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with type 2 diabetes mellitus (T2DM) is urgently needed.

Methods: Two hundred and thirty-six patients with COVID-19 were enrolled in our study. The patients were di-
vided into 2 groups: COVID-19 patients with or without T2DM. The patients were further divided into four sub-
groups according to the severity of COVID-19 as follows: Subgroup A included moderate COVID-19 patients
without diabetes, subgroup B included severe COVID-19 patients without diabetes, subgroup C included moder-
ate COVID-19 patients with diabetes, and subgroup D included severe COVID-19 patients with diabetes. The clin-
ical features and radiological assessments were collected and analyzed. We tracked the dynamic changes in
laboratory parameters and clinical outcomes during the hospitalization period. Multivariate analysis was per-
formed using logistic regression to analyze the risk factors that predict the severity of COVID-19 with T2DM.
Results: Firstly, compared with the nondiabetic group, the COVID-19 with T2DM group had a higher erythrocyte
sedimentation rate (ESR) and levels of C-reactive protein (CRP), interleukin 6 (IL-6), tumor necrosis factor alpha
(TNF-a), and procalcitonin (PCT) but lower lymphocyte counts and T lymphocyte subsets, including CD3+ T
cells, CD8+ T cells, CD4+ T cells, CD16 + CD56 cells, and CD19+ cells. Secondly, compared with group A,
group C had higher levels of Fasting blood glucose (FBG), IL-6, TNF-ct, and neutrophils but lower lymphocyte,
CD3+ T cell, CD8+ T cell, and CD4+ T cell counts. Similarly, group D had higher FBG, IL-6 and TNF-« levels
and lower lymphocyte, CD3+ T cell, CD8+ T cell, and CD4+ T cell counts than group B. Thirdly, binary logistic
regression analysis showed that HbA1c, IL-6, and lymphocyte count were risk factors for the severity of
COVID-19 with T2DM. Importantly, COVID-19 patients with T2DM were more likely to worsen from moderate
to severe COVID-19 than nondiabetic patients. Of note, lymphopenia and inflammatory responses remained
more severe throughout hospitalization for COVID-19 patients with T2DM.

Conclusion: Our data suggested that COVID-19 patients with T2DM are more likely to develop severe COVID-19
than those without T2DM and that hyperglycemia associated with the lymphopenia and inflammatory responses
in COVID-19 patients with T2DM.
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1. Introduction

In December 2019, an outbreak of coronavirus disease 2019 (COVID-
19) occurred in Wuhan, Hubei Province, China.'? By June 13, 2020, over
84,000 individuals in China had suffered from this disease, including
4645 deaths. Notably, over 7,553,182 cases, including 423,349 deaths,
have been confirmed worldwide.

* Corresponding authors at: Department of Endocrinology, General Hospital of Central
Theater Command, Wuluo Road 627, Wuhan 430070, Hubei Province, China.
E-mail addresses: zhangjx023@163.com (J. Zhang), Guangda64@hotmail.com
(G. Xiang).
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The genome of the new coronavirus has been identified and con-
firmed as the cause of the novel coronavirus-infected pneumonia.” Im-
portantly, the clinical and epidemiological characteristics of the
infection in both adults and children have been reported.°The mean in-
cubation period for COVID-19 is approximately 5.2 days. COVID-19
commonly causes fever, cough, myalgia, and pneumonia,® and 20% of
COVID-19 patient suffered from diabetes.”

The occurrence of type 2 diabetes mellitus (T2DM) has rapidly in-
creased, especially in aging people, and has now become a serious global
health problem. A national study from UK showed that type 1 and type 2
diabetes were both independently associated with a significant increased
odd of in-hospital death with COVID-19.2 Furthermore, increased COVID-
19-related mortality was associated with complications of type 1 and type
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Table 1
Clinical and biochemical characteristics of COVID-19 patients with or without diabetes.

