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Abstract

Aims Increasing evidence suggests that poor glycemic control in diabetic individuals is associated with poor coronavirus
disease 2019 (COVID-19) pneumonia outcomes and influences chest computed tomography (CT) manifestations. This study
aimed to explore the impact of diabetes mellitus (DM) and glycemic control on chest CT manifestations, acquired using
an artificial intelligence (Al)-based quantitative evaluation system, and COVID-19 disease severity and to investigate the
association between CT lesions and clinical outcome.

Methods A total of 126 patients with COVID-19 were enrolled in this retrospective study. According to their clinical his-
tory of DM and glycosylated hemoglobin (HbA 1c) level, the patients were divided into 3 groups: the non-DM group (Group
1); the well-controlled blood glucose (BG) group, with HbAlc < 7% (Group 2); and the poorly controlled BG group, with
HbAlc >7% (Group 3). The chest CT images were analyzed with an Al-based quantitative evaluation system. Three main
quantitative CT features representing the percentage of total lung lesion volume (PLV), percentage of ground-glass opacity
volume (PGV) and percentage of consolidation volume (PCV) in bilateral lung fields were used to evaluate the severity of
pneumonia lesions.

Results Patients in Group 3 had the highest percentage of severe or critical illness, with 12 (32%) cases, followed by 6
(11%) and 7 (23%) cases in Groups 1 and 2, respectively (p =0.042). The composite endpoints, including death or using
mechanical ventilation or admission to the intensive care unit (ICU), were 3 (5%), 5 (16%) and 10 (26%) in Groups 1, 2
and 3, respectively (p=0.013). The PLV, PGV and PCV in bilateral lung fields were significantly different among the three
groups (all p<0.001): the median PLVs were 12.5% (Group 3), 3.8% (Group 2) and 2.4% (Group 1); the median PGV's
were 10.2% (Group 3), 3.6% (Group 2) and 1.9% (Group 1); and the median PCVs were 1.8% (Group 3), 0.3% (Group 2)
and 0.1% (Group 1). In the linear regression analyses, which were adjusted for age, sex, BMI, and comorbidities, HbAlc
remained positively associated with PLV (§=0.401, p <0.001), PGV (#=0.364, p=0.001) and PCV (=0.472, p <0.001);
this relationship was also observed between fasting blood glucose (FBG) and the three CT quantitative parameters. In the
logistic regression analyses, PLV [OR 1.067 (1.032, 1.103)], PGV [OR 1.076 (1.034, 1.120)] and PCV [OR 1.280 (1.110,
1.476)] levels were independent predictors of the composite endpoints, as well as the areas under the ROC (AUCs) for PLV
[AUC 0.796 (0.691, 0.900)], PGV [AUC 0.783 (0.678, 0.889)] and PCV [AUC 0.816 (0.722, 0.911)]; the ORs were still
significant for CT lesions after adjusting for age, sex and poorly controlled diabetes.

Conclusions Increased blood glucose level was correlated with the severity of lung involvement, as evidenced by certain
chest CT parameters, and clinical prognosis in diabetic COVID-19 patients. There was a positive correlation between blood
glucose level (both HbA1c and FBG) on admission and lung lesions. Moreover, the CT lesion severity by Al quantitative
analysis was correlated with clinical outcomes.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic
resulted in 21,294,845 confirmed infections and 761,779
deaths as of August 16, 2020, according to the situation
report of the World Health Organization (WHO) [1]. Previ-
ous studies suggested that 14-20% of COVID-19 patients
had diabetes, which was associated with increased severity
and mortality [2-9].

To date, general clinical features, laboratory manifesta-
tions, and qualitative chest CT findings have been reported
in diabetes patients with COVID-19; however, the relation-
ship between glycemic status and lung CT severity remains
understudied [4, 5]. This study aimed to explore the impact
of diabetes mellitus (DM) and blood glucose status on chest
CT manifestations in COVID-19 patients using an artificial
intelligence (AI)-based quantitative evaluation system to
provide preliminary insight into COVID-19 comorbid with
diabetes from a radiological perspective.

Materials and methods

This study was approved by the Ethics of Committees of
Union Hospital, Tongji Medical College, Huazhong Univer-
sity of Science and Technology, and in accordance with the
1964 Declaration of Helsinki and its later amendments or
comparable ethical standards. Informed consent was waived
for this retrospective study.

Study participants and design

This retrospective study reviewed the clinical records of
480 patients with COVID-19 who were admitted to Union
Hospital of Tongji Medical College in Wuhan, China, from
January 20 to February 25, 2020; 136 patients with gly-
cosylated hemoglobin (HbA1c) and fasting blood glucose
(FBG) examination data were enrolled. According to the
Guidelines for the Diagnosis and Treatment of COVID-19
Pneumonia published by the National Health Commission of
the People’s Republic of China (7th edition, in Chinese), all
COVID-19 patients met the following criteria: (1) a history
of travel to or residence in Wuhan or exposure to individu-
als with fever, (2) fever or other respiratory symptoms, (3)
typical CT image abnormities indicative of viral pneumonia,
and (4) positive real-time reverse transcriptase polymerase
chain reaction (rRT-PCR) results for SARS-CoV-2 RNA
from throat-swab specimens obtained from the upper res-
piratory tract at admission. All the patients enrolled in this
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study met all of the criteria mentioned above. According to
the guidelines, disease cases was classified as mild, moder-
ate, severe or critical. The diagnosis criteria are as follows:
(1) mild cases: mild clinical symptoms and negative chest
imaging examination findings; (2) moderate cases: fever or
other respiratory symptoms, typical COVID-19 pneumonia
findings on chest imaging examinations; (3) severe cases: the
presence of any of the following criteria: (1) polypnea, a res-
piratory rate > 30 breaths/min; (2) oxygen saturation <93%
in a resting state; (3) an arterial oxygen partial pressure/frac-
tional inspired oxygen ratio (PaO,/FiO, ratio) <300 mmHg;
and (4) lung involvement developing > 50% within 24—48h,;
(4) critical cases: any of the following criteria: (1) respira-
tory failure requiring mechanical ventilation; (2) shock; and
(3) other organ failure with the need for intensive care unit
(ICU) treatment [10].

The DM patients were defined as those who had at least
one of the following conditions: (1) a history of DM and
treatment with regular diabetes-specific hypoglycemic
agents or insulin, (2) a fasting blood glucose concentration
greater than 7.0 mmol/L (126 mg/dL) measured at 2 differ-
ent time points, and (3) an HbAlc level greater than 6.5%
(48 mmol/mol) [11]. All the patients in this study had type
2 diabetes.

A total of 79 patients were identified as DM patients,
and the remaining 57 were non-DM patients (Group 1).
To avoid interference by concurrent pulmonary diseases
with diagnostic accuracy, DM patients with lung cancer (1
patient), atelectasis (1 patient) and tuberculosis (3 patients)
were excluded from this study. CT images with poor quality
(5 patients) that were not suitable for Al evaluation were
also excluded. According to the level of HbAlc within
3 days of hospital admission, the DM patients were divided
into the following two groups, with a cutoff value of 7%
[12]: the well-controlled BG group (Group 2, n=31), with
HbAlc < 7% (53 mmol/mol); and the poorly controlled BG
group (Group 3, n=38), with HbAlc >7% (53 mmol/mol).
Finally, a cohort of 126 patients was included in the analysis.
The detailed inclusion and exclusion processes are shown
in Fig. 1.

Data regarding baseline demographics, laboratory results
within 3 days of hospital admission, complications, diabetes
treatment and clinical outcomes were collected. The com-
posite endpoint was used to describe the clinical prognosis
of the three groups, and it was defined as the composite of
death or using mechanical ventilation or admission to the
ICU. Patients were classified according to their body mass
index (BMI) into four categories: underweight (< 18.5 kg/
m?), healthy weight (from 18.5 to <25 kg/m?), overweight
(from 25 to <30 kg/m?), and obese (>30 kg/m?). The
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57 patients in Group 1, 31 patients in Group 2 and 38 patients in Group 3 were enrolled in

this study

Fig. 1 Flowchart of study selection

duration of hospitalization and illness days (from symptom
onset to discharge) were compared among the three groups
to explore the impact of glycemic status on the COVID-19
course. The discharge criteria conformed with the Guide-
lines for Diagnosis and Management of COVID-19 (7th
edition, in Chinese), released by the National Health Com-
mission of China [10].

CT protocol and radiographic evaluation
A chest CT scan was obtained with the patient in the supine

position and was performed at end inspiration without con-
trast agents. Two commercial multidetector CT scanners

(Philips Ingenuity Corel28, Philips Medical Systems,
Best, the Netherlands; SOMATOM Definition AS, Sie-
mens Healthineers, Germany) were used, and patients
were screened using either of them. All the patients were
instructed on breath-holding to minimize motion artifacts.
The range of the chest CT scans extended from the upper
level of the thoracic inlet to the inferior level of the costo-
phrenic angle. Standard lung algorithm settings are as fol-
lows: 120 kVp and automatic tube current (180-400 mA);
hybrid iterative reconstruction technique (iDose level 5,
Philips Medical Systems, the Netherlands) or a pulmo-
nary B70F kernel and a mediastinal B30f kernel (Siemens
Healthineers, Germany); detector, 64 mm; rotation time,
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0.35 s; section thickness, 1.5 mm; collimation, 0.625 mm;
pitch, 1.5; and matrix, 512 x512. Then, the images were
reconstructed and transmitted to the workstation and picture
archiving and communication systems (PACS) for multipla-
nar reconstruction postprocessing.

The CT image features were automatically calculated by
a specialized quantitative CT evaluation system for COVID-
19 (YT-CT-Lung, YITU Healthcare Technology Co., Ltd.,
China), which has been used in clinical practice and scien-
tific research [13, 14]. The quantitative parameters of lung
lesions included the total lung volume (TV, cm?), total lung
lesion volume (LV, cm?), ground-glass opacity volume (GV,
cm?), consolidation volume (CV, cm?), percentage of total
lung lesion volume (PLV), percentage of ground-glass opac-
ity volume (PGV), and percentage of consolidation volume
(PCV).

Statistical analysis

Qualitative data were expressed as frequency rates and
percentages (%), and quantitative data were expressed as
medians (IQRs). Qualitative data were compared among the
three groups using the chi-square test or Fisher’s exact test,
and quantitative data were analyzed using the Kruskal-Wal-
lis test, followed by the Dunn—Bonferroni post hoc method.
Spearman correlation and linear regression analyses were
performed to estimate the relationships between HbAlc or
FBG and CT radiological manifestations as captured by Al
analysis. Regarding the severity of pulmonary lesions and
clinical outcomes, logistic regression was used as the classi-
fier to build the predictive model after adjusting for age, sex
and poorly controlled diabetes (Group 3 vs. other groups),
and the discrimination performance was quantified by the
value of area under the ROC curve (AUC). All statistical
analyses were performed using IBM SPSS Statistics Soft-
ware (version 24; IBM, New York, USA). A two-sided p
value <0.05 was considered statistically significant.

Results
General characteristics of study subjects

The median age of the patients was 60.4 years (IQR
55.0-68.1 years), the number of men was 73 (58%), and
the number of women was 53 (42%). The median age and
sex distribution were not significantly different (p > 0.05
each) among the three groups. Fever (73%), cough (58%)
and weakness (39%) were the most common onset symp-
toms in this study. The most common underlying comor-
bidities were hypertension (42%) and cardiovascular disease
(12%). The clinical severity classification of COVID-19, the
duration of hospitalization days and the duration of illness
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were significantly different among the three groups [Group
1vs.2vs.3,6(11%) vs. 7 (23%) vs. 12 (32%), p=0.042;
19.0 (12.0-28.0) vs. 20.0 (11.5-29.5) vs. 26.0 (18.0-37.0),
p=0.037 and 40.0 (32.0-47.0) vs. 40.0 (30.0-49.0) vs. 44.5
(38.8-53.0), p=0.049, respectively].

The median HbAlc level was 6.3 (IQR 5.6-7.5%) [45
(IQR 38-58 mmol/mol)] in the whole cohort and 5.5 (IQR
5.3-5.9%) [37 (IQR 34-41 mmol/mol)], 6.5 IQR 6.2-6.7%)
[48 (IQR 44-50 mmol/mol)], and 8.4 (IQR 7.7-10.6%) [68
(IQR 61-92 mmol/mol)] in Group 1, Group 2, and Group 3,
respectively. The median FBG level was 6.1 (IQR 5.2-8.3)
mmol/L in the whole cohort and 5.2 (IQR 4.9-5.9) mmol/L,
6.6 (IQR 5.9-7.4) mmol/L, and 10.3 (IQR 7.8-14.1)
mmol/L in Group 1, Group 2, and Group 3, respectively.
The median leukocyte count was 5.6 (IQR 4.6-7.0 % 10°/L)
in the whole cohort and 5.2 (IQR 4.4-6.4x 10°/L), 5.6 (IQR
4.8-7.0x10°/L) and 6.6 (IQR 4.8-8.2 x 10°/L) in Group 1,
Group 2, and Group 3, respectively. CRP was notably higher
in Group 3 than in the other two groups. The other labora-
tory results, including routine blood examination, hepatic
and renal function, and serum lipid level results, were not
significantly different among the three groups. The compos-
ite endpoints were 3 (5%), 5 (16%) and 10 (26%) in Groups
1, 2 and 3, respectively (p =0.013). All the data are sum-
marized in Table 1.

Chest CT manifestations

Table 2 illustrates the characteristics of the CT scans ana-
lyzed by the Al system. The median time between symptom
onset and CT scan was 15.0 days (IQR 8.3-30.0), which
showed no significant differences among the three groups.
While the total lung volume was similar among the three
groups, LV, GV, CV, PLV, PGV, and PCV all showed signifi-
cant differences among the three groups [the medians(IQRs)
in Group 1, 2 and 3: LV(cm®): 93.1 (25.1-275.7) vs.
115.5 (58.9-309.4) vs. 438.5 (159.9-1150.5); GV(cm?):
69.3 (22.5-222.6) vs. 114.4 (56.1-271.0) vs. 355.0
(144.6-933.6); CV(cm?): 5.0 (0.7-35.8) vs. 10.0 (3.4-17.5)
vs. 73.1 (12.5-175.3); PLV(%): 2.4 (0.6-5.8) vs. 3.8
(1.6-9.5) vs. 12.5 (4.1-34.1); PGV(%): 1.9 (0.5-5.2) vs. 3.6
(1.4-7.3) vs. 10.2 (4.0-26.3); PCV(%): 0.1 (0.0-0.6) vs. 0.3
(0.1-0.7) vs. 1.8 (0.3-5.7); respectively; p <0.001 for all)].
All the CT quantitative parameters were not significantly
different between Group 1 and Group 2. Three cases of lung
lesions as indicated by Al quantitative analysis are shown
in Fig. 2.

The association between CT manifestations
and glycemic control

The association between glycemic control (both HbAlc
and FBG on admission) and CT manifestations is displayed
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Table 1 General characteristics of study subjects
All patients Group 1 Group 2 Group 3 p value
n=126 n=>57 n=31 n=38

General demographics
Age (years)
Male (%)
Ever smoking (N, %)
Signs and symptoms
Fever
Cough
Sputum
Chest tightness
Dyspnea
Vomiting
Diarrhea
Weakness
Muscular soreness
Body mass index (BMI, kg/m?)
Weight status
Underweight
Healthy weight
Overweight
Obesity
Blood pressure (mmHg)
Systolic pressure
Diastolic pressure
Comorbidities
Any
Hypertension
Cardiovascular disease
Cerebrovascular disease
Chronic pulmonary disease
Hepatitis or liver cirrhosis
Chronic renal failure
Malignancy
Clinical classifications
Moderate cases
Severe or critical cases
Duration of hospitalization (days)
Duration of illness (days)
Laboratory results
Fast blood glucose (mmol/L)
HbAlc (%)
HbA 1c (mmol/mol)
Leukocyte count, x 10°/L
Lymphocyte count, x 10°/L
Platelet count, X 10°/L
Hemoglobin, ng/mL
C-reactive protein, mg/L
Alanine aminotransferase (U/L)
Aspartate aminotransferase (U/L)
Total bilirubin, pmol/L

60.4 (55.0-68.1)
73 (58%)
16 (13%)

91 (73%)

73 (58%)

24 (19%)

32 (26%)

21 (17%)

10 (8%)

16 (13%)

49 (39%)

39 31%)

24.2 (22.3-26.7)

1 (1%)
47 (58%)
26 (32%)
7 (9%)

135.0 (120.0-145.0)

83.0 (74.3-91.8)

68 (54%)
53 (42%)
15 (12%)
7 (6%)
7 (6%)
2 (2%)
3 (2%)
9 (7%)

101 (80%)

25 (20%)

21.0 (13.0-31.0)
42.0 (34.0-49.0)

6.1 (5.2-8.3)
6.3 (5.6-7.5)
45 (38-58)

5.6 (4.6-7.0)
1.4(1.1-1.9)

203.0 (151.0-252.0)
127.0 (114.0-138.0)

5.0 (1.7-25.0)
32.0 (20.0-59.0)
26.0 (19.0-40.5)
10.8 (7.8-13.8)

60.3 (50.3-65.8)
34 (61%)
7 (13%)

45 (80%)

33 (59%)
14(25%)

14 (25%)

10 (18%)
4(7T%)

6 (11%)

21 (38%)

19 (34%)

24.6 (22.0-26.1)

1 (4%)
14 (56%)
9 (36%)
1 (4%)

133.0 (120.0-143.0)

81.0 (73.0-94.0)

27 (48%)
19 (34%)
7 (13%)
3 (5%)

3 (5%)

0 (0%)
12%)

3 (5%)

51 (89%)

6 (11%)

19.0 (12.0-28.0)
40.0 (32.0-47.0)

5.2(4.9-5.9)
5.5(5.3-5.9)
37 (34-41)

52 (4.4-6.4)
1.5 (1.1-1.9)

196.0 (151.0-237.0)
129.0 (112.0-142.0)

3.0 (0.6-12.5)
37.0 (21.0-66.3)
29.5 (19.3-43.8)
10.7 (7.8-13.7)

60.0 (55.0-71.0)
14 (45%)
4 (13%)

20 (65%)

19 (61%)
6 (19%)
9 (29%)
7 (23%)
1. (3%)
3 (10%)

10 (32%)
9 (29%)

23.8 (22.3-27.5)

0 (0%)
16 (67%)

6 (25%)

2 (8%)

136.5 (121.5-143.0)

81.0 (73.5-90.0)

17 (55%)
15 (48%)
2 (6%)
1 (3%)
2 (6%)
1 (3%)
1 (3%)
3 (10%)

24 (17%)

7 (23%)
20.0 (11.5-29.5)
40.0 (30.0-49.0)

6.6 (5.9-7.4)
6.5 (6.2-6.7)
48 (44-50)

5.6 (4.8-7.0)
1.4 (1.1-1.8)

207.0 (151.0-245.0)
121.0 (112.0-129.0)

54(2.5-11.4)
26.0 (18.0-37.0)
24.0 (17.0-32.0)
10.7 (9.0-13.3)

62.0 (57.0-70.5) 0.220

25 (66%) 0.194
5 (13%) 1.000
26 (68%) 0.203
21 (55%) 0.895
4 (11%) 0.215
9 (24%) 0.899
4 (11%) 0.420
5(13%) 0.334
7 (18%) 0.491
18 (47%) 0.412
11 (29%) 0.881
24.5 (22.4-27.3) 0.801
0.683
0 (0%)

17 (53%)

11 (34%)

4 (13%)

136.5(120.3-149.0)  0.786
85.0 (78.0-95.0) 0.517

24 (63%) 0.371
19 (50%) 0.233
6 (16%) 0.498
3 (8%) 0.786
2 (5%) 1.000
1 (3%) 0.501
1 (3%) 1.000
3 (8%) 0.748
0.042

26 (68%)

12 (32%)

26.0 (18.0-37.0) 0.037
44.5 (38.8-53.0) 0.049

10.3 (7.8-14.1) 0.000
8.4 (7.7-10.6) 0.000
68 (61-92)
6.6 (4.8-8.2) 0.010
1.2 (0.8-1.9) 0.640

221.0(149.5-293.0)  0.523
129.0 (119.0-141.5)  0.119
9.8 (3.6-77.4) 0.009
32.5 (20.0-57.0) 0.078
25.0 (20.5-44.0) 0.107
11.2 (7.5-15.7) 0.803
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Table 1 (continued)

All patients Group 1 Group 2 Group 3 p value
n=126 n=57 n=31 n=38

Albumin, g/L 35.1 (30.8-40.2) 36.2 (33.1-40.7) 35.3(31.3-38.8) 33.3(29.4-39.6) 0.124
Blood urea nitrogen (mmol/L) 5.1 (4.0-6.7) 4.8 (4.0-5.9) 5.7 (4.3-7.2) 5.5 (3.9-8.6) 0.156
Serum creatinine (ummol/L) 67.0 (56.7-77.7) 67.3 (56.9-75.6) 66.1 (56.4-79.3) 68.5 (56.3-80.5) 0.905
Blood uric acid (ummol/L) 287.8 (216.4-356.4)  296.4 (221.2-394.3)  292.2(242.3-349.9)  256.6 (173.2-325.1)  0.139
Total cholesterol (mmol/L) 4.5(3.5-5.2) 4.7 (3.6-5.3) 4.0 (2.9-5.2) 4.3 (3.5-5.1) 0.445
Triglyceride (mmol/L) 1.5(1.1-2.2) 1.5 (1.0-2.1) 1.4 (1.0-2.2) 1.8 (1.1-2.7) 0.541
HDL-cholesterol (mmol/L) 1.0 (0.8-1.2) 1.0 (0.8-1.2) 1.1 (0.8-1.3) 0.9 (0.7-1.1) 0.153
LDL-cholesterol (mmol/L) 2.7(1.9-3.2) 2.9 (2.3-3.4) 2.1 (1.7-3.1) 2.4(1.9-2.9) 0.076
Treatment and outcomes
Treatment of diabetes 0.180

Lifestyle intervention - - 17 (55%) 16 (42%)

Oral hypoglycemic agent (OHA) - - 11 (35%) 11 (29%)

Insulin + OHA - - 1 (3%) 8 21%)

Insulin - - 2 (6%) 3 (8%)

Metformin - - 9 (29%) 9 (24%) 0.409

DPP-4 inhibitors - - 3 (10%) 2 (5%) 0.403
Use of corticosteroid 28 (22%) 9 (16%) 7 (23%) 12 (32%) 0.197
Death 4(3.2%) 1(1.8%) 1(3.2%) 2 (5.3%) 0.813
Mechanical ventilation 8 (6.3%) 1(1.8%) 2 (6.5%) 5(13.2%) 0.073
ICU admission 10 (7.9%) 2 (3.5%) 3(9.7%) 5(13.2%) 0.202
Composite endpoints* 18 (14%) 3(5%) 5(16%) 10 (26%) 0.013

Quantitative data were presented as median (IQR), while the counting data were presented as count (percentage of the total)
Italic values indicate P < 0.05

“Composite endpoints: The primary end point was a composite of death or using mechanical ventilation or admission to intensive care unit

Table 2 Characteristics of CT scan analyzed by Al systems among three groups

All patients Group 1 Group 2 Group 3 p value
n=126 n=>57 n=31 n=38
Onset of symptoms to CT 15.0 (8.3-30.0) 18.0 (10.3-30.0) 15.0 (7.0-30.0) 13.0 (7.5-30.0) 0.565
scan, days
Total lung volume, cm® 3666.6 (2904.8-4740.4) 4032.4 (3072.2-4903.1) 3570.6 (2858.6-4359.1) 3495.5 (2670.8-4653.2)  0.111
Total lung lesions volume, 167.1 (41.8-424.5) 93.1 (25.1-275.7) 115.5 (58.9-309.4) 438.5 (159.9-1150.5) <0.001
3
cm
GGO volume, cm® 145.1 (37.8-370.7) 69.3 (22.5-222.6) 114.4 (56.1-271.0) 355.0 (144.6-933.6) <0.001
Consolidation volume, cm® 12.4 (2.7-69.0) 5.0 (0.7-35.8) 10.0 (3.4-17.5) 73.1 (12.5-175.3) <0.001
Percentage of total lung 4.6 (1.2-11.5) 2.4 (0.6-5.8) 3.8 (1.6-9.5) 12.5 (4.1-34.1) <0.001
lesions volume, %
Percentage of GGO volume, 3.9 (1.1-10.0) 1.9 (0.5-5.2) 3.6 (1.4-7.3) 10.2 (4.0-26.3) <0.001
%
Percentage of consolidation 0.3 (0.1-1.8) 0.1 (0.0-0.6) 0.3 (0.1-0.7) 1.8 (0.3-5.7) <0.001
volume, %

