 

to infections (24). Third, chronic disease (such as dia-
betes) and infectious diseases and their complications 
share several common characteristics such as endothelial 
dysfunction, proinflammatory status, and innate immune 
response (25-27). When viral infection is severe, the ex-
cess of cytokines related to the conversion of T-helper 
type 1 (Th1) to Th2 and the cytokine synthesis disorder 
caused by metabolic diseases may cause damage to the 
endothelium and lead to a series of subsequent compli-
cations (27). Innate immune changes and the transform-
ation of Th1 (the microbicidal effect of interferon-γ) to 
Th2 (anti-inflammatory IL-4, -5, -10, and -13) make the 
virus presentation stronger in patients with diabetes, 
therefore fatal allergy can be observed in virally infected 
patients with diabetes (28).

For male patients with T2DM, having a severe and crit-
ical condition at admission, muscle aches, expectoration, 
and albumin <35  g/L were independent risk factors as-
sociated with therapeutic effect (no improvement) of all 
patients with COVID-19. However, having a severe and 
critical condition and lymphocyte count <1.1 × 109 per L 
were only 2 independent risk factors associated with no 
improvement.

The mortality rate among all patients with COVID-19 
in our study was 3.8%, which is similar to the national 
mortality rate (3.67%), and the mortality rate of patients 
with T2DM with COVID-19 in our study was 4.5% 
(3/663). However, our study also has some shortcomings. 
First, there were only 3 deaths in patients with T2DM. It 
was impossible to make a multivariate regression analysis 
with mortality as the dependent variable, so we conducted 
multivariate regression analysis with therapeutic effect 
(no improvement) as the dependent variable. Second, we 
acknowledge the limitation that there were a number of 
covarying differences between control participants and 
the individuals with T2DM because of the individual dif-
ferences in the patients. Third, there is increasing evidence 
supporting that obesity is one of the important risk fac-
tors for COVID-19, especially in the T2DM population. 
However, in this study there is an absence of data on body 
mass index (overweight or obese) since we did not collect 
enough data on body mass index or factors of being over-
weight and obese to analyze. And last, our study is a single-
center study.

Conclusion

T2DM was associated with no improvement in patients 
with COVID-19. Patients with T2DM were prone to 
developing into severe and critical condition of COVID-
19. Furthermore, having a severe and critical condition and 
decreased lymphocyte count were independent risk factors 
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that influence the improvement of patients with T2DM 
with COVID-19.
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