Normal range Total No diabetes Diabetes p values
Male/female NA 128(54.2)/108(45.8) 67(50.4)/66(49.6) 61(59.2)/42(40.8) 0.176
Age,y NA 56(40,68) 48(35,63) 63(55,72) <0.001
Anthropometric parameters

Height, cm NA 164(160,171) 165(160,172) 164(159,170) 0.410
Weight, kg NA 66(59,73) 65(59,75) 66(60,73) 0.728

BMI NA 243434 24+3.5 24.9+3.4 0.105

Liver and renal function

ALT, U/L 9-50 23(16,35) 22(14,35) 23(17,35) 0.337

AST, U/L 15-40 28(22,40) 28(22,38) 29(23,40) 0.510

BUN, mmol/L 2.5-6.3 4.2(3.5,5.4) 3.8(3.3.4.9) 4.6(3.8,7) <0.001
SCr, pmol/L 45-110 62.5(52,76) 63(51.5,77.5) 62(53,75) 0.922
eGFR, ml/min/1.73 m’ >90 121.7+33.3 121.7+30.7 121.8+36.4 0.985
FBG, mol/L 3.6-6.11 5.9(5.2.8.6) 5.4(5,5.8) 9.2(7.2,11.3) <0.001

UA, pmol/L 140-400 242(198,300.8) 242(199.5,315.5) 244(185.5,292.5) 0.460
LDH, U/L 109-225 219(183.3,269.5) 206(173.5,253) 230(196,294) <0.001

Blood lipids

TC, mmol/L 3.10-5.69 3.9+1 3.9+0.9 4+1.1 0.795

TG, mmol/L 0.41-1.88 1.2(0.8,1.8) 1.2(0.8,1.7) 1.2(0.8,1.8) 0.896
HDL-C, mmol/L 1.16-1.82 1.1(0.9,1.3) 1.1(0.9,1.3) 1(0.9,1.2) 0.132
LDL-C, mmol/L 2.10-3.10 2.2+0.6 2.1£0.5 2.2+0.7 0.465
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Inflammatory biomarkers

ESR, mm/h <15 25(13,47) 21(11,43) 32(17,63) 0.002

CRP, mg/L 0-8 11.7(4.3,31.3) 7.4(3.5,19.4) 15.5(7.5,64) <0.001

PCT 0.00-0.50 0.06(0.03,0.09) 0.05(0.03,0.07) 0.07(0.04,0.13) <0.001

Blood cell count

Leukocytes, 10°/L 3.595 5(4,6.3) 4.7(3.9,5.9) 5.3(4.2,6.8) 0.006

Neutrophils, 10°/L 1.8-6.3 3.1(2.4,4.6) 2.9(2.3,3.8) 3.72.7,5.4)

<0.001

Lymphocyte subsets

CD16+CD56 cells, /pl 150-1100 146(78.5,240) 161(107,249) 107.5(46.8,218.5) 0.002
CD19+ cells, /pl 90-560 136(81.5,198.5) 150(105,221) 106.5(52.8,168) <0.001
CD4+/CD8+ 0.71-2.78 1.6(1.1,2.4) 1.7(1.2,2.4) 1.6(1,2.5) 0.572
Chest CT 0.017
NA 27(11.4)/209(88.6) 21(15.8)/112(84.2) 6(5.8)/97(94.2)

(unilateral/bilateral)

Clinical classification <0.001

NA 180(76.3)/56(23.7) 114(85.7)/19(14.3) 66(64.1)/37(35.9)

(moderate/severe)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, serum urea nitrogen; SCr, serum creatinine; eGFR, estimated glomerular filtration rate; UA, uric acid;
TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; LDH, lactate dehydrogenase; ESR, erythrocyte sedimentation
rate; CRP, C-reactive protein; IL-6, interleukin 6; tumor necrosis factor alpha (TNF-at); PCT, procalcitonin.

Data are n (%), n/N (%) and median (IQR).
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2 diabetes.® Additionally, recent evidence has shown that improved glyce-
mic control is associated with better outcomes in patients with COVID-19
and pre-existing T2DM.'° To better manage COVID-19 with T2DM glob-
ally, it is essential to understand the risk factors that predict the severe
type of COVID-19 in patients with T2DM. Therefore, in this retrospective,
single-center study, we compared clinical and laboratory characteristics
of the diabetic and non-diabetic in-hospital patients infected with
COVID-19. We aimed to determine the predictors of disease severity in
COVID-19 patients with T2DM.

2. Methods
2.1. Study design

In this retrospective study, a total of 236 COVID-19 patients, includ-
ing 128 males and 108 females, were enrolled from December 2019 to
February 2020. Of these participants, 103 patients suffered from
T2DM. The General Hospital of Central Theater Command is mainly re-
sponsible for the treatment of COVID-19 patients assigned to the hospi-
tal by the government in Wuhan. Diagneostic criteria: The diagnosis of
diabetes was based on the 1999 World Health Organization diagnostic
criteria. The diagnosis of COVID-19 was based on the guidelines by the
Health and Medical Commission of the People's Republic of China (sev-
enth trial edition) for the diagnosis and treatment of pneumonia caused
by the new coronavirus infection. Severe COVID-19 was defined as pa-
tients had one of the following criteria: (a) respiratory frequency > 30/
min; (b) oxygen saturation < 93% at rest; and (c) oxygenation index (ar-
tery partial pressure of oxygen/inspired oxygen fraction, PaO2/Fi02) <
300 mmHg. Critical COVID-19 was defined as follow: (1) Respiratory
failure requiring mechanical ventilation;(2) Shock;(3) Patients com-
bined with other organ failure needed ICU monitoring and treatment.
Inclusion criteria: Chinese Han patients from the Wuhan area with
COVID-19 whose body mass index (BMI) was 18.5 to 28.0 kg/m?. Exclu-
sion criteria: (1) Type 1 diabetes and other types of diabetes and vari-
ous acute complications of diabetes; (2) Impaired glucose regulation
including impaired fasting glucose and impaired glucose tolerance;
(3) History of severe brain, kidney and liver diseases; (4) History of con-
gestive heart failure; (5) History of malignant tumor; (6) Chronic lung
disease, including chronic obstructive pulmonary disease and asthma;
(7) Glucocorticoid treatment before admission.

In this study, according to the guidelines for the diagnosis and treat-
ment of COVID-19 (seventh trial edition) published by the National
Health Commission of China,!'we defined the patients with the com-
mon type of COVID-19 as the “moderate subgroup”, and we combined
the severe and critical patients into the “severe subgroup” due to the
small sample sizes. First, we divided all patients into two groups based
on whether they suffered from T2DM. Second, the study participants
were further categorized into four subgroups according to the severity
of COVID-19 as follows: subgroup A had moderate COVID-19 without
diabetes, subgroup B had severe COVID-19 without diabetes, subgroup
C had moderate COVID-19 with diabetes, and subgroup D had severe
COVID-19 with diabetes. The Ethics Commission of General Hospital of
Central Theater Command approved this study (2020033-1). Written
informed consent was waived by the Ethics Commission for emerging
infectious diseases.

2.2. Clinical and biochemical analysis

Clinical features and biochemical assessments, based on the first
measurement obtained from the patient on their day of admission,
were obtained from each patient's electronic medical records for retro-
spective review. The height and weight were measured using standard-
ized protocols. Body mass index (BMI) was calculated as weight (kg)
divided by the square of height (m?). Peripheral blood was collected
after 8-12 h of overnight fasting. Alanine aminotransferase (ALT), as-
partate aminotransferase (AST), blood urea nitrogen (BUN), serum
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creatinine (Scr), uric acid (UA), total cholesterol (TC), triglyceride
(TG), high-density lipoprotein cholesterol (HDL-C), and low-density li-
poprotein cholesterol (LDL-C) were assessed using standard enzymatic
methods. FBG and postprandial 2-hour blood glucose (2 h BG) were
measured by a glucose oxidase procedure. Lactate dehydrogenase
(LDH), erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
and routine blood test parameters were assessed using standard
laboratory techniques. T lymphocyte subsets were measured by a flow
cytometry assay. Glycated hemoglobin Alc (HbA1c) was determined
by high-performance liquid chromatography. Interleukin 6 (IL-6),
tumor necrosis factor alpha (TNF-a), and procalcitonin (PCT) were
measured by enzyme-linked immunosorbent assay (ELISA). The esti-
mated glomerular filtration rate (eGFR) was calculated as 175 x
(Scr) ™ 1234 x (Age) ~%179 x (if female x 0.79). The medications admin-
istered to the patients were analyzed.

2.3. Statistical analysis

Statistical analysis was performed using SPSS 25 statistical software.
Data distributions were determined using the one-sample Kolmogorov-
Smirnov test, and normally distributed data are represented by the
mean = standard deviation (SD). Nonnormally distributed data are rep-
resented as the median (25th-75th interquartile range), and categorical
variables are represented as the number of cases (n) and the percentage
(%). Normally distributed continuous variables were compared using t-
tests; otherwise, the Mann-Whitney test was used. The proportions of
categorical variables were compared using the y? test; Fisher's exact
test was used when the proportions were small. The correlations be-
tween glucose levels and other variables were analyzed using Spear-
man correlations. Multivariate logistic regression models were
established based on the severity of the disease. Age, gender, ALT,
BUN, Scr, HbA1c, LDH, CRP, IL-6, PCT, neutrophil count, lymphocyte
count, CD3+ T cells, and CD16 + CD56 cells served as independent var-
iables in this logistic regression. The multicollinearity of the predictor
variables was assessed, and the assumption of multicollinearity was
not violated. p-Values of <0.05 were considered statistically significant.
The p-values were adjusted with a Bonferroni correction for multiple
comparisons.

3. Results
3.1. Baseline characteristics of subjects grouped by diabetes

Table 1 shows the baseline characteristics of the two groups. Com-
pared with the nondiabetic group, the diabetes group had more severe
COVID-19 patients (35.9% versus 14.3%, p = 0.017). Accordingly, the
chest CT was more likely to be affected bilaterally in the diabetes
group (94.2% versus 84.2%, p < 0.001). Interestingly, compared to the
nondiabetic group, the diabetes group had higher age, BUN, LDH, ESR,
CRP, PCT, leukocyte counts and neutrophil counts as well as levels of
IL-6 and TNF-o; Importantly, lower lymphocyte count and T lympho-
cyte subsets including CD3+ T cells, CD8+ T cells, CD4+ T cells, CD16
+ CD56 cells and CD19+ cells were found in diabetic patients. There
were no significant differences in gender, height, weight, BMI, ALT,
AST, Scr, eGFR, UA, TC, TG, LDL-C, HDL-C, or CD4+/CD8+ between the
two groups.

3.2. Baseline characteristics of subgroups by severity of COVID-19

The baseline characteristics of the different subgroups are shown in
Table 2 and Fig. 1. Compared with groups A and C, group D had more
males. Patients in groups D and C were older than those in group A.
Compared with group A, group C had higher FBG, IL-6, TNF-¢, and neu-
trophil counts but lower lymphocyte, CD3+ T cell, CD8+ T cell, and CD4
+ T cell counts. Likewise, group D had higher FBG, IL-6 and TNF-«, but
lower lymphocyte, CD3+ T cell, CD8+ T cell, and CD4+ T cell counts
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Table 2

Clinical and biochemical characteristics of the subgroups.
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Group A B C D
Male/Female 54(47.4)/60(52.6) 13(68.4)/6(31.6) 32(48.5)/34(51.5) 29(78.4)/8(21.6)
Age, y 47(35,61) 58(41,72) 61(55,67) 69(57,81)

Anthropometric parameters

Height, cm

Weight, kg

BMI

Liver and renal function

ALT, U/L

AST, U/L

BUN, mmol/L

Scr, pmol/L

UA, pmol/L

LDH, U/L

e¢GFR, ml/min/1.73 m*

Diabetic indexes

FBG, mol/L

2 h BG, mol/L

HbAlc, %

Blood lipids

TC, mmol/L

164(160,170)

65(59,73)

24.2(21.5,26.2)

22(14,31)

27(22,36)

3.8(3.34.7)

61(50,74.3)

239.5(195.5,316)

205(167,239.5)

125+29.1

5.3(4.9,5.7)

NA

NA

3.9+0.9

173(168,175)

73(61,78)

24.3(22.4,25.4)

26(16,38)

31(23.,47)

5.8(3.5,7)"

78(59,97)

255(227,295)

245(188,284)

101.8+33.2°

5.51(5.1,5.9)

NA

NA

3.8+0.9

165(158,170)

66(60,73)

25.1(22.3,26.5)

21(16,31)

28(20,37)

43(3.7,5.3)

60.5(52,69)"

240(181.5,302)

220(190.5,264)

125.2+35.5"

8.1(6.7,9.7)""

11.8(9.5,15.4)

7.8(7.8.2)

4+1.1

163(159,171)

68(59,77)

25.1(22.6,29.1)

26(19,46)

33(27,54)

6.7(4.9.1)*

72(54.5,82)"

244(202,281.8)

280.5(214.3,353.8)™

115.7£37.7

10.4(9.2,12.4)""

15.2(10.2,17.2)

8.8(8,9)°

3.8+1
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(unilateral/bilateral)

Glucocorticoids (not

82(71.9)/30(26.3)

used/used)

Intravenous immunoglobulin

65(57)/47(41.2)

(not used/used)

Thymosin (not used/used) 52(45.6)/61(53.5)

3(15.8)/16(84.2)"

3(15.8)/16(84.2)"

4(21.1)/15(78.9)

34(51.5)/30(45.5) "1 3(8.1)/34(91.9)

23(34.8)/40(60.6)"

3(8.1)/34(91.9)

33(50)/32(48.5) 2(5.4)/35(94.6) "

(unilateral/bilateral)

Glucocorticoids (not

82(71.9)/30(26.3)

used/used)

Intravenous immunoglobulin

65(57)/47(41.2)

(not used/used)

Thymosin (not used/used) 52(45.6)/61(53.5)

3(15.8)/16(84.2)"

3(15.8)/16(84.2)"

4(21.1)/15(78.9)

34(51.5)/30(45.5) "1 3(8.1)/34(91.9)

23(34.8)/40(60.6)"

3(8.1)/34(91.9)

33(50)/32(48.5) 2(5.4)/35(94.6) "

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, serum urea nitrogen; Src, serum creatinine; eGFR, estimated glomerular filtration rate; UA, uric acid;
FBG, fasting blood glucose; postprandial 2-hour blood glucose (2 h BG); glycated hemoglobin A1c(HbA1c); TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein cholesterol;
LDL, low-density lipoprotein cholesterol; LDH lactate dehydrogenase; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; IL-6, interleukin 6; tumor necrosis factor alpha (TNF-

a); PCT, procalcitonin.
Data are n (%), n/N (%) and median (IQR).

*: p < 0.05 compared with group A, 7: p < 0.05 compared with group B, {: p < 0.05 compared with group C.

than group B. In terms of the use of medications, compared with group
A, group B used a higher proportion of glucocorticoids and intravenous
immunoglobulin. Accordingly, compared with group C, group D used a
higher proportion of glucocorticoids and intravenous immunoglobulin
(Table 2).

3.3. The correlations between glucose levels and other variables

To explore the relationship between the glucose levels and other
variables, correlation analyses were performed. The correlation coeffi-
cients between FBG and the other variables were calculated using
Spearman correlation analysis. Firstly, in all subjects, the results showed
that FBG was positively correlated to age (r = 0.374, p <0.001), BUN (r
=0.298, p <0.001), LDH (r = 0.291, p <0.001), CRP (r = 0.430,p <
0.001), ESR (r = 0.229, p = 0.001), PCT (r = 0.288, p <0.001), IL-6 (r
=0.439, p <0.001), TNF-a (r = 0.411, p <0.001), leukocyte count (r
=0.146, p = 0.025), and neutrophil count (r = 0.320, p <0.001). On
the other hand, FBG was negatively correlated to lymphocyte count (r
= —0472,p <0.001), CD3+ T cells (r = —0.584, p <0.001), CD8+ T
cells (r = —0.503, p = 0.013), CD4+ T cells (r = —0.583, p <0.001),
CD19+ cells (r = —0.308, p <0.001), CD16 + CD56 (r = —0.177, p
=0.021), and CD4+/CD8+ (r = —0.152, p = 0.048). However, FBG

was not found to be associated with gender, height, weight, BMI, ALT,
AST, UA, Scr, eGFR, TC, TG, LDL-C or HDL-C. Secondly, in the diabetic
group, postprandial 2 h BG was positively correlated to BUN (r = 0.368,
p = 0.003), eGFR (r = 0.254, p = 0.044), LDH (r = 0431, p = 0.001),
IL-6 (r =0.304, p = 0.026), TNF-a (r = 0.427, p = 0.006), and CRP
(r =0.333, p = 0.016), while postprandial 2 h BG was negatively
correlated to UA (r = —0.318, p = 0.011), CD3+ T cells (r =
—0.342, p =0.025) and CD8+ T cells (r = —0.309, p = 0.044). How-
ever, postprandial 2 h BG was not found to be associated with gen-
der, height, weight, age, BMI, ALT, AST, UA, Scr, TC, TG, LDL-C, HDL-
C, ESR, PCT, leukocyte count, neutrophil count, lymphocyte count,
CD4+ T cells, CD19+ cells, CD16 + CD56 cells or CD4+/CD8+. As
expected,HbA1c was positively correlated to BUN (r = 0.294,p =
0.003), LDH (r = 0.275, p = 0.006), ESR (r = 0.221, p = 0.049),
CRP (r =0.399, p <0.001), IL-6 (r = 0.363, p = 0.001), TNF-a (r
=0.423, p = 0.001), PCT (r = 0.221, p = 0.028), and neutrophil
count (r = 0.241, p = 0.014); HbA1c was negatively correlated to
UA (r = —0.280, p = 0.005), lymphocyte count (r = —0.409, p <
0.001), CD3+ T cells (r = —0.436, p <0.001), CD4+ T cells (r =
—0.3,p =0.014), CD8+ T cells (r = —0.447, p <0.001), and CD16
+ CD56 cells (r = —0.257, p = 0.037). However, HbA1c was not
found to be associated with age, gender, height, weight, BMI, ALT,
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Fig. 1. Baseline characteristics of the subgroups by severity of COVID-19.Series of comparisons of the baseline characteristics among group A (n = 114), group B (n = 19), group C (n = 69),
and group D (n = 37). All data are presented as the median (25th-75th interquartile range). Differences were tested using an unpaired 2-sided Student's t-test. *: p < 0.05 compared with

group A, 7: p <0.05 compared with group B, iz p < 0.05 compared with group C.

AST, Scr, eGFR, TC, TG, LDL-C, HDL-C, leukocyte count, CD19+ cells,
or CD4+/CD8 + .

3.4. Factors predicting the severity of COVID-19 in T2DM patients

Here, we are interested in the factors that predict the severity of
COVID-19 in T2DM patients. First, the correlation coefficients between
the severity of the disease and other variables in COVID-19 patients with
T2DM were calculated using a Spearman correlation analysis. The results
showed that the severity of the disease was positively correlated to age
(r =0.278, p =0.005), ALT (r =0.249, p = 0.011), AST (r =0.232,p =
0.019), BUN (r = 0.401, p <0.001), Scr (r = 0.225, p = 0.022), FBG (r
=0.393, p <0.001), HbA1c (r = 0466, p <0.001), LDH (r =0.319,p =
0.001), CRP (r = 0385, p <0.001), IL-6 (r = 0.626, p < 0.001), TNF-cx (r
=0.35, p <0.001), PCT (r = 0.409, p < 0.001), and neutrophil count (r
=0.251, p = 0.01). In parallel, the severity of the disease was negatively

correlated with gender (r = —0.292, p = 0.003), lymphocyte count (r
= —0.650, p <0.001), CD3+ T cells (r = —0.535, p <0.001), CD8+ T
cells (r = —0.464, p <0.001), CD4+ T cells (r = —0.448, p < 0.001),
and CD16 + CD56 cells (r = —0.361, p = 0.003). However, the severity

Table 3
Binary logistic regression analysis with the clinical classification as the dependent variable
in diabetic patients.

B SE Wals Sig. Exp(B) 95% CI
HbA1c 1212 0492 6.076 0.014 336 1.282-8.809
Cr 0.098 0.052 3545 0.06 1.103 0.996-1.221
Lymphocytes —6.697 2916 5273  0.022  0.001 0-0.375
IL-6 0.032 0.014 5489 0.019 1.033 1.005-1.061

A p value <0.05 was considered to indicate a significant difference.
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Fig. 2. Dynamic changes in the laboratory test results of COVID-19 patients. (A) Dynamic profiles of BUN in COVID-19 patients with vs without diabetes; (B) Dynamic profiles of CRP in
COVID-19 patients with vs without diabetes; (C) Dynamic profiles of IL-6 in COVID-19 patients with vs without diabetes; (D) Dynamic profiles of lymphocytes in COVID-19 patients
with vs without diabetes. The solid black lines show the upper normal limit of each parameter, and the solid red line shows the lower normal limit of the lymphocyte count. *p < 0.05

for COVID-19 patients with vs without diabetes.

of the disease was not found to be associated with height, weight, BMI, UA,
2 h BG, eGFR, TC, TG, HDL-C, LDL-C, ESR, leukocyte count, CD19+ cells, or
CD4+-/CD8+. Second, binary logistic regression analysis was performed to
evaluate the association between the severity of COVID-19 and other inde-
pendent variables. In this model, gender, age, ALT, BUN, Scr, HbA1c, LDH,
CRP, IL-6, PCT, neutrophil count, lymphocyte count, CD3+ T cells, and
CD16 + CD56 cells were entered at the beginning of the procedure after
excluding collinearity. We chose Forward: LR as the method. The results
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showed that HbA1c, IL-6 and lymphocyte count were risk factors for the
severity of COVID-19 patients with T2DM (Table 3).

3.5. Dynamic changes in laboratory tests and clinical outcomes
To study the changes during the hospitalization period in the clinical

characteristics of COVID-19 patients with T2DM, we tracked the dy-
namic changes in some clinical outcomes and laboratory parameters.
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Fig. 3. Dynamic changes in the clinical outcomes of COVID-19 patients. (A) Proportion of patients with moderate to severe disease in the moderate group; (B) Proportion of nonsurvivors in

the severe group. *: p < 0.05 compared with group A in 3A.
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COVID-19 patients with T2DM had lower lymphocytes and higher urea
nitrogen, IL-6, and CRP levels than nondiabetic patients at different time
points during the hospitalization period (Fig. 2). Compared with the
cases in subgroup A (14% developed from moderate to severe), twenty
cases (30.3%) in group C developed from moderate to severe (p =
0.009). All nonsurvivors were patients with severe disease, with 2
(10.5%) nonsurvivors in subgroup B and 5 (13.5%) nonsurvivors in sub-
group D (p = 0.749) (Fig. 3).

4. Discussion

COVID-19 pneumonia is caused by a new type of coronavirus, which
has caused a global pandemic. Six coronaviruses are known to cause
human disease.!?The purpose of this retrospective study was to deter-
mine the predictors of disease severity in COVID-19 patients with
T2DM. We mainly illustrated that (1) COVID-19 patients with T2DM
suffer from more severe inflammatory responses and less lymphocyte
than those without T2DM; (2) COVID-19 patients with T2DM are
more likely to worsen from moderate to severe disease; (3) inflamma-
tion and lymphocyte resolve more slowly in T2DM patients with
COVID-19; and (4) hyperglycemia, lymphopenia and inflammation
play important roles in the severity of COVID-19 with T2DM. To the
best of our knowledge, this is the first study to show that hyperglycemia
related to the lymphopenia and the disease severity of COVID-19 with
diabetes.

It is well known that lymphocytes are important components of the
immune system. Chen et al.® found that lymphopenia was present in pa-
tients with moderate COVID-19. Guo et al.'> proposed a lymphocyte
count of <0.8 * 10%/L as one of the indicators to predict the mortality
risk model (MuLBSTA score). Importantly, one recent study showed
that the number of total T cells, CD4+- T cells and CD8+ T cells were dra-
matically reduced in COVID-19 patients, especially in elderly patients
(260 years of age) and patients requiring intensive care unit (ICU)
care.' Our study revealed that hyperglycemia related to the reduction
in lymphocyte counts and T lymphocyte subsets, including CD3+ T
cells, CD8+ T cells, CD4+ T cells, and CD19+ cells.

The exact mechanisms of the effects of hyperglycemia on lympho-
cytes and T lymphocytes are unclear. For patients with T2DM, there is
already an imbalance of T lymphocyte subsets.!® Moreover, patients
with T2DM have decreased CD3+ T cells, which may be related to adap-
tive immune activation and chronic inflammation during the pathogen-
esis of T2DM.® Even in nondiabetic patients, short-term hyperglycemia
can induce lymphopenia and lymphocyte subset redistribution.!”The
presence of hyperglycemia weakens the body's innate and immune sys-
tems, thereby limiting the body's ability to resist any infection.'® Our
data showed that the levels of lymphocyte counts and T-lymphocyte
subtypes including CD3, CD4 and CD8 in the diabetic group was lower
in the diabetic population compared to non-diabetic. Moreover, correla-
tion analysis showed that hyperglycemia including FBG, 2 H BG and
Hbalc was associated with lymphopenia and deceased lymphocyte
subset. These data indicated that hyperglycemia may affect the lympho-
cyte and its subsets numbers in COVID-19 conditions. In addition,
COVID-19 patients with T2DM have higher urea nitrogen, which is sim-
ilar to previous research.'® Angiotensin-converting enzyme 2 (ACE2), a
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) recep-
tor expressed in the human respiratory system, cardiovascular system,
digestive system and urinary system, may contribute to the increased
urea nitrogen.?°

Immune system imbalances may induce the secretion of inflamma-
tory cytokines.?'Chronic inflammation is also closely related to
T2DM.*From SARS and MERS studies, an increase in pro-
inflammatory cytokines was linked to lung inflammation and extensive
lung injury,>>* and cytokine storms are often associated with disease
severity.?” Here, the levels of inflammatory factors are elevated in the
diabetic population compared to non-diabetic, Moreover, correlation
analysis showed that hyperglycemia including FBG, 2 H BG and Hbalc
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was associated with inflammatory factors. These data indicated that hy-
perglycemia may affect the inflammatory responses in COVID-19
conditions.

We should note the limitations of the study. First, because a cross-
sectional design was used, causal relationships could not be established.
Second, the sample size was relatively small. Third, there was a discrep-
ancy in the ages of diabetic patients with severe disease compared to
non-diabetic patients in the study. Thus, it is difficult to rule out the ef-
fect of age on the poor prognosis, and some further studies of large sam-
ples are needed to explore the issue. Finally, our study was restricted to
Han Chinese patients, and it is unclear whether our results can be gen-
eralized to other ethnic groups.

In summary, our findings demonstrated that COVID-19 patients
with T2DM are more likely than those without T2DM to develop severe
COVID-19, and lymphopenia and increased inflammation induced by
hyperglycemia may be responsible for the severity of COVID-19. The
data suggested that better glycemic control is essential to improve clin-
ical outcomes in COVID-19 patients with diabetes.
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