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Purpose: Diabetes mellitus (DM) has been reported to be associated with a worse outcome
of COVID-19 infection. The evidence is scarce in the Middle East and Saudi Arabia. We
aimed to evaluate the impact of diabetes mellitus and hyperglycemia in non-diabetic indivi-
duals on the severity and outcome of COVID-19 infection.

Methods: This is a retrospective observational study, which included patients with con-
firmed COVID-19 infection [RT-PCR positive for SARS-CoV2] who were admitted to King
Fahd Hospital of the University-Khobar-Eastern Province-Saudi Arabia from March to
September 2020. Baseline demographic data, laboratory investigations, and markers of the
severity of COVID-19 were analyzed. The collected data were categorized according to the
Saudi Arabian Ministry of Health COVID-19 infection severity criteria. Patients were
divided into three groups as follows: patients in Group 1 had pre-existing DM, patients in
Group 2 did not have DM but were documented to have hyperglycemia at presentation, and
patients in Group 3 were neither diabetics nor hyperglycemics at presentation and served as
the control group. The severity and outcome of the control group were compared with the
other two groups. The effect of risk factors on the severity and outcome of COVID-19
infection was studied in the DM group.

Results: A total of 414 patients were included (70.5% males and 29.5% females). The mean
age (SD) of patients was 52.3 (£15.5) years. Compared to the control group, pre-existing DM
was found to be significantly associated with severe (OR 3.61), critical disease (OR 4.32),
intensive care unit (ICU) admission (OR 2.0), and death (OR 2.0) from COVID-19 infection.
Hyperglycemia without known DM was also found to be associated with critical COVID-19
pneumonia (P 0.001), and had longer duration of hospitalization (P 0.014), higher ICU
admission, mechanical ventilation, and death from COVID-19 infection (P < 0.0001).
Conclusion: Diabetes mellitus and hyperglycemia at presentation, even in the absence of pre-
existing DM, are independent risk factors for disease severity and worse outcome of COVID-19
infection. These patients should be identified and managed accordingly. The COVID-19 vacci-
nation program should also target those populations to improve their outcomes.

Keywords: COVID-19 infection, diabetes mellitus, hyperglycemia, disease severity, disease
outcome, mortality

Introduction

Since the start of the Corona virus disease-2019 (COVID-19) in Wuhan, China, the
discase has spread rapidly to involve the whole world. It affected more than
264 million cases at the time of writing this paper. ' It has claimed more than
5 million lives worldwide, while new strains of the disease are still emerging.'
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Saudi Arabia reported 548,474 COVID-19 cases to the
World Health Organization with more than 8700 deaths
as of October 29th, 2021.> The spectrum of COVID-19
disease is highly variable. It ranges from mild disease in
80% of cases to critical disease in 5% of cases.® Studies
have shown that patients at high risk of severe COVID-19
infection or death have several characteristics, including
advanced age, male sex, and have underlying health con-
ditions, such as diabetes mellitus (DM), obesity and car-
diovascular disease.* Diabetes mellitus (DM) is recognised
as a risk factor for several infections.” Hyperglycaemia
might support viral proliferation in COVID-19 infection
via the production of mitochondrial reactive oxygen spe-
cies and activation of hypoxia-inducible factor 1a.°

Diabetes Mellitus was also found to be a common
comorbidity with COVID-19.”* Previous reports have
shown that 19-30% of COVID-19 patients have DM.”®
Furthermore, a growing body of evidence supports the
susceptibility to severe COVID-19 in diabetic patients. In
a study of 500 patients from Wuhan city, a severe disease
was found in 19% of diabetic patients.” This was also
illustrated in a study of 85 fatal cases where it was found
that 22% of patients had DM.'® Severe pneumonia caused
by COVID-19 infection predisposes diabetic patients to
a higher need for critical care and mechanical ventilation.
This was clearly demonstrated in an analysis carried out
by Zhu et al, who studied more than 7000 patients from 19
hospitals in Hubei province, China. They found that hav-
ing diabetes was associated with a higher rate of oxygen
inhalation, non-invasive and invasive ventilation.!' Similar
findings were reported in a meta-analysis of eight studies
where patients with COVID-19 who have DM had an
increased risk of intensive care unit (ICU) admission.'?

