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Article Info ABSTRACT
Article type: Background and Objective: Diabetes is a common metabolic disease that
Research Article increases the risk of mortality of COVID-19. This study was done to compare

the clinical characteristics and laboratory parameters of COVID-19 in diabetic
patients using different glucose-lowering drugs to find out the proper
predictors of disease severity.
Methods: 157 diabetic patients with confirmed COVID-19 were enrolled in
three groups according to the antidiabetic medications used before admission
(metformin, insulin and sulfonylurea).
Findings: In 157 diabetic patients, the hospitalization length in the
metformin group was lower than the no metformin group while duration of
hospitalization and critical form of the disease in the insulin group were higher
than the no insulin group. Furthermore, the levels of blood sugar, BUN, ALT
and WBC were lower in the metformin group while ALP, ALT, BUN and
creatinine levels were significantly higher in insulin group. In sulfonylurea
group the levels of BUN and ALT were lower compared to the no
sulfonylurea group. We also found that BUN and total bilirubin were the
proper parameters to predict COVID-19 severity and mortality in metformin
and insulin group respectively.
Conclusion: It seems that the outcomes of renal function test, bilirubin and
O, saturation are important parameters to predict COVID-19 severity in
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Introduction

In December 2019, the first report of patients with unknown acute respiratory failure in Wuhan
province was provided by Zhu et al (1). They isolated a novel coronavirus hamed 2019-nCoV from the
airway epithelial cells of patients with common respiratory symptoms. The Coronavirus disease 2019
(COVID-19) has spread rapidly over the entire world with a vast clinical representation from mild
infection to multi-organ failure and rapid death®. Several risk factors, such as male gender, old age,
obesity, and having one or more comorbidities, such as hypertension, cardiovascular disease, diabetes,
etc. increase the life-threatening complications of COVID-19 (2).

Diabetes mellitus is a common metabolic disease that increases the risk of mortality and severity of
COVID-19 (3). Initial studies have revealed that a large number of hospitalized patients with COVID-
19 have been suffered from diabetes. Recently, it has been reported that approximately a quarter of
patients admitted for COVID-19 in the United Kingdom (UK) had diabetes (3, 4). Another study
revealed that the mortality rate of COVID-19 in diabetes patients is twice as high as in the general
population (5). Indeed, hyperglycemia, inflammation, hypertension, and renal disorder in diabetic
patients induce a critical form of COVID-19 and increase the risk of mortality (5). Furthermore,
hyperglycemia even in non-diabetics individuals with COVID-19 enhances the severity of the disease.
Hyperglycemia stimulates the secretion of proinflammatory cytokines and enhances oxidative stress that
complicates COVID-19 (6).

Several studies have represented crucial information about the positive or negative effects of different
glucose-lowering drugs on COVID-19 severity and mortality (7-9). In this regard, metformin was
proposed as a suitable medication that reduces mortality of COVID-19 in diabetic patients due to its
immune-regulatory and anti-inflammatory effects (10). Recent literature showed the lower rate of
mortality in diabetics who consume metformin before admission (11), while taking insulin increases
mortality rate by induction systemic inflammation and multi-organ injuries (9, 12). However, little is
known about the impact of different anti-diabetic medications before hospitalization on the clinical
characteristics, laboratory parameters, and severity of COVID-19 in patients with diabetes. Moreover,
a study on laboratory parameters could provide valuable information about crucial predictors of the
critical form of COVID-19 in diabetic patients and help clinicians to provide appropriate strategies for
timely treatment. This study was done to compare the clinical characteristics, laboratory parameters, and
severity of COVID-19 in diabetic patients using different glucose-lowering drugs to find out the proper
predictors of disease severity and death in each group.

Methods

This For this retrospective study, the diabetic patients with confirmed COVID-19 were recruited from
two university hospitals (Ayatollah Rouhani and Yahyanejad university hospital, Babol, Iran) between
20 April 2020 and 21 July 2020. The study was approved by the Ethics committee of Babol University
of Medical Sciences (IR.MUBABOL.REC.1399.284).

COVID-19 infection was confirmed by positive nasopharyngeal swab reverse-transcription
polymerase chain reaction (RT-PCR) assay regardless of clinical signs and symptoms or negative results
from chest computed tomography (CT) images (7). The presence of diabetes was assessed based on the
patients’ medical history.

We extracted data from patients’ medical files who had used one or more glucose-lowering drugs,
including insulin, metformin and/or sulfonylurea, either discharged or dead. Their information,
including age, gender, vital signs (pulse rates, respiratory rates, oxygen (O,) saturation, body
temperature, and blood pressure), medication, comorbidities (coronary heart disease, hypertension,
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chronic kidney disease, cancer, past surgical history, and chronic pulmonary disease), laboratory
findings (blood sugar, lactate dehydrogenase (LDH), blood urea nitrogen (BUN), serum creatinine,
aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), total
bilirubin, albumin, sodium (Na), potassium (K), magnesium (Mg), calcium (Ca), C-reactive protein
(CRP), complete blood count (CBC), erythrocyte sedimentation rate (ESR), prothrombin time (PT),
partial thromboplastin time (PTT)) and CT images on admission was collected.

A total of 200 diabetic patients with confirmed COVID-19 were included, of whom patients younger
than 18 years old, older than 85 years old, and those with hospitalization of fewer than 3 days and lack
of complete information in medical files were excluded. Furthermore, patients who had been
hospitalized more than once for COVID-19, data from only the first admission were included. Therefore,
157 patients were enrolled in this study. These patients were grouped according to antidiabetic
medication used for at least seven days before admission. In the metformin group, 100 patients had used
metformin alone or along with other antidiabetic medications (metformin-group) and 57 patients had
used one or multiple antidiabetic drugs other than metformin (no-metformin-group). In the insulin
group, 46 patients had used insulin alone or along with other antidiabetic medications (insulin-group)
and 111 patients had used one or multiple antidiabetic drugs other than insulin (no-insulin-group). In
the sulfonylurea group, 68 patients had used sulfonylurea alone or along with other antidiabetic
medications (sulfonylurea-group) and 89 patients had used one or multiple antidiabetic drugs other than
sulfonylurea (no-sulfonylurea-group).

The severity of the disease was graded as previously reported by Lou et al (7). Briefly, mild infection
was defined as mild clinical symptoms without any signs of pneumonia on CT images. Moderate
infection was defined as respiratory tract symptoms and CT images with signs of pneumonia. Severe
clinical manifestations were defined as respiratory rates higher than 30 breath/minutes and O, saturation
lower than 93%, and the critical type was defined as respiratory failure and the need for mechanical
ventilation or intensive care.

Statistical analysis

Data were statistically analyzed by SPSS software version 22. Continuous data were presented as
means + standard deviation (SD), and categorical data as frequency and percentages. Statistical
comparisons were made using Mann-Whitney U test for continuous data and Chi-square test for
categorical data. Simple linear logistic regression was used for crud odds ratio (OR) with 95%
confidence interval (95%CI) and multiple linear logistic regression was used for adjusted OR (95% CI)
to identify appropriate predictors for mortality and critical form of COVID-19. a =0.05 was considered
as the level of significance.

Results

Clinical outcomes of the whole population

In this retrospective study, 157 diabetes patients (65 male/92 female) with confirmed COVID-19 were
included and analyzed from admission to discharge or death, of whom 19 patients (12.1%) died
unfortunately and 138 patients (87.89%) were discharged. Furthermore, 39 individuals (24.84%) were
mildly infected, 44 patients (28.02%) showed moderate symptoms of COVID-19, 34 patients (21.65%)
had a severe clinical presentation, and 40 patients (25.47%) became critically ill (Figure 1).
Comparison of clinical outcomes and laboratory parameters between the metformin and no-
metformin groups

Of 157 patients enrolled in the study, 100 patients were assigned to the metformin group and 57
patients into the no metformin group. Clinical characteristics and laboratory parameters on admission
days are shown in Table 1. The mean age £SD of patients in the metformin and no metformin groups
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were 58.7 £10.98 and 60.77 £12.10 years, respectively (P=0.92). Forty-six (56%) individuals in the
metformin group and 36 (63.2%) participants in the no metformin group were females (P= 0.24). No
significant differences were found in vital signs between the two groups on admission days. Besides,
there was no difference in terms of ARBs and/or ACE inhibitors and statin use between the two groups.

The mean length of hospitalization in the no metformin group was 11 days (25th—75th percentile, 7-
14 days), which was significantly higher than the metformin group (6 days (25th—75th percentile, 5-8
days) (P< 0.00). However, there were no significant differences in the rate of death (P= 0.49) and the
severity of the disease (P= 0.15). However, analysis of laboratory parameters showed that the levels of
blood sugar (191.3 £89.67 vs. 235.21 £118.53), BUN (23.87 £13.7 vs. 31.6 £19.20), ALT (32.76 +24.14
vs. 53.26 £38.12), and WBC (8606 +4507 vs. 10445 +6242) were significantly lower in the metformin
group compared to the no metformin group. There were no significant differences in other laboratory
variables (Table 1).

Comparison of clinical outcomes and laboratory parameters between the insulin and no insulin
groups

Among the patients included in the study, 46 patients were in the insulin group and 111 patients were
in the no insulin group. Clinical characteristics and laboratory parameters on admission days are shown
in Table 1. The mean (xSD) age in the insulin group and no insulin group were 60.17 £12.38 and 59.33
+11.02 years (P= 0.63) and the number (%) of females in each group was 29 (63%) and 63 (56.8%),
respectively (P= 0.29). No differences were observed in vital signs and use of ARBs and/or ACE
inhibitors and statin (P= 0.33 and P= 0.47) between the two groups.

The duration of hospitalization in the insulin group (10 days (25th—75th percentile, 6-13.25 days))
was significantly longer than the no insulin group (7 days (25th—75th percentile 5- 10 days)) (P=0.01).
Also, the critical form of the disease was more observed in the insulin group compared to the no insulin
group (19 (41%) vs. 21 (18.91%) (P= 0.07)). Furthermore, the comparison of laboratory outcomes
showed that the levels of BUN (36.5+18.6 vs. 22.75+11.7), creatinine (1.67+0.71 vs. 1.4+0.69), ALT
(64£26.13 vs. 30.34+17.41), ALP (254.89+110.08 vs. 201.71+86.60) were significantly higher in the
insulin group compared to the no- insulin-group (P>0.00, P=0.01, P>0.00, and P>0.00, respectively).
Comparison of the clinical outcomes and laboratory parameters between the sulfonylurea and no
sulfonylurea groups

Sixty-eight patients of 157 individuals enrolled in the study were in the sulfonylurea group and the
remaining 89 patients were in the no sulfonylurea group. Clinical characteristics and laboratory
parameters on admission days are shown in Table 1. The mean (xSD) age in the sulfonylurea group and
no sulfonylurea group was 59.84+10.37 and 59.25+£12.10 years, respectively (P= 0.74). Thirty-nine
(57.40%) patients in the sulfonylurea group and 53 (59.6%) patients in the no sulfonylurea group were
females (P= 0.45). No differences were observed in vital signs and the use of ARBs and/or ACE
inhibitors and statin between the two groups. Furthermore, there was no difference in hospitalization
length (P= 0.14), the rate of death (P=0.27), and disease severity between the two groups (P=0.20).
Evaluation of the laboratory parameters on admission days showed the lower levels of BUN (22+4.17
vs. 30.25+21.79) and ALT (30.57+£19.59 vs. 47.56+21.55) in the sulfonylurea group compared to the no
sulfonylurea group (P<0.00 and P=0.01, respectively).

Comparison of the clinical outcomes and laboratory parameters between patients with critical and no
critical manifestation

To find out the important variables related to critical form COVID-19 in diabetic patients who
consume different anti-diabetic drugs, we compared the clinical and biological outcomes between
patients with critical and no critical manifestation. In the metformin-group, we found that the LDH
(P<0.00), BUN (P, 0.00), creatinine (P= 0.02), AST (P< 0.00), bilirubin (P= 0.02), and CRP (P<0.00)
levels and WBC count (P< 0.00) were significantly higher and O, saturation (P< 0.00) was lower in
patients with critical symptoms compared to no-critical patients. In the insulin group, the levels of
respiratory rate, LDH, AST, ALT, and bilirubin were higher and O saturation was lower in the critical
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patients compared to patients with no critical form of the disease (P< 0.00 for all comparisons).
Comparison of critical and no-critical patients in the sulfonylurea group indicated that the LDH, BUN,
and bilirubin levels and WBC count were higher and O saturation was lower in the critical patients
(P<0.00 for all comparisons) (Table 2).

To evaluation the ability of clinical and biological outcomes to predict the critical form of COVID-
19, we analyzed them by Simple linear logistic regression and multiple linear logistic regression using
cut-off, sensitivity, and specificity values (Table 3). Our data revealed that among clinical outcomes, O
saturation was the best predictor of critical condition for all groups. Regarding laboratory parameters,
BUN levels on admission day were associated with the critical form of COVID-19 in the metformin
group (adjusted OR: 1.52, AUC 0.80, cut-off: 30mg/dl, specificity: 82%, and sensitivity: 69). However,
in the insulin group, the levels of serum total bilirubin were the best predictor of critical manifestation
in COVID-19 (adjusted OR: 4.48, AUC: 0.92, cut-off: 1.3 mg/dl, specificity: 85%, and sensitivity: 100).

Comparison of the clinical outcomes and laboratory parameters between patients who died and
discharged

To identify the main and most significant factors related to death in diabetic patients with COVID-
19, we analyzed clinical outcomes and laboratory parameters between the patients who died and were
discharged. The levels of LDH (P< 0.00), BUN (P< 0.00), creatinine (P=0.01), AST (P=0.01), and CRP
(P< 0.00) were higher and O, saturation was lower in dead patients compared to discharged patients in
the metformin group. In the insulin group, the levels of LDH (P< 0.00), ALT (P=0.02), ALP (P=0.01),
and total bilirubin (P< 0.00) were higher and O, saturation was lower significantly in patients who died.
Comparison of dead and discharged patients in the sulfonylurea group indicated the higher levels of
LDH (P< 0.00), BUN (P< 0.00), and CRP (P=0.01), and the lower level of O, saturation (P< 0.00) in
patients who died (Table 4). Furthermore, analysis of clinical and paraclinical variables by simple linear
logistic regression and multiple linear logistic regression indicated that O, saturation was the most
important factor to predict the death of patients in all groups. Among laboratory parameters, BUN was
the best predictor of death in the metformin group (adjusted OR: 1.56, AUC: 0.86, cut-off: 33mg/dl,
specificity: 80%, and sensitivity: 73). In the insulin group, the level of total bilirubin significantly
predicted death as well as critical symptoms (adjusted OR: 6.85, AUC: 0.90, cut-off: 1.4 mg/dlI,
specificity: 83%, and sensitivity: 100). No laboratory parameters predicted death in the sulfonylurea
group (Table 5).
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43 patients were excluded according to the
below criteria

* Younger than 18 years old

* Older than 85 years old

= Hospitalization less than 3 days

+ Lack of complete information

* Patients who were hospitalized for second
time

200 diabetic patients with confirmed
COVID-19 recruited between 20 April 2020
and 21 July 2020.

157 patients were enrolled

Clinical outcomes:

19 patients (12.1%) died
138 patients (87.89%) were discharged

39 patients (24.84%) were mild

44 patients (28.02%) were moderate
34 patients (21.65%) were severe
40 patients (25.47%) were critical

Classification of patientsinto three
comparison groups
* Metformin comparison group (n=157)
metformin - group (n= 100)
no metformin - group (n= 57)
* Insulin comparison group (n= 157)
insulin- group (n= 46)
no insulin - group (n=111)
» Sulfonylurea comparison group (n= 157)
sulfonylurea - group (n= 68)
no sulfonylurea - group (n= 89)

Figure 1. Study flowchart
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Table 1. Comparison of clinical characteristic and laboratory parameters between diabetic patients with COVID-19 in metformin group/no metformin group,
insulin group/no insulin group and sulfonylurea group/no sulfonylurea group

No insulin
group (n=111)

Insulin group
(n=46)

Sulfonylurea
group (n=68)

No sulfonylurea

group (n= 89) P-value

Variable P-value P-value

group (n=100) group (n=57)

Metformin No metformin

[ Downloaded from crms.mubabol.ac.ir on 2024-04-29 ]

[ DOI: 10.22088/crms.6.2.32 ]

Age (years) 58.7 +10.98 60.77 £12.10 029 | 60.17+12.38 | 59.33 +11.02 0.63 59.84 £10.37 59.25+ (12.1 0.74
Male (%) 44 (44%) 21 (36.8%) 0.24 17 (37%) 48 (43.2%) 0.29 29 (42.6%) 36 (40.4%) 0.45
Female (%) 56 (56%) 36 (63.2%) 29 (63%) 63 (56.8%) 39 (57.4%) 53 (59.6%6)
HOSpita'(g:S;’)” U 6 (5-8) 11 (7-14) >0.00 | 10 (6- 13.25) 7 (5- 10) 0.01 7 (5-11.25) 8 (6- 12) 0.14
Death (%) 11 (13.92%) 8 (10.25%) 0.49 3 (7.1%) 16 (13.91%) 0.24 6 (9.6%) 13 (17.1%) 027
Clinical severity
Mild (%) 29 (29%) 10 (17.5%) 7(15.21%) | 32 (28.82%) 17 (25%) 22 (24.7%)
Moderate (%) 26 (26%) 18 (31.6%) 11 (23.91%) | 33 (29.72%) 21 (30.9%) 23 (25.8%)
Severe (%) 24 (24%) 10 (17.5%) 0.15 9 (19.6%) 25 (22.5%) 0.07 18 (26.5%) 16 (18%) 0.2
Critical (%) 21 (21%) 19 (33.3%) 19 (41%) 21 (18.91%) 12 (17.6%) 28 (31.5%)
Vital signs
Body temperature (°C) 37 £0.71 36.9 £1.05 023 | 36.83+1.17 | 37.06+0.67 0.11 37.02+0.81 36.97 +1.04 0.70
systolic blood pressure 12.47 +2.39 12.75 +2.74 049 | 1293275 | 12.42+241 0.24 125 +2.56 12625 0.75
(x10 mmHg)
diastolic blood pressure 7.3420.23 7.66 £0.36 0.12 7.67+16 7.36 £1.09 0.17 7.41+1.16 7.49+134 0.68
(x10 mmHg)
Pulse rate (BPM) 85.84 £16.03 89.23 £15.68 020 | 88.30+£13.44 | 86.56+16.9 0.53 81 £78- 93,5 82 £78-92.2 0.80
Respiratory rate (BPM) 19.47 +2.39 19.42 +2.74 0.95 19.5 +2.59 10.43 +2.84 0.89 19.74 +3.07 19.24 2.5 0.46
02 saturation (%) 93.3 £7.27 92.84 +6.22 063 | 92574513 | 93.43+7.09 0.45 93.49 +5.04 92.94 £7.55 0.61
Comorbidity
Coronary heart disease (%) 33 (33%) 27 (47%) 0.09 13 (28%) 47 (42%) 0.14 25 (36%) 35 (39%) 0.8
Hypertension (%) 49 (49%) 33 (59.6%) 013 | 28(60.9%) 55 (49.5) 0.80 32 (47.1%) 51 (57.3%) 0.13
Chronic kidney disease (%) 1 (1 %) 4 (7.1%) 0.06 3 (6.5 %) 2 (1.8 %) 0.10 2 (2.9%) 3 (3.4 %) 0.41
Cancer (%) 1(1%) 3 (5.3%) 0.13 3 (6.5%) 1 (0.9 %) 0.08 1 (1.5%) 3 (3.4 %) 0.41
Past surgical history (%) 14 (14%) 11 (19.3%) 0.25 9 (19.6%) 16 (14.4%) 0.28 11 (16.26%) 14 (15.7%) 0.55
Chronic p“'(‘f,‘/g’)”ary disease 0 (0%) 2 (3.5%) 0.13 2 (4.3%) 00 %) 0.09 0(0 %) 2 (2.24 %) 0.32
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AR e OQ(Q)():E Gilariafies 14 (14%) 15 (26.3) 008 | 11(23.9%) | 18 (16.22%) 0.26 9 (13.23%) 20 (22.47%) 0.15
Statin (%) 20 (20%) 12 (21.9%) 051 | 9(19.6%) 23 (20%) 0.52 13 (19.1%) 19 (21.3%) 0.44
Laboratory findings
Blood sugar (mg/dI) 191.03+89.67 | 2352111853 | 001 | 22585+120 | 199.29+98.38 | 0.16 21044 +99.6 | 204.49 +95.81 0.73
LDH (Unit/l) 463.77 284 472.02 216 085 | 474+19634 | 463+2517 0.8 4530542525 | 477 23361 0.57
BUN (mg/dI) 23.87 £13.7 316 +19.20 001 | 365+186 | 22754117 | >0.00 22 +4.17 3025+21.79 | >0.00
Creatinine (mg/dI) 1.21+0.61 1.44 £0.75 014 | 167+0.71 1.4 +0.69 0.01 1.16 £0.57 14+0.71 0.11
AST (Unit/l) 36.99 +20.58 42162440 | 033 | 4937+37.06 | 3451+2245 | 008 34.35 +21.13 4231 +23.11 0.12
ALT (Unit/l) 32.76 +24.14 5326+3812 | 003 | 6442613 | 3034+1741 | >000 | 30.57+19.29 47.56 £21.55 0.01
ALP (Unit/l) 207.06 +99.37 235 +138.07 0.14 | 2548+11008 | 201.71+86.60 | >0.00 | 200.19+837 | 230.36+10021 | 0.10
Bilirubin (mg/dI) 1.14+0.9 1.24 +0.83 0.47 124407 115+0.6 0.55 1.14 £0.56 1.21+0.61 0.62
Na (meq/l) 134 +4.3 134 +5.1 091 | 13434508 | 1342+45 0.98 133.76 +4.65 134.39 +4.68 0.40
K (meg/l) 42055 4.2+0.41 095 | 4.23+0.46 4.2 0.5 0.73 4.15 +0.45 4.25 +0.54 0.18
Mg (mg/dI) 2.1 (0.43) 231+0.86 029 | 224+048 2.16 £0.52 0.46 2.19+0.79 2.18 +0.46 0.92
Ca (mg/d) 8.66 +0.93 8.5 +0.87 025 | 8 5+092 8.67 0.9 0.28 8.6 +0.91 8.5 0.90 0.31
CRP (mg/d) 95.2 +69.9 102.3 +85.6 0.07 | 103.23+80.77 | 955846060 | 056 | 1023247535 | 94.39+76.42 0.51
WBC (/mm?) 8606 +4507 104456242 | 003 | 1075245119 | 8661 +4224 0.10 9192 +5506 9389 +51.3 0.75
RBC (/mm?) 4.26 +0.79 4.27+0.72 092 | 428+0.79 4.25+0.75 0.02 43+0.71 43408 0.64
Platelets (x 109L) 247 +111 260.5 +120 048 | 256.24+126 | 250.86£109 0.80 256 +113.4 24937 +1154 | 074
Hb (g/dI) 114421 11.2+4.91 0.66 | 11.05+1.89 11512 0.18 11.6+1.86 11.7+2.36 0.81
HCT (%) 34.7 +5.82 35.1+4.98 0.66 | 35314496 | 351104573 | 0.38 35.43 +5.55 3512 +5.47 0.23
MCV (fl) 82 +8.08 81+8.87 072 | 82394803 | 815985 0.59 81.81 +9.7 81.83+ 7.81 0.79
MCH (pg) 27 +3.54 2657 4553 054 | 26124622 | 27.15+3.28 0.17 26.95 +3.43 26.77 +4.97 0.92
MCHC (g/d) 32.44+1.72 32.35 253 080 | 32+31-34 32 +31- 34 0.99 32+1.97 32+1.14 0.91
ESR (mm) 52.9 +30.1 5723+2047 | 040 | 66.07+3485 | 49.67+2828 | 002 5220+3054 | 56.13+31.67 0.39
PT (Second) 13.82 +2.02 13.94 4317 0.7 132434 13.4 +5.65 0.23 134211 13+2.48 0.79
PTT (second) 30 +5.64 34.08 +7.24 0.33 30455 31+4.66 0.20 30 +2.43 30 +2.27 0.21

Data are expressed as mean£SD or humber (%). P<0.05 was considered as statistically significant.
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Table 2. Comparison of clinical characteristics and laboratory parameters between patients with critical and no-critical form of COVID-19 in metformin
group/no metformin group, insulin group/no insulin group and sulfonylurea group/no sulfonylurea group

Metformin group (n=100) Insulin group (n=46) Sulfonylurea group (n=68)

Variable P-value no-critical P-value

(n=56)

P-value no-critical

. (n=2n

no-critical

((n=79

Critical (n=21)

Critical (n=19) Critical (n=12)

[ Downloaded from crms.mubabol.ac.ir on 2024-04-29 ]

[ DOI: 10.22088/crms.6.2.32 ]

Age (years) 58.03+ 1.2 6166257 | 018 | 5955+ 1.92 | 6124+3.77 0.66 60.16  1.29 58.33 + 3.8 0.58
Body temperature (°C) | 37.03%0.08 37164008 | 0.44 36.00 + 0.08 36.7 + 0.45 0.56 37 +0.60 37.04+0.18 0.92
systolic blood pressure 12.43 + 02 12.61 + 0.46 0.75 1239 + 0.48 12.94+0.73 0.99 12.35+0.33 12.16 +0.79 0.32

(x10 mmHg)

diastolic blood

ressure(x10 mmHa) 731+0.12 7.42+0.21 0.67 7.65+0.26 7.70 + 0.46 0.91 7.35+0.16 7.66 + 0.28 0.40
pulse rate (BPM) 84.05 + 1.54 9257+478 | 0.05 88.66 + 2.37 87.71+3.6 0.94 84.04 + 1.77 99.17+7.88 | >0.00

Respiratory rate (BPM) 19.34+0.2 19.95 + 0.85 0.30 18.55 + 3.73 21.12 + 6.64 >0.00 19.48 + 0.39 20.92 £ 0.98 0.14
02 saturation (%) 95.14 + 3.9 8671+1329 | >000 | 96.48+6.3 8020+ 147 | >0.00 94.96 % 0.3 8658+2.25 | >0.00

Blood sugar (mg/dl) | 191.97 +10.24 | 187.48+18.380 | 0.83 | 230.48+2431 | 217.94+2511 | 073 | 20827+1339 | 22058+2899 | 0.70
LDH (Unit/l) 378.80 + 1945 | 78343+84.32 | >000 | 394.69+3033 | 6112444222 | >000 | 3727542179 | 82891+105 | >0.00
BUN (mg/dl) 19.03+1.016 | 4205+615 | >0.00 | 3451+ 397 | 3894+571 0.51 18,51 +0.98 3828+7.36 | >0.00

Creatinine (mg/dl) 1.13+0.07 155+ 0.2 0.02 1,56 + 0.15 1.54 +0.15 0.92 1.10 +0.08 1.45 + 0.24 0.10

AST (Unit/l) 33.71+2.81 5410+9.37 | >000 | 3545+369 | 7312+11.72 | >0.00 31,50 +3.73 47.25 + 431 0.06

ALT (Unit/l) 31.05 + 2.47 3019+6.68 | 017 | 39.55+6.325 | 105.71+20.70 | >0.00 28.95 + 3.36 38.17 + 4.49 0.21

ALP (Unit/l) 10325+ 11,61 | 207.83+1865 | 098 | 24538+24.14 | 271.12+49.73 | 060 | 19852+ 11.37 208+ 23.17 0.72

Total bilirubin (mg/dl) 1.03+0.08 1,53 +0.25 0.02 0.98 + 0.08 169+025 | >0.00 1.04 +0.08 1.60 + 0.31 0.02

Na (meg/l) 13419+049 | 13371+099 | 066 | 13431+101 | 13382+110 | 075 13368+0.64 | 13417+118 | 0.74

K (meg/l) 417 +0.05 431+0.14 0.17 4.18 +0.08 431+0.10 0.34 4.14+0.06 415+ 0.14 0.94

Mg (mg/dI) 2.1+0.04 215+0.1 0.60 2,20+ 0.08 231+0.13 0.35 221+0.11 2,06 + 0.08 0.55

Ca (mg/dl) 8.68 + 0.11 8.58 + 0.12 0.68 8.25 + 0.19 8.68 = 0.14 0.13 8.74+0.11 8.33+0.20 0.12

Current Research in Medical Sciences, 2022; 6(2): 32-49


http://dx.doi.org/10.22088/crms.6.2.32
http://crms.mubabol.ac.ir/article-1-134-en.html

[ Downloaded from crms.mubabol.ac.ir on 2024-04-29 ]

[ DOI: 10.22088/crms.6.2.32 ]

COVID-19 and different glucose-lowering drugs / Khafri S, et al

41

CRP (mg/dl) 85.34+ 6.92 132.43 £ 19 >0.00 95.03 £ 12.06 117.22 £ 29.16 0.41 86.17 = 8.78 177.66 + 21.32 > 0.00
WBC (/mm3) 7621 + 414 12495 + 1204 >0.00 10603 + 929 11005 + 1323 0.80 8850 + 741 10554 + 1605 0.35
RBC (/mm3) 4.18 +£ 0.08 4.55+0.16 0.07 4.26 £ 0.15 4.34+0.18 0.74 4.27+0.10 4.43+0.15 0.47
Platelets (x 109/L) 250.01 +12.29 238.68 + 26.64 0.68 239.86 +19.98 284.18 +37.25 0.25 252.18 + 14.66 276.14 + 38.14 0.50
Hb (g/dI) 11.41+£0.23 11.63 £ 0.47 0.67 10.68 + 0.38 11.38 +0.38 0.37 11.47 £ 0.25 12.38 £ 0.62 014
HCT (%) 34.75 = 0.65 34.74 £1.29 0.99 34.30 = 0.87 34.22 +1.33 0.94 35.77 £0.77 34.22 +£1.26 0.38
MCV (fl) 82.42£0.91 81.91+1.78 0.56 83.80+1.10 79.88 + 2.53 0.12 83.06 +1.10 75.95 + 3.10 0.10
MCH (pg) 27.03+£0.37 26.92 + 0.95 0.90 27.69 + 1.07 2342 +1.48 0.09 26.83 + 0.45 27.54 +1.06 0.51
MCHC (g/dl) 33.38+0.2 32.28 £ 0.37 0.49 32.48 +0.44 33.04 £ 0.57 0.57 32.54 £ 0.26 31.91 +0.59 0.32
ESR (mm) 51.35+7.44 58.71+7.44 0.33 66.14 + 7.40 65.94 + 5.80 0.98 5123+ 4 57.25+0.64 0.54
PT (Second) 13.74 £ 0.22 14.12 £ 0.39 0.44 13.66 + 0.24 15.24 + 1.27 0.10 13.69 +0.29 13.61 + 0.64 0.92
PTT (second) 33.28 = 0.65 33.29+ 1.59 0.99 33.97+1.19 36.12 +2.20 0.35 32.54 £ 0.61 32.25+1.03 0.28

Data are expressed as mean+SD or number (%). P<0.05 was considered as statistically significant.
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Table 3.

Simple linear logistic regression and multiple linear logistic regression analysis to predict critical form of COVID-19 diseases in metformin group,

Variable
Metformin group

COVID-19 and different glucose-lowering drugs / Khafri S, et al

insulin group, sulfonylurea group and total patients

Crude OR  95% CI | Adjusted OR | 95% ClI

ACU (P value)

Cut off

Specificity (%) Sensitivity (%0)

02 saturation 0.81 0.68- 0.97 0.83 0.71- 0.95 0.76 (0.00) 91.5% 90 61
LDH 1 1-1.01 1 1-1.01 0.86 (0.00) 450 mg/dl 74 86
BUN 1.48 1.02-1.59 1.52 1.08-1.60 0.80 (0.00) 30 mg/dl 82 69
Creatinine 0.47 0.08 -2.54 - - - - - -
Total bilirubin 1.32 0.66- 2.06 - - - - - -
CRP 0.99 0.97-1.01 - - - - - -
Insulin group
O2 saturation 0.45 0.38- 0.62 0.51 0.41- 0.60 0.89 (0.00) 91.5% 84 86
Respiratory rate 2.02 1-4.79 1.58 1.04-2.41 0.79 (0.00) 21 97 40
LDH 1.01 0.99- 1.02 1.01 1-1.01 0.82 (0.00) 461 mg/dl 70 89
AST 1.12 0.99- 1.26 1.05 1-1.11 0.80 (0.00) 44.5 mg/dl 76 70
ALT 0.98 0.94-1.01 - - - - - -
Total bilirubin 2.85 1.21-6.5 4.48 251-6.12 0.92 (0.00) 1.3 mg/dl 85 100
Sulfonylurea group
02 saturation 0.80 0.60- 1.07 0.75 0.59- 0.94 0.84 (0.00) 91.5% 93 75
LDH 1 0.99- 1.02 1 1-1.01 93 (0.00) 493 mg/dl 84 79
BUN 1.02 0.93-1.12 - - - - - -
CRP 1.02 0.99 -1.04 - - - - - -
Total bilirubin 0.6 0.1-3.22 - - - - - -
AST 0.98 0.87-1.09 - - - - - -
Total
02 saturation 0.88 0.78-1 0.84 0.73-0.97 0.78 (0.00) 91.5% 90 63
Respiratory rate 1.23 1.02-15 1.22 1.02-1.46 0.66 (0.00) 20 70 60
LDH 1 - 1.01 - - - - - -
BUN 1.03 0.41- 1.56 - - - - - -
Creatinine 0.62 0.45-2.21 - - - - - -
AST 1.01 0.98-1.04 - - - - - -
ALT 1.01 0.99- 1.03 - - - - - -
CRP 1 0.99-1.01 - - - - - -
Total bilirubin 1.97 1.15- 2.26 2.00 1.2-3.49 0.70 (0.00) 1 mg/di 60 68

The adjusted OR, crude OR, 95% CI, AUC, cut off, specificity and sensitivity are shown. P < 0.05 was considered as statistically significant.
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Table 4. Comparison of clinical characteristics and laboratory parameters between death and discharged patients with COVID-19 in metformin group/no
metformin group, insulin group/no insulin group and sulfonylurea group/no sulfonylurea group

Metformin group (n=100)

Insulin group (n=46)

43

Sulfonylurea group (n=68)

Diz:}:z;g);ed — P-value Dizz:jgtijed Dead (n=6) Di(snc:fgg)ed Dead (n=4)
Age (vears) 58.40+114 | 61.58+3.75 034 | 6043+193 | 585+585 072 | 59.7+1.29 62+5.9 0.67
Body temperature (°C) | 37.04+008 | 37.13%0.11 0.7 36944008 | 3605+124 | 01 | 37.01£0.06 | 37.25+0.33 | 037
systolic blood pressure | 1) o 1606 | 11752041 | 026 | 12924044 13+1.12 095 | 1259+032 | 11.2+04 0.23
(%10 mmHg)
diasm('iig';‘:::;)e ssure 7.36 +0.11 7.16+0.27 0.1 7.75+0.26 7+026 027 | 745+014 | 6.7+047 0.24
pulse rate (BPM) 8482+154 | 9133+696 | 008 | 8830218 | 8333+489 | 091 | 8613+198 | 941805 | 027
Respiratory rate (BPM) | 19.47+025 | 19.5+0.66 0.96 19.30+04 | 2083+116 | 018 | 19.67+039 | 2075+11 05
02 saturation (%) 94.5 + 0.4 8458+47 | >000 | 9358+065 | 85.83+256 | >000 | 9402+055 | 85+348 | >0.00
Blood sugar (mg/dI) 187.7+928 | 2154+345 | 031 | 2254+1951 | 226+2444 | 095 | 210.95+124 | 202.25+601 | 0.86
LDH (Unit/l 41506+21.93 | 821+9837 | >000 | 440.23+26.75 | 704.67+91.86 | >000 | 418+2627 | 968+213 | >0.00
BUN (mg/dl) 2096+ 135 | 4525+901 | >000 | 345+34 4716495 0.9 | 2042+155 | 4625+10.4 | >0.00
Creatinine (mg/dI) 1.16+0.29 1.6340.29 0.01 154012 | 171+0.25 0.7 115+008 | 132+027 0.1
AST (Unit/l) 341+276 | 5817+102 | 001 | 49.98+6.26 | 4533+862 | 078 | 33414339 | 495458 0.24
ALT (Unit/l) 32204261 | 3683+626 | 0.12 5485+7.4 | 125+1449 | 002 | 30.11+297 | 38+584 0.51
ALP (Unit/l) 208.25+1056 | 198.33+3041 | 074 | 23435+1532 3351'36?261 0.01 Zi%iii 187.5+31.48 | 070
Total bilirubin (mg/d) 111401 134+0.17 0.4 1,07+ 0.09 236+041 | >000 | 1.09+009 | 1.88+061 | 0.29
Na (meg/l) 133.78 + 3.4 136.33+ 1 009 | 133.88+082 | 13583+168 | 051 | 13350+058 | 1365+19 | 022
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K (meg/l) 418+0.5 437+041 0.3 4.25 +0.07 417 +0.16 0.93 4.16 +0.05 3.97+0.3 0.43
Mg (mg/dl) 2.08 +0.04 23%0.13 0.11 2.24 +0.07 2.26+0.21 0.33 22%0.2 2+0.13 0.62
Ca (mg/dl) 8.67 +.01 8.52+0.19 0.59 8.36 +0.24 8.76 +0.24 0.38 8.7+0.1 8.17+0.11 0.22

CRP (mg/dl) 86.88 + 7.07 156.47 +19.04 > 0.00 107.47 £ 145 75+25.6 0.41 96.57 £28.99 | 190.1 + 40.36 0.01
WBC (/mm3) 8356 + 451 10600 + 956 0.12 10485 + 761 12533 + 898 0.36 8959 + 684 12766 + 3484 0.24
RBC (/mm3) 4.25+0.08 434+0.2 0.7 4.35+0.12 3.85+0.3 0.15 4.30+0.09 418 +0.34 0.74
Platelets (x 10°%/L) 249.38 £ 0.61 234.83+21.3 0.67 251.1+20.11 | 290.83 +52.72 0.49 257.5+145 239 + 30.16 0.75
Hb (g/dI) 11.55+0.21 10.81 £ 0.77 0.25 11.87+0.3 12.28 £ 0.49 0.10 11.52 £ 0.23 12.42 £1.03 0.17
HCT (%) 34.65 £ 0.62 3547 +1.72 0.64 3454+0.8 32.7+1.53 0.42 35.63 + 0.69 33.77 £ 3.03 0.43
MCV (fl) 81.66 + 0.89 84.5+1.53 0.25 82.01+1.28 84.93 £ 3.03 0.41 82.06 + 1.08 77.72 0.36
MCH (pg) 26.7+0.38 28+0.7 0.1 26.71+£0.9 22.16 +34 0.09 26.82 +0.43 29+1.35 0.23
MCHC (g/dl) 32.39+11.25 32.83+0.61 0.41 32.62 +0.35 30.33+14 0.11 32.39+0.24 33+1.22 0.55

ESR (mm) 50.51+3.2 70.32 £9.32 0.05 63.6 £5.65 81.77 £11.08 0.26 51.27+3.7 68.75 = 21.15 0.27
PT (Second) 13.18 £ 0.22 13.9+0.31 0.88 13.59 £ 0.22 17.1+3.22 0.09 13.77£0.14 13.07 £ 0.29 0.57
PTT (second) 34.91£0.55 36 £2.34 0.12 35.07 £1.22 3267221 0.37 32.53 £ 0.56 31.75+1.75 0.73

Data are expressed as mean+SD or number (%). P<0.05 was considered as statistically significant.
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Table 5. Simple linear logistic regressions and multiple linear logistic regression to predict death in
metformin group, insulin group, sulfonylurea group and total patients with COVID-19

Variable Ci;‘il‘f)e 95% Cl A‘ija ”t?;Ed 95% ClI (PAV(;E g Cutoff Spe(f,zi)‘:ity Se”(s‘oi/fj)" iy
Metformin group
satu?:tion 084 | 073-096 | 084 | 075-094 | 0.72(0.01) | 915% 85 67
LDH 1 0.99- 1 ; - i ] ] ]
BUN 151 | 1.06-1.71 1.56 1.08-1.69 | 0.86 (0.02) | 33 mg/d| 80 73
Creatinine 0.68 0.15-34 - - - - - ;
AST 101 | 0.97-1.04 : - i i ] ]
CRP 101 | 1-1.03 1.01 1103 | 0.78(000) | 127 81 60
mg/dl
ESR 1.01 0.98 1.04 - i i ] ]
Insulin group
Satu?aztion 053 | 025-113 | 074 | 057-0.96 | 0.86(0.00) | 91.5% 75 83
LDH 0.99 | 0.98-1.01 : - i ] ] ]
ALP 101 | 1.06-171 ; - i i ] ]
ALT 1 | 097-1.02 : - i ] ] ]
biﬁ‘rﬁ)’i | 1001 |151-1204| 685 25-7.8 | 0.90(0.00) | 1.4 mg/di 83 100
Sulfonylurea group
Satu?azﬁon 075 | 049-115 | 082 | 0.68-0.99 | 0.92(0.00) | 91.5% 85 100
LDH 1| 099-1.02 : - i i ] ]
BUN 105 | 0.92-1.20 : - i i ] ]
CRP 103 | 097-10.9 : - i i ] ]
biﬁ?ﬁ%'m 15 | 0.78-861 i ; i i ] ]
Total
Satu?azti oy | 088 | 079-098 | 088 | 0.80-0.96 | 0.77(0.00) | 915% 84 73
LDH 1 | 1- 1.005 : - i i ] ]
BUN 1.02 | 0.99-1.06 : - i i ] ]
Creatinine 0.75 0.45-2.21 - - - - - -
AST 097 | 0.94-1.01 : - i i ] ]
ALT 101 | 0.99-1.03 : - i ] ] ]
CRP 1 | 0.99-1.01 : - i ] ] ]
WBC 1 1-1.01 ; - i ] ] ]

The adjusted OR, crude OR, 95% CI, AUC, cut off, specificity and sensitivity are shown. P < 0.05 was considered as
statistically significant.
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Discussion

There is a strong association between diabetes and the mortality rate of COVID-19 (13, 14). It seems
that several disorders in diabetic patients, such as high expression of ACE2 receptors, chronic
inflammation, hypertension, and nephropathy exacerbate the pathological processes of COVID-19 (15).
In the present retrospective study, we suggested important predictors of death and critical form of
COVID-19 in diabetes patients taking different glucose-lowering medications. Our results revealed that
despite matching age, gender, comorbidities, and use of ARBs and/or ACE inhibitors, some baseline
characteristics differed significantly between the groups. The hospitalization length and the severity of
COVID-19 were higher in insulin-group compared to no insulin group. This result is consistent with the
result previously reported by Chen et al (12). They reported that insulin usage was associated with a
poor prognosis of COVID-19 in diabetic patients (12). Another study showed that insulin therapy of
diabetic patients after COVID-19 infection increased the mortality rate, induced systemic inflammation,
and aggravated injuries of vital organs (9). Therefore, they suggested that more attention is needed
regarding diabetic patients with COVID-19 infection who have previously used insulin (9). In the
present study, analysis of laboratory parameters in the insulin group showed high levels of BUN,
creatinine, ALT, ALP, WBC and ESR compared to the no insulin group. Because insulin is often used
as a last-line treatment for diabetic patients (16) and renal disorders, oxidative stress, and inflammation
are more common among them (5, 16).

Besides, the multiple organ dysfunction following COVID-19 infection (17) exacerbated
inflammation and increases the risk of renal disorders in patients using insulin. Furthermore, it has been
reported that renal disorders on admission day can increase the mortality rate of COVID-19 patients
(18). It also has been suggested that the high expression of ACE-2 receptors in urinary organs was
responsible for renal impairment (18). The ACE-2 receptor appears to be essential for the SARS-COV-
2 to enter the tissues [19]. Since diabetes leads to overexpression of ACE-2 receptor in renal tubules
(20), it seems that these patients are at higher risk of renal impairment and acute kidney disease after
being infected with COVID-19. Despite the higher levels of BUN and creatinine in the insulin group
compared to the no insulin group, they are not proper predictors for death and critical form of COVID-
19. Given that nephropathy is a common complication in diabetic patients using insulin (21), we did
not find significant differences between patients with critical and no critical conditions. However, the
level of serum total bilirubin was the best predictor for death and the critical form of COVID-19. A
previous study on COVID-19 patients revealed that a higher level of bilirubin increased the rate of
mortality and the severity of disease (22-24). We also indicated that total bilirubin is a proper predictor
for death and a critical form of COVID-19 in diabetic patients.

Evaluation of the clinical severity and hospitalization length in the metformin group showed that these
participants had a short hospital stay compared to the no metformin group. However, the severity of the
disease and the mortality rate were not different between the two groups. It has been reported that in-
hospital mortality was significantly lower in diabetic patients taking metformin compared to those who
had not used metformin (7). Cariou et al. showed that taking metformin is associated with a lower risk
of early death in diabetic patients with COVID-19 (11). It should be noted that metformin is the first-
line treatment for diabetes and probably represents the low stage of the disease with fewer comorbidities,
such as nephropathy (11). Therefore, we observed lower levels of BUN, creatinine, and blood sugar,
and WBC count in patients taking metformin compared to the no metformin group. Nevertheless, we
found that BUN and O; saturation were the main predictors for death and critical form of COVID-19 in
the metformin group. Given that nephropathy is less common in patients taking metformin (11), renal
injuries due to COVID-19 infection generate a significant difference between patients with critical and
no critical conditions.

Current Research in Medical Sciences, 2022; 6(2): 32-49


http://dx.doi.org/10.22088/crms.6.2.32
http://crms.mubabol.ac.ir/article-1-134-en.html

[ Downloaded from crms.mubabol.ac.ir on 2024-04-29 |

[ DOI: 10.22088/crms.6.2.32 ]

COVID-19 and different glucose-lowering drugs / Khafri S, et al 47

In the sulfonylurea group, no significant difference was found in clinical severity, hospitalization
length, and in-hospital death rate compared to the no sulfonylurea group. However, the levels of BUN
and ALT were lower in the sulfonylurea group. Furthermore, O, saturation was the only predictor for
death or critical form of COVID-19. Comparing patients with critical and no critical conditions, as well
as dead and alive individuals in all groups, indicated that O, saturation was the best parameter to predict
the severity of the disease. However, it must be acknowledged that the main limitation of the present
study was the small sample size and consequent small statistical power. Furthermore, due to the focus
on hospitalized patients, the less severe forms of the disease were not well considered. Another
limitation was the lack of access to some laboratory parameters, such as eGFR, D-dimer, pro-brain
Natriuretic Peptide (pro- BNP), and HbAlc that had not been measured in a large number of patients.

Conclusion

In conclusion, it seems that the outcomes of renal function test and serum total bilirubin along with
O saturation on admission day are important parameters to predict COVID-19 severity and the fate of
the disease in diabetic patients using metformin and insulin. Therefore, our study suggested the essential
factors to help choose appropriate procedures for COVID-19 treatment in diabetic patients.

Acknowledgements
The authors acknowledge the support of research council of Babol University of Medical Sciences
(Grant No. 9911034).

Authors' Contributions

Sahar Rostami-Mansoor: Conceptualization, Supervision, Writing — Original draft Soraya Khafri:
Formal analysis, Validation, Editing Seyedeh Farzaneh Jalali: Investigation Faezeh Mohsenpoorc:
Investigation Hadi Parsiand: Validation, Editing Masoumeh Bayanie: Investigation.

Competing Interests
The authors declare no conflict of interest.

References

1. ZhuN, Zhang D, Wang W, Li X, Yang B, Song J, et al. A novel coronavirus from patients with pneumonia in China, 2019.
N Engl J Med. 2020; 382(8):727-33. https://doi.org/ 10.1056/NEJM0a2001017.

2. Giannouchos TV, Sussman RA, Mier JM, Poulas K, Farsalinos K. Characteristics and risk factors for COVID-19 diagnosis
and adverse outcomes in Mexico: an analysis of 89,756 laboratory—confirmed COVID-19 cases. Eur Res J. 2020; 57(3):
2002144. https://doi: 10.1183/13993003.02144-2020.

3. Stoian AP, Banerjee Y, Rizvi AA, Rizzo M. Diabetes and the COVID-19 pandemic: how insights from recent experience
might guide future management. Metab Syndr Relat Disord. 2020;18:173-5. https://doi.org/10.1089/met.2020.0037.

4. McGurnaghan SJ, Weir A, Bishop J, Kennedy S, Blackbourn LA, McAllister DA, et al. Risks of and risk factors for
COVID-19 disease in people with diabetes: a cohort study of the total population of Scotland. Lancet Diabetes Endocrinol.
2021;9:82-93. https://doi.org/10.1016/S2213-8587(20)30405-8.

5. Barron E, Bakhai C, Kar P, Weaver A, Bradley D, Ismail H, et al. Associations of type 1 and type 2 diabetes with COVID-
19-related mortality in England: a whole-population study. Lancet Diabetes Endocrinol. 2020;8(10):813-22.
https://doi.org/10.1016/S2213-8587(20)30272-2.

Current Research in Medical Sciences, 2022; 6(2): 32-49


http://dx.doi.org/10.22088/crms.6.2.32
http://crms.mubabol.ac.ir/article-1-134-en.html

[ Downloaded from crms.mubabol.ac.ir on 2024-04-29 |

[ DOI: 10.22088/crms.6.2.32 ]

48

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

COVID-19 and different glucose-lowering drugs / Khafri S, et al

Sachdeva S, Desai R, Gupta U, Prakash A, Jain A, Aggarwal A. Admission hyperglycemia in non-diabetics predicts
mortality and disease severity in COVID-19: a pooled analysis and meta-summary of literature. SN Compr Clin Med.
2020;2(11):2161-6. https://doi.org/10.1007/s42399-020-00575-8.

Luo P, Qiu L, Liu Y, Liu X-l, Zheng J-1, Xue H-y, et al. Metformin treatment was associated with decreased mortality in
COVID-19 patients with diabetes in a retrospective analysis. Am J Ttrop Med. 2020;103:69-72. https://doi:
10.4269/ajtmh.20-0375.

Kim MK, Jeon J-H, Kim S-W, Moon JS, Cho NH, Han E, et al. The clinical characteristics and outcomes of patients with
moderate-to-severe coronavirus disease 2019 infection and diabetes in Daegu, South Korea. Diabetes Metab J.
2020;44:602-13. https://doi.org/10.4093/dm;j.2020.0146.

Yu B, Li C, Sun Y, Wang DW. Insulin treatment is associated with increased mortality in patients with COVID-19 and
type 2 diabetes. Cell metab. 2021;33:65-77. e2. https://doi.org/10.1016/j.cmet.2020.11.014.

Singh AK, Singh R. Is metformin ahead in the race as a repurposed host-directed therapy for patients with diabetes and
COVID-197? Diabetes Res Clin Pract. 2020;165:108268. https://doi: 10.1016/j.diabres.2020.108268.

Cariou B, Hadjadj S, Wargny M, Pichelin M, Al-Salameh A, Allix I, et al. Phenotypic characteristics and prognosis of
inpatients with COVID-19 and diabetes: the CORONADO study. Diabetologia. 2020;63:1500-15.
https://doi.org/10.1007/s00125-020-05180-x.

Chen Y, Yang D, Cheng B, Chen J, Peng A, Yang C, et al. Clinical characteristics and outcomes of patients with diabetes
and COVID-19 in association with glucose-lowering medication. Diabetes care. 2020;43:1399-407.
https://doi.org/10.2337/dc20-0660.

Akbari A, Emami A, Javanmardi F, Pirbonyeh N, Fadakar N. Early epidemiological analysis of CoVID-19: first report
from South of Iran. Res Sq. 2020. https://doi.org/10.21203/rs.3.rs-19915/v1.

Pititto BAA, Ferreira SRG. Diabetes and covid-19: more than the sum of two morbidities. Rev Satde Pablica. 2020;54:54-
60. https://doi.org/10.11606/51518-8787.2020054002577.

Marhl M, Grubelnik V, Magdi¢ M, Markovi¢ R. Diabetes and metabolic syndrome as risk factors for COVID-19. Diabetes
Metab Syndr. 2020;14:671-7. https://doi.org/10.1016/j.dsx.2020.05.013.

Selvin E, Parrinello CM, Daya N, Bergenstal RM. Trends in insulin use and diabetes control in the US: 1988-1994 and
1999-2012. Diabetes Care. 2016;39:33-5. https://doi.org/10.2337/dc15-2229.

Dragon-Durey MA, Chen X, Kirilovsky A, Hamouda NB, Sissy C, Russick J, et al. Differential association between
inflammatory cytokines and multiorgan dysfunction in COVID-19 patients with obesity. PLoS One. 2020;16: e0252026..
https://doi.org/10.1371/journal.pone.0252026.

Wang T, Hu M, Chen X, Fu Y, Lei C, Dong H, et al. Caution on kidney dysfunctions of 2019-nCoV patients. MedRxiv.
2020. https://doi.org/10.1101/2020.02.08.20021212.

Thomson G. COVID-19: Social distancing, ACE 2 receptors, protease inhibitors and beyond? Int J Clin Pract. 2020; 74(7):
€13503: €13503 https://doi.org/10.1111/ijcp.13503

Ye M, Wysocki J, Naaz P, Salabat MR, LaPointe MS, Batlle D. Increased ACE 2 and decreased ACE protein in renal
tubules  from  diabetic  mice: a  renoprotective  combination? Hypertension. 2004;43:1120-5.
https://doi.org/10.1161/01.HYP.0000126192.27644.76.

Van Buren PN, Toto R. Hypertension in diabetic nephropathy: epidemiology, mechanisms, and management. Adv Chronic
Kidney Dis. 2011;18:28-41. https://doi.org/10.1053/j.ackd.2010.10.003.

Liu Z, LiJ, Long W, Zeng W, Gao R, Zeng G, et al. Bilirubin levels as potential indicators of disease severity in coronavirus
disease patients: a retrospective cohort study. Front Med. 2020;7:598870. https://doi.org/10.3389/fmed.2020.598870.

Current Research in Medical Sciences, 2022; 6(2): 32-49


http://dx.doi.org/10.22088/crms.6.2.32
http://crms.mubabol.ac.ir/article-1-134-en.html

[ Downloaded from crms.mubabol.ac.ir on 2024-04-29 |

[ DOI: 10.22088/crms.6.2.32 ]

COVID-19 and different glucose-lowering drugs / Khafri S, et al 49

23. Gong J, Ou J, Qiu X, Jie Y, Chen Y, Yuan L, et al. A tool for early prediction of severe coronavirus disease 2019 (COVID-
19): a multicenter study using the risk nomogram in Wuhan and Guangdong, China. Clin Infec Dis. 2020;71:833-40.
https://doi.org/10.1093/cid/ciaa443.

24. Wang F, Yang Y, Dong K, Yan Y, Zhang S, Ren H, et al. Clinical characteristics of 28 patients with diabetes and COVID-
19 in Wuhan, China. Endocr Pract. 2020;26:668-74. https://doi.org/10.4158/EP-2020-0108.

Current Research in Medical Sciences, 2022; 6(2): 32-49


http://dx.doi.org/10.22088/crms.6.2.32
http://crms.mubabol.ac.ir/article-1-134-en.html
http://www.tcpdf.org