Quantitative data were presented as median (IQR). No statistical differences were found between group 1 and group 2 analyzed by the Dunn-
Bonferroni post hoc method

in Table 3. In the linear regression analyses, HbAlc and f=0.381; p <0.001; FBG: f=0.350; p<0.001),
FBG were both associated with LV(HbAlc: f=0.392; CV(HbAlc: f=0.314; p<0.001; FBG: p=0.291;
p<0.001; FBG: f=0.361; p<0.001), GV(HbAlc: p=0.001), PLV(HbAlc: f=0.432; p<0.001; FBG:
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p=0.413; p<0.001), PGV(HbAlc: f=0.428; p<0.001;
FBG: =0.413; p<0.001)and PCV (HbAlc: f=0.344,
p<0.001; FBG: =0.314; p<0.001), and the asso-
ciation remained after adjustment for age, sex, BMI, and
comorbidities[LV(HbAlc: f=0.330; p=0.003; FBG:
$=0.359; p=0.001), GV(HbAlc: =0.289; p=0.009;
FBG: =0.323; p=0.003), CV(HbAlc: =0.437;
p<0.001; FBG: =0.436; p<0.001), PLV(HbAIlc:
p=0.401; p<0.001; FBG: p=0.446; p<0.001),
PGV(HbAlc: f=0.364; p=0.001; FBG: f=0.421;
p<0.001)and PCV (HbAlc: p=0.472; p<0.001; FBG:
f=0.455; p<0.001)].Among them, PCV was best corre-
lated with both HbA1c and FBG.

The association between CT manifestations
and clinical outcomes

Regarding the severity of pulmonary lesions and clini-
cal outcomes, the logistic regression analyses showed
that there were associations between LV (OR 1.002;
95% CI 1.001-1.003; p<0.001), GV (OR 1.002; 95%
CI 1.001-1.003; p<0.001), CV (OR 1.007; 95% CI
1.003-1.012; p=0.001), PLV (OR 1.067; 95% CI
1.032-1.103; p<0.001), PGV (OR 1.076; 95% CI
1.034-1.120; p<0.001), PCV(OR 1.280; 95% CI
1.110-1.476; p=0.001) and the composite endpoint; the
association remained after adjustment for age, sex and poorly
controlled diabetes[LV (OR 1.002; 95% CI 1.001-1.003;
p=0.003), GV (OR 1.002; 95% CI 1.000-1.003; p=0.008),
CV (OR 1.007; 95% CI 1.002-1.012; p=0.005), PLV (OR
1.057; 95% CI 1.016-1.100; p=0.006), PGV (OR 1.061;
95% CI 1.013-1.112; p=0.013), PCV(OR 1.269; 95% CI
1.069-1.507; p=0.006)]; among them, PCV had the highest
odds ratio (OR) of composite outcomes. The discrimination
performance of the predictive model was quantified by the
value of AUCI[LV (0.786; 95% C1 0.676-0.897; p <0.001),
GV (0.774; 95% CI 0.662-0.886; p <0.001), CV (0.811;
95% CI 0.716-0.907; p <0.001), PLV (0.796; 95% CI
0.691-0.900; p <0.001), PGV (0.783; 95% CI 0.678—0.889;
p<0.001), PCV (0.816; 95% CI 0.722-0.911; p <0.001)].
All the data are summarized in Table 4.

Discussion

Chest CT plays an important role in COVID-19 screening,
primary diagnosis, and evaluation [15-19]. However, tradi-
tional subjective CT evaluation of COVID-19 lung lesions
suffers from interobserver variability and thus reduced
diagnosis accuracy. Recently, artificial intelligence (Al)
has shown promise in deriving quantitative CT features
for disease monitoring and clinical outcome prediction
in COVID-19 patients [13, 14, 20-22]. In this study, the

baseline general demographics, such as age, sex, clinical
symptoms, and underlying comorbidities, were not sig-
nificantly different among the three groups. The median
age in this study was 60.0 years in Group 2 and 62.0 years
in Group 3, which were similar to those a previous study
of DM patients [4, 5]. The cohort contained more males
than females, and fever and cough were the first and sec-
ond most common symptoms; both of these findings were
consistence with previous reports including a more general
patient population [3, 6]. Among the three groups, patients
in Group 3 had the highest percentages of severe and criti-
cal cases and clinical composite endpoints and the most
hospitalization days and illness days. The leukocyte count
among the three groups was significantly different, and the
CRP level in Group 3 was obviously higher than those in the
other two groups. These findings may indicate that poorly
controlled BG patients with COVID-19 experienced more
severe inflammatory reactions, which may indicate a worse
prognosis and increased mortality, as reported previously in
COVID-19 patients with DM [5, 23].

A previous study by Guo et al. reported that the CT sever-
ity score was higher in diabetic patients than in nondiabetic
patients with COVID-19, but the severity score was evalu-
ated with a semiquantitative scoring system, and the impact
of blood glucose status on lung lesions was not studied [4].
Another study suggested that the incidence of bilateral lung
lesions was similar between well-controlled BG patients
and poorly controlled BG patients; however, lung lesions
were not quantified [5]. As the first study to investigate the
relationship between blood glucose status and COVID-19
pulmonary disease with Al analysis, this study showed that,
compared to non-DM patients, DM patients with poorly con-
trolled BG presented more severe lung lesions than those
with well-controlled BG. In addition, HbA1lc and FBG levels
at admission were linearly positively correlated with lung
lesion severity in diabetic COVID-19 patients. A study by
Raoufi et al. suggested that CT differences were not found
between well-controlled and poorly controlled DM patients
[24]. This was not consistent with our study. There are three
reasons that may explain the paradoxical findings between
the two studies: (1) In the previous study, patients with
well-controlled DM were significantly older than those with
poorly controlled DM; the median age in the well-controlled
group was 75.3 years, and that in the poorly controlled group
was 62.2 years (p <0.001). It is well known that old age is
associated with a poor outcome in patients with COVID-19;
consequently, older age in the well-controlled DM group
may have been a confounding factor that caused the negative
result in the previous study. (2) The previous study used the
traditional CT severity score, which was a semiquantitative
assessment method and was subject with large inter- and
intraobserver variability. (3) There are ethnic and geographi-
cal differences between Chinese and Iranian populations.
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«Fig.2 Cases of Al quantitative analysis of lung lesions: a A 67-year-
old woman, with HbAlc 6.0% and FBG 6.39 mmol/L, no history of
DM, the lung lesions detected by the Al system and visualized as
pseudo colors. Blue and pink pseudo colors representing ground-
glass opacity (GGO) and consolidation, respectively. The LV were
the summation of GV and CV. The LV, GV, CV, PLV, PGV and PCV
were 262.05 cm’, 249.66 cm®, 12.39 cm’, 8.07%, 7.69%, 0.38%,
respectively; b A 57-year-old woman, with HbAlc 6.8% and FBG
6.63 mmol/L, had a history of T2DM 8§ years, taking metformin
and acarbose to control blood glucose. The LV, GV, CV, PLV, PGV
and PCV were 361.63 cm?, 353.25 cm?, 8.38 cm?, 15.08%, 14.73%,
0.35%, respectively; ¢ A 62-year-old man, with HbAlc 9.9% and
FBG 10.84 mmol/L, had a history of T2DM 8 years, taking insulin
Glargine and NovoMix30R to control blood glucose. The LV, GV,
CV, PLV, PGV and PCV were 837.16 cm?, 613.95 cm?, 223.21 cm?,
28.32%, 20.77%, 7.55%, respectively

The study by Iacobellis et al. suggested that admission
hyperglycemia was the best predictor of radiographic
severity of COVID-19 [25]. In our study, both FBG and
HbAIc levels at admission were significantly predictive of
the radiographic severity of COVID-19. These two studies
shared some similarities while also noting some differ-
ences. Two reasons may explain the contradictory results:
(1) the previous study had a smaller sample size than that
in this study; (2) the previous study used chest radiograms
(CXR) as a semiquantitative radiographic assessment
method, while this study used chest CT examination with
AT quantitative analysis. Chest CT is more accurate and
precise than CXR.

Whether the HbA1c value is associated with a worse
outcome in COVID-19 patients complicated with diabetes
remains controversial. In a previous study, the HbA1c level
in people with both type 1 and type 2 diabetes was an inde-
pendent risk factor for COVID-19-related mortality [26].
In another study, a high HbAlc level was associated with
inflammation, hypercoagulability, and low SaO, in diabetic
COVID-19 patients, eventually resulting in an increased
mortality rate (27.7%) [23]. These findings were consistent
with those in our study.

The study reported by Cariou et al. indicated that HbAlc
was not associated with a worse outcome, which was dis-
cordant with the results of this study [27]. This discordance
may be due to the following: (1) The clinical primary end-
point was different. In the previous study, the primary out-
come and death were defined on day 7, representing a short-
term prognosis rather than a long-term prognosis. This study
analyzed the composite outcome during the whole period of
hospitalization as the primary endpoint. (2) In the previous
study, the HbAlc value in some patients was determined in
the 6 months prior and did not represent the blood glucose
status at hospital admission. The HbA 1c value in this study

was obtained within 3 days of hospital admission. (3) The
study subjects in the previous research were hospitalized
COVID-19 patients, and a less-severe form of the disease
was not generalized, while in this study, most of the patients
had moderate illness, although all of them were hospitalized.

The pathologic mechanisms concerning the positive
relationship between lung lesion severity and blood glucose
levels in COVID-19 patients remain unclear. Elevated BG
levels may increase viral replication and suppress the antivi-
ral immune response [5, 28, 29]. Moreover, DM patients are
more likely to be undernourished and are prone to develop
a cytokine storm, which may eventually lead to rapid dete-
rioration, than non-DM patients [4, 23]. In addition, pulmo-
nary dysfunction affecting lung volume, pulmonary diffusing
capacity, respiration, bronchomotor tone, and neuroadren-
ergic bronchial innervation in non-COVID-19 patients with
DM was previously reported [30]. All these factors may
account for the tendency of serious lung damage in diabetic
COVID-19 patients with poorly controlled BG.

There were some limitations in this study. First, the sam-
ple size was small, as only 126 inpatients were included in
this study. Further large-sample studies will be needed to
validate the findings of this study. In addition, as a single-
center study, most of the cases in this study were of moder-
ate severity, which led to selection bias. Moreover, because
of the study design, regular CT was impractical for severe
and critical cases; hence, the analysis of dynamic changes in
lung CT lesions was not feasible in this study. Furthermore,
some researchers consider that unknown/secondary hyper-
glycemia is associated with poor prognosis, but this factor
was not analyzed in this study due to the limited number of
cases. Finally, due to the small number of diabetic patients,
the role of some special antidiabetic drugs, such as met-
formin and DPP4 inhibitors, in the process of COVID-19
was not discussed.

Conclusions

In conclusion, this study revealed poorly controlled diabe-
tes was associated with severe lung lesions as evidenced by
certain CT parameters and bad clinical prognosis, and there
was a positive correlation between blood glucose level (both
HbAlc and FBG) on admission and lung involvement in
COVID-19 patients. Moreover, the severity of CT lesions
by AI quantitative analysis was correlated with clinical
outcomes. Thus, further research is warranted to ascer-
tain whether improved glycemic control correlates with
improved outcomes.
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Table 3 Summary of the regression analysis between HbAlc (%) or FBG (mmol/L) and CT features by Al analysis in COVID-19

HbAlc (n=126)

FBG (n=126)

Unadjusted Adjusted* Unadjusted Adjusted*

B-coefficient p value B-coefficient p value B-coefficient p value B-coefficient p value

Total lung lesions volume, cm’ 0.392 <0.001 0.330
GGO volume, cm® 0.381 <0.001 0.289
Consolidation volume, cm? 0.314 <0.001 0.437
Percentage of total lung lesions volume, % 0.432 <0.001 0.401
Percentage of GGO volume, % 0.428 <0.001 0.364
Percentage of consolidation volume, % 0.344 <0.001 0472

0.003 0.361 <0.001 0.359 0.001
0.009 0.350 <0.001 0.323 0.003
<0.001 0.291 0.001 0.436 <0.001
<0.001 0413 <0.001 0.446 <0.001
0.001 0.413 <0.001 0.421 <0.001
<0.001 0.314 <0.001 0.455 <0.001

*Adjusted by age, sex, BMI, and comorbidities

Table 4 Summary of logistic regression analysis and ROC Curve between CT features by Al analysis and composite endpoints

Unadjusted (n=126) Adjusted* (n=126) ROC curve (n=126)

OR (95%CI) p value  OR (95%CI) p value AUC (95%CI) p value
Total lung lesions volume, cm? 1.002 (1.001, 1.003) <0.001 1.002 (1.001, 1.003) 0.003 0.786 (0.676,0.897) <0.001
GGO volume, cm® 1.002 (1.001, 1.003) <0.001 1.002 (1.000, 1.003) 0.008 0.774 (0.662, 0.886) <0.001
Consolidation volume, cm? 1.007 (1.003, 1.012) 0.001 1.007 (1.002, 1.012) 0.005 0.811 (0.716,0.907) <0.001
Percentage of total lung lesions volume, %  1.067 (1.032,1.103) <0.001 1.057 (1.016, 1.100)  0.006 0.796 (0.691, 0.900) <0.001
Percentage of GGO volume, % 1.076 (1.034, 1.120) <0.001 1.061 (1.013,1.112) 0.013 0.783 (0.678,0.889) <0.001
Percentage of consolidation volume, % 1.280 (1.110, 1.476) 0.001 1.269 (1.069, 1.507) 0.006 0.816 (0.722,0.911) <0.001

Composite endpoints: The primary end point was a composite of death or using mechanical ventilation or admission to intensive care unit

“Logistic regression analysis were adjusted by age, sex, and poorly controlled diabetes
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