The mortality rate of COVID-19 ranges between 1.3%
and 2.7%.71%13:1% However, it could reach 15-49% in
critical cases.*'> In the same study by Zhu et al, the in-
hospital death rate during a 28-day follow-up period was
significantly higher in patients with pre-existing Type 2
diabetes mellitus (T2DM) relative to non-diabetic indivi-
duals (7.8% versus 2.7%, P 0.001)."° After controlling for
other confounders, the hazard ratio (HR) of all-cause mor-
tality was 1.70 (95% CI 1.29-2.24; P 0.001)."

Among the highly affected countries by DM, the
Kingdom of Saudi Arabia (KSA) is one of the most highly
affected ones. A recent meta-analysis showed that the
prevalence of DM in Saudi Arabia is 32.8% and it is
expected to increase exponentially.'® Therefore, the dia-
betic population constitutes a significant number of the

Saudi population who could be affected by COVID-19
infection. They should be recognised early and treated
accordingly including proper control of blood glucose
keeping in mind the effect of hyperglycemia on the sever-
ity and outcome of such infection for the reasons discussed
above. As a result, improving their outcome. There is
limited evidence in the Middle East and Gulf region
about such a fatal pandemic. The main objective of this
study is to evaluate the impact of diabetes mellitus and
hyperglycemia in non-diabetic individuals on the severity
and outcome of COVID-19 infection. We expect that the
results of this study will add to the scarce evidence from
this region regarding COVID-19 infection.

Materials and Methods

Data Collection

The study was approved by the institutional review board
of Imam Abdulrahman Bin Faisal University with an
of (IRB-2020-01-248). This is
a retrospective observational study, which included
patients with confirmed COVID-19 infection [RT-PCR
positive for SARS-CoV2] who were admitted to King
Fahd Hospital of the University-Khobar-Eastern Province-
Saudi Arabia during the period of March 1, 2020, to
September 30, 2020. Pregnant women and patients with

approval number

malignancy, human immune deficiency virus, and immune
deficiency syndromes were excluded due to the expected

17.18 5o as to avoid

worst outcomes in such populations,
their potential confounding effects. Four hundred and four-
teen patients were included in the study.

For the whole population, the following data was
collected: (1) Initial assessment [age, gender, nationality,
and comorbidities]. (2) Laboratory investigations at their
peak levels during hospitalization include: [complete
blood count, renal profile with electrolytes, lactate dehy-
drogenase (LDH), erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), D-dimer and ferritin] (3) Data
regarding severity of COVID-19 was collected based on
patients’ progress during hospitalization and was cate-
gorized based on the Saudi Arabian Ministry of health
(MOH) severity criteria'” as follows: A) Mild-moderate
disease if there is no pneumonia on the chest x-ray and
there is no need for oxygen. B) Severe disease mani-
fested by any of the following: respiratory rate >30/
minute, blood oxygen saturation <93% on room air,
partial pressure of oxygen/fraction of inspired oxygen
<300, or lung infiltrates >50% of the lung field within
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24-48 hours, C) Critical disease manifested by any of
the following: adult respiratory distress syndrome
(ARDS), sepsis, altered level of consciousness, multi-
organ failure, or cytokine storm syndrome if there is
ferritin >600 ug/L at presentation and LDH >250 or
elevated D-Dimer >1 mcg/mL." The outcome of the
COVID-19 disease was determined by the length of
hospitalization, ICU admission, mechanical ventilation,
and death of the patient.

Patients were divided into three groups: 1) Diabetes is
defined as having a glycosylated hemoglobin (HBA1C)
level of 6.5% or higher in the preceding three months. 2)
Hyperglycemic group defined as having an HBAIC less
than 6.5% and a random blood glucose (BG) level greater
than 140 mg/dl at presentation without a history of dia-
betes. This BG cut off was chosen since it is compatible
with the definition of inpatient hyperglycemia in many
guidelines.”>?' 3) Patients without DM or hyperglycemia,
who will be referred to as the control group in this paper.
Further data was collected regarding the DM group and
included type of diabetes, laboratory and/or point of care
glucose levels at presentation in addition to HBA1C.

Laboratory values, disease severity and outcome of
COVID-19 infection were compared between the control
and the other two groups. Further analysis had been car-
ried out for the group with DM to study the effect of age,
gender, type of diabetes, level of glucose and HBA1C on
the severity and outcome of COVID-19 infection.

Statistical Analysis

Data were analyzed utilizing IBM SPSS.22. All categori-
cal variables were presented as frequencies and percen-
tages, while all continuous data was presented as Median
and Interquartile range (IQR). Chi-square test or Fisher's
exact test was used to check the association between vari-
ables. Kruskal Wallis test was used to compare the med-
ians. Odds ratios (ORs) with their 95% confidence
intervals (CIs) were measured in a multivariate analysis.
Statistical significance was set at P < 0.05.

Results
Baseline Demographics and

Comorbidities

A total of 414 patients were included in this study. There
were 70.5% males and 29.5% females. Majority (57.5%)
were Saudis. The mean age (+SD) of patients was 52.3
(£15.5) years (range 18-93) years. Majority 47.6% were in

the age group between 41 and 60 years followed by age
61-80 years and age 2040 years represented by 25.6%
and 23.2%, respectively. 2.9% of patients were above the
age of 80 years. The most prevalent comorbidities were
hypertension 36.2%, cardiac disease 13.3%, chronic kid-
ney disease (CKD) 8%. Hematological and gastrointestinal
(GI) diseases were present in 5.1% and 2.4%, respectively.
Only 1.7% had rheumatological diseases.

There were 197 cases (47.6%) with DM, 36 cases
(8.7%) had hyperglycemia on presentation without pre-
existing DM, while 181 cases (43.7%) were non-diabetic
or hyperglycemic (control group). Out of 197 diabetic
cases, 191 (97%) had T2DM and only 6 (3%) had type 1
diabetes mellitus (T1DM). The severity of COVID-19
disease for the total population was categorized based on
Saudi Arabia MOH severity criteria.'” Out of 414 patients,
237 (57.2%) were critical cases, 94 (22.7%) were mild-
moderate and 83 (20%) were severe cases (Table 1).

Laboratory Investigations

Comparison of laboratory parameters between diabetic and
control groups is presented in (Table 2). We found that
white blood cell count (WBCs), neutrophils, blood urea
nitrogen (BUN), creatinine, potassium (K), LDH, ESR,
CRP and D-dimer levels were higher in the DM group
(P < 0.05). However, lymphocytes, sodium (Na), chloride
(C1) and carbon dioxide (CO2) levels were lower in DM
group (P < 0.05). Control group had higher ferritin level,
but it was statistically insignificant (P 0.092). Hemoglobin
and platelets counts were similar in both groups.

Association Between DM and Severity of
COVID-19 Infection

Diabetes Mellitus was present in 51.5% of severe cases
and 57.4% of critical cases (P < 0.0001). The comparison
of the severity of COVID-19 infection between diabetic
and control groups have shown that out of 197 cases with
DM, majority had critical disease (69.0%) and severe
disease (21.8%) while only 9.1% presented with mild-
moderate disease (P < 0.0001). Significantly higher num-
ber of diabetic patients had ARDS (P < 0.0001), sepsis (P
0.01), altered level of consciousness (P < 0.001), multi-
organ failure (P < 0.002), cytokine storm syndrome with
high ferritin and LDH (P 0.057) and high D-dimer (P <
0.0001). On the other hand, we found that a higher number
of patients in the control group had mild-moderate disease
criteria (P < 0.0001) (Table 3).
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Table | Baseline Characteristics

Frequency | Percentage

Gender Male 292 70.5

Female 122 29.5
Nationality Saudi 238 57.5

Non Saudi 176 42.5
Age Mean <20 3 0.7
(xSD) 52.3 2040 96 23.2
(x15.5) years 41-60 197 47.6

61-80 106 25.6

>80 12 29
Comorbidities Hypertension 150 36.2

Chronic Kidney 33 8

Disease

Cardiac disease 55 133

Hematologic 21 5.1

disease

Gastrointestinal 10 24

disease

Rheumatological 7 1.7

disease
Diabetes Status | Diabetic 197 47.6

Hyperglycemic 36 8.7

non-diabetic

Non-diabetic or 181 43.7

Hyperglycemic

(Control)
Type of Type | 6 3
Diabetes Type 2 191 97
Severity of Mild - Moderate 94 22.7
COVID-19 Severe 83 20

Critical 237 57.2

To study the effect of different risk factors on the severity
of COVID-19 infection, a univariate analysis was carried out
to evaluate the effect of age, gender, and co-morbidities
(Table 4). Critical and severe diseases had significantly
higher median age 56.5 and 52.0 years, respectively (P <
0.0001). Out of 237 critical cases, 62.3% were males (P
0.004). In addition, 43.5% had hypertension (P 0.001) and
12.2% had CKD (P 0.001). Cardiac disease, hematological
diseases, gastrointestinal (GI) diseases and rheumatological
diseases had no effect on the severity. In multivariate ana-
lysis, DM was found to be an independent risk factor for
both severe (OR 3.61) and critical (OR 4.32) COVID-19
infection. In addition, increasing age was found to be an
independent risk factor for both severe (OR 1.04) and cri-
tical (OR 1.05) COVID-19 infection. Male gender and CKD

were also both associated with critical diseases (OR 3.07 and
5.4), respectively (Table 4).

Association Between DM and Outcome
of COVID-19 Infection

The outcome of COVID-19 infection was compared
between diabetic and control group. We found that DM
was significantly associated with longer duration of hospi-
talization, higher need for ICU admission, mechanical
ventilation, and death rate (P < 0.0001) (Table 5).
Univariate analysis showed that DM was significantly
associated with ICU admission OR 2.04 (95% CI 1.3—
3.1, P 0.001), mechanical ventilation OR 1.7 (95% CI
1.1-2.7, P 0.017), and death OR 2.3 (95% CI 1.3-4.0,
P 0.004) (Table 6). On multivariate analysis, DM was
found to be an independent risk factor for ICU admission
OR 2.0 (95% CI 1.3-3.1; P 0.045) and death OR 2.0 (95%
CI 1.1-3.7; P 0.04). Multivariate analysis also showed that
age, male gender, GI, and rheumatologic diseases were
independent risk factors for ICU admission. Old age,
male gender and GI diseases were independent risk factors
for mechanical ventilation. Old age and GI diseases were
independent risk factors for death (Table 6).

Association Between Hyperglycemia
without Pre-Existing DM with Severity
and Outcome of COVID-19 Infection

We had 36 patients who presented with hyperglycemia with-
out a known diagnosis of DM. We studied the association of
hyperglycemia with the severity of COVID-19 infection,
and we found that out of 36 cases, 75% presented with
critical COVID-19 pneumonia (P 0.001). Hyperglycemia
was associated with ARDS, multi-organ failure and cytokine
storm syndrome (P < 0.05). In addition, we found that
hyperglycemic group had longer duration of hospitalization
(P 0.014), higher need for ICU admission, mechanical ven-
tilation, and death (P < 0.0001) (Table 7).

Effect of Possible Risk Factors on the

Severity and Outcome in Diabetic Group
Finally, we studied the effect of age, gender, type of
diabetes, level of HBA1C and BG levels on the severity
and outcome of COVID-19 infection. We found that male
gender tended to have a higher risk of critical presentation
(73.6%, P 0.08) and older age >50 years was associated
with a higher requirement for mechanical ventilation
(33.35%, P 0.032) (Table 8).
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Table 2 Comparison of Laboratory Data Between Diabetic and Control Groups

Normal Range Total Cohort Diabetic Group Control Group Median (IQR) | P-values
Median (IQR) Median (IQR)
WBC (4-11) k/ul 10 (5.4-16.3) 12 (7-18) 7.9 (5-22) <0.001
Hgb (12-16) g/dl 132 (11.8-14.4) 13 (12-14) 13.3 (12.5-14.9) 0.107
Platelets (140—450) k/ul 213 (158-267) 212 (152-264) 214 (161-269) 0.413
Neutrophils (2-7.5) k/ul 7.1 (3.5-11.9) 8.5 (4.5-12) 5.5 (2.9-11.7) 0.003
Lymphocytes (1-5) k/ul 1.2 (0.8-2) 1.15 (0.7-2) 1.4 (0.9-2) 0.033
BUN (7-26) mg/d| 13 (10-19) 16 (11-22) 12 (9-15) <0.001
Creatinine (0.6—1.3) mg/dl 0.93 (0.78-1.2) 1.04 (0.8-1.4) 0.92 (0.8-1.1) <0.001
Sodium (136-146) mEq/L 136 (133-138) 134 (132-137) 137 (134-139) <0.001
Potassium (3.5-5.1) mEq/L 4.1 (3.84.5) 4.3 (3.94.7) 4 (3.64.4) <0.001
Chloride (98-107) mEq/L 102 (98-105) 100 (98-104) 103 (100-106) <0.001
CO2 (20-31) mEq/L 22 (19.5-24) 21 (19-24) 22 (20-25) 0.006
LDH (81-234) U/L 434 (303-652) 455 (338-704) 402 (270-599) 0.002
ESR (0-20) mm/hour 54 (34-78) 65 (44-85) 45 (26-67) <0.001
CRP (0.1-0.5) mg/dl 10.6 (4.5-18.4) 11.4 (6.4-19.6) 9.6 (2.6-17) 0.004
D-dimer <0.5 ug/mL 1.08 (0.505-2.6) 1.35 (0.66-3.35) 0.77 (0.43—1.41) 0.001
Ferritin (21.81-274.66) ng/mL 582.1 (245.5-1251) 500 (221-1097.8) 619 (273-1469) 0.092

Abbreviations: IQR, interquartile range; WBC, white blood cell; Hgb, hemoglobin; BUN, blood urea nitrogen; CO2, carbon dioxide; LDH, lactate dehydrogenase; ESR,
erythrocyte sedimentation rate; CRP, C-reactive protein.

Table 3 Comparison of Severity of COVID-19 Infection Between Diabetic and Control Group

Severity of COVID-19 Diabetic Group Non Diabetic or Hyperglycemic P-value
Number=197 (Control Group) Number = 181

Severity | Mild - Moderate 18 (9.1%) 72 (39.8%) < 0.0001
Severe 43 (21.8%) 35 (19.3%)
Critical 136 (69%) 74 (40.9%)

Criteria Mild-Moderate
No pneumonia on chest x-ray 29 (14.7%) 70 (38.7%) <0.0001
No O2 requirement 33 (16.8%) 80 (44.2%) <0.0001

Severe
Respiratory rate>30/min 32 (16.2%) 27 (14.9%) 0.7
Oxygen saturation <93% on room air 56 (28.4%) 46 (25.4%) 0.5
PaO2/Fi02<300 I (0.5%) 1 (0.6%) 0.9
Lung infiltrates >50% of lung field 41 (20.8%) 28 (15.5%) 0.2
within 24-48 hours
Critical
Adult respiratory distress syndrome 62 (31.5%) 23 (12.7%) <0.0001
Sepsis 18 (9.1%) 5 (2.8%) 0.01
Altered level of consciousness 21 (10.7%) 4 (2.2%) 0.001
Multi organ failure 13 (6.6%) 1 (0.6%) 0.002
Cytokine Storm Syndrome: Ferritin>600ug/L 63 (32%) 42 (23.2%) 0.057
at presentation and LDH>250 U/L
Cytokine Storm Syndrome: D-Dimer > | mcg/mL 79 (40.1%) 38 (21%) <0.0001
Abbreviations: PaO2, partial pressure of oxygen; FiO2, fraction of inspired oxygen; LDH, lactate dehydrogenase.
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Table 5 Comparison of Outcomes Between Diabetic and Control Group
Outcome Variables Diabetic Group Number Non Diabetic or Hyperglycemic (Control Group) P-values
=197 Number = 181
Duration of hospitalization Mean 14.3 £12.7 10.2 £9.5 < 0.0001
+SD (days)
ICU Admission 84 (42.6%) 39 (21.5%) < 0.0001
Need for ventilation 58 (29.4%) 26 (14.4%) < 0.0001
Death 40 (20.3%) 10 (5.5%) < 0.0001
Discussion with severe-critical COVID-19 disease, had worse out-

In this study of 414 patients with COVID-19 infection,
we have found the following key findings: To begin, the
mean age of our population was 52.3 years, 70% were
males, 47.6% had DM, and the majority had severe-
critical COVID-19 disease. Second, diabetic patients had
higher inflammatory markers, worse kidney function, and
lower CO2 levels. Next, most diabetic patients presented

comes in terms of longer hospitalization, higher need for
ICU and death.

Moreover, multivariate analysis showed that DM was an

admission, mechanical ventilation,
independent risk factor for severe-critical COVID-19 dis-
ease, ICU admission and death. Interestingly, hyperglyce-
mia without pre-existing DM was associated with critical

COVID-19 pneumonia and worse outcome. In the DM

Table 6 Association Between Outcome Variables of COVID-19 Infection with Baseline Characteristics and Comorbidities;

a Univariate and Multivariate Analysis

Variable Univariate Analysis Multivariate Analysis
ICU Admission Mechanical Death ICU Admission Mechanical Death
Ventilation Ventilation
Age 1.01(0.94-1) 1.01(0.94-1) 1.01(0.94-1) 1.04 (1.02-1.05) 1.03 (1.01-1.05) 1.1 (1.03-1.08)
P=0.001 P=0.001 P=0.001 P<0.001 P<0.001 P<0.001
Males 1.5 (0.96-2.4) 1.5 (0.9-2.6) 1.5 (0.8-2.9) 1.9 (1.1-3.1) 1.9 (1.1-3.4) 2 (1-4)
P=0.08 P=0.13 P=0.2 P=0.015 P=0.03 P=0.06
Hypertension 1.7 (1.1-2.6) 1.9 (1.2-3) 1.8 (1.1-3.1) 1.5 (0.9-2.4) 1.6 (0.9-2.8) 1.5 (0.8-2.8)
P=0.013 P=0.005 P=0.3 P=0.9 P=0.6 P=0.7
Chronic kidney 1.3 (0.6-2.6) 1.6 (0.8-3.6) 1.6 (0.7-3.9) 0.8 (0.4-1.9) 1.1 (0.5-2.6) | (0.4-2.8)
disease P=0.5 P=0.2 P=0.2 P=0.6 P=0.8 P=0.99
Cardiac disease 1.2 (0.7-2.2) 1.6 (0.9-3) 1.7 (0.9-3.7) 0.8 (0.4-1.6) 1.2 (0.6-2.3) 1.3 (0.6-3)
P=0.5 P=0.1 P=0.2 P=0.2 P=0.9 P=0.9
Hematologic 0.19 (0.04-0.8) 0.15 (0.02—1.1) 0.3 (0.04-2) 0.2 (0-0.9) 0.2 (0-1.3) 0.4 (0-3.1)
disease P=0.014 P=0.3 P=0.2 P=0.09 P=0.2 P=0.6
Gastrointestinal 4.6 (1.1-18.3) 3.2 (0.9-11.4) 6.1 (1.7-21.7) 7.2 (1.7-31.1) 4.6 (1.2-17.8) 8.6 (2.2-33.6)
disease P=0.016 P=0.053 P=0.002 P=0.013 P=0.045 P=0.005
Rheumatological 2.6 (0.6-11.7) 2.4 (0.5-11) NA 5.9 (1-35) 4.1 (0.7-23.3) NA
disease P=0.2 P=0.2 P=0.028 P=0.08
Diabetes Mellitus 2.04 (1.3-3.1) 1.7 (1.1-2.7) 2.3 (1.34) 2 (1.3-3.1) 1.5 (0.9-2.5) 2 (1.1-3.7)
P=0.001 P=0.017 P=0.004 P=0.045 P=0.39 P=0.04
Note: Significant P values are shown in bold.
Abbreviation: NA, not applicable.
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Table 7 Comparison of Severity and Outcome of COVID-19 Disease Between Hyperglycemic and Control Group
Variable Hyperglycemic Non Diabetic Control Group P-values
Group Number = 36 Number = 181

Severity Mild-Moderate 4 (11.1%) 72 (39.8%) 0.001
Severe 5 (13.9%) 35 (19.3%)
Critical 27 (75%) 74 (40.9%)

Severity Mild-Moderate

Criteria
No pneumonia on chest x-ray 5 (13.9%) 70 (38.7%) 0.004
No Oxygen requirement 6 (16.7%) 80 (44.2%) 0.002

Severe
Respiratory rate>30/minute 6 (16.7%) 27 (14.9%) 0.8
Oxygen saturation <93% on room air 6 (16.7%) 46 (25.4%) 0.2
Pao2/Fio2<300 0 (0%) 1 (0.6%) 0.7
Lung infiltrates >50% of lung field within 2448 4 (11.1%) 28 (15.5%) 0.5
hours
Critical

Adult respiratory distress syndrome 13 (36.1%) 23 (12.7%) 0.001
Sepsis 2 (5.6%) 5 (2.8%) 0.4
Altered level of consciousness | (2.8%) 4 (2.2%) 0.8
Multi organ failure 3 (8.3%) 1 (0.6%) 0.002
Cytokine Storm: Ferritin>600ug/L at 20 (55.6%) 42 (23.2%) <0.0001
presentation and LDH>250 U/L
Cytokine Storm: D-Dimer > | mcg/mL 17 (47.2%) 38 (21%) 0.001

Outcome Hospital Stay Mean xSD (days) 16.3 +13.7 10.2 £9.5 0.014
ICU Admission 19 (52.8%) 39 (21.5%) <0.0001
Mechanical ventilation 16 (44.4%) 26 (14.4%) <0.0001
Death 12 (33.3%) 10 (5.5%) <0.0001

Abbreviations: PaO2, partial pressure of oxygen; FiO2, fraction of inspired oxygen; LDH, lactate dehydrogenase; ICU, intensive care unit.

group, male gender tended to have critical COVID-19
disease, and age >50 years was associated with a higher
risk of mechanical ventilation. Among other risk factors,
age was remarkably associated with severe-critical
COVID-19 disease, worse outcome, and death. Male
gender was associated with critical disease, ICU admis-
sion, and mechanical ventilation. CKD was associated
only with critical presentation. GI diseases were asso-
ciated with worse outcome.

A recent paper by Alguwaihes et al from Saudi Arabia
reported similar results to our findings with a median age
of 55 years, male gender in 68% of cases with DM in 68%
of COVID-19 cases.”” Similarly, almost half of our cohort
had either DM or hyperglycemia. Bode et al studied more
than 1000 COVID-19 patients from 88 United States hos-
pitals and found that 38.5% were having either diabetes by

AIC criteria or uncontrolled hyperglycemia.”* However,
data from other countries reported a much lower preva-
lence of 10—17%.%*° The higher prevalence in our study
and Alguwaihes et al paper can be explained by the high
prevalence of DM in KSA. This was reported in a recent
meta-analysis where prevalence of DM in KSA was
expected to reach 35.37% in 2020 and 45.36% in
the year 2030.'°

Most of our cohort presented with severe and critical
COVID-19 pneumonia. This is in contrast with the
expected severity pattern that most COVID-19 patients
present with mild-moderate disease and a minority pre-
sents with severe-critical disease.®> This can be explained
by the fact that our cohort is a hospital based rather than a
community based where mainly patients with severe-
critical disease are being admitted. These findings are
close to the data published by Wang et al who studied
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663 hospitalized COVID-19 patients who were admitted to
a university hospital in Wuhan and found that 60% of their
population had severe-critical disease.”’

Our study showed that inflammatory and severity-
related biomarkers (WBCs, neutrophils, LDH, ESR, CRP
and D-dimer) were higher in DM group (Table 3). In
addition, BUN and creatinine indicating renal function
were worse in DM group, meaning higher risk of acute
kidney injury. Moreover, CO2, which is an indirect mea-
sure of bicarbonate level in the serum, was statistically
lower in DM group, indicating higher risk of metabolic
acidosis. These results are in line with a previous study of
52 diabetic patients with COVID-19 where patients with
severe events had higher leucocyte, neutrophil counts,
ESR, CRP, procalcitonin and D-dimer with lower lympho-
cyte count. In addition, the same study found that cardiac
troponin I was an independent risk factor for severe events
in diabetic patients.”® Moreover, acute kidney injury was
reported to be a complication of critical COVID-19 by
Gupta et al.?” This supports our finding of worse kidney
function in the DM group, which can be explained by their
severe-critical presentation, as we will discuss further in
the paper.

The majority of our diabetic patients presented with
severe-critical disease in 21.8% and 69%, respectively
(P < 0.0001). We also found that 51.5% of severe and
57.4% of critical cases had DM (P < 0.0001). In addition,
our diabetic group had higher occurrence of ARDS, sepsis,
altered level of consciousness, multi-organ failure, cyto-
kine storm syndrome (P < 0.05). Moreover, multivariate
analysis showed that DM is an independent risk factor for
both severe and critical COVID-19 disease. Our findings
correlate with previous evidence that found an association
of DM with a higher risk of severe pneumonia in 16—
40%.2%*® They were also found in the literature to have
a greater occurrence of ARDS, acute heart injury, acute
kidney injury, septic shock, and disseminated intravascular
coagulation.'" McGurnagha et al reported that DM was
associated with an OR of 1.395 for fatal or critical care
unit treated COVID-19.?° Similar evidence was reported
in a meta-analysis of 16,000 patients, where DM was
found to be associated with severe COVID-19 with OR
of 2.75.%°

Our study shows that DM is associated with a worse
outcome (Table 5). Multivariate analysis confirmed that
DM is an independent risk factor for ICU admission and
death (Table 6). Previous evidence showed that DM was
associated with 5.0% risk of ICU admission, 2.3% risk of

invasive mechanical ventilation and 1.4% risk of death.?®
In a study of 123 diabetic patients with COVID-19 infec-
tion, patients with DM required more non-invasive and
invasive mechanical ventilation compared to patients with-
out diabetes.’! Bode et al reported a longer median length
of stay in 184 patients with DM and/or uncontrolled
hyperglycemia compared to 386 patients without diabetes
or hyperglycemia.”® Previous studies reported a mortality
rate of around 17-20% in diabetic patients with COVID-
19 infection®*?**'32 which is similar to our finding of
20% mortality rate. In the same study by Bode et al, DM
was found to be associated with more than fourfold
increase in mortality.”> Comparing those numbers with
the reported outcome of COVID-19 infection in the gen-

%19 it becomes obvious that DM is asso-

eral population,
ciated with worse outcomes and mortality.

Interestingly, we found that hyperglycemia without
pre-existing diabetes is associated with a higher risk of
critical presentation in 75% (P 0.001) with worse outcome
in terms of longer hospitalization (P 0.014), higher risk of
ICU admission, mechanical ventilation, and death (P <
0.0001). Similarly, Cai et al looked at a hyperglycemic
group of patients without pre-existing DM and reported
that hyperglycemia is associated with a higher risk of
ARDS and acute respiratory failure.>' In addition, other
complications like acute kidney injury, acute heart failure,
electrolyte disturbance and hypoproteinemia were higher
among hyperglycemic group.”’” Zhang et al reported an
association of hyperglycemia without DM with a higher
risk of critical care admission, mechanical ventilation, and
death.”> Moreover, mortality rate of COVID-19 was
reported to be worse in patients with higher fasting blood
glucose even when it is in the normal range (P 0.003).*

Multiple mechanisms were postulated to explain the
worst outcome in diabetic or hyperglycemic patients with
COVID-19 infection. First, high markers of inflammation
such as CRP and D-dimer are strongly associated with
critical COVID-19 infection and mortality.** Diabetic
patients were found to have higher levels of these
markers*® indicating their higher risk of critical presenta-
tion and worse outcome. Second, COVID-19 disease has
been associated with risk of thrombosis and abnormal

35

coagulation pattern.” Non-survivors have significantly

higher D-dimer,*~> fibrin degradation product levels,

longer prothrombin and activated partial thromboplastin

35

time.”> DM causes thrombosis since it predisposes to

prothrombotic state secondary to endothelial dysfunction,

coagulative activation and platelet hyperreactivity
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mediated by hyperglycemia, insulin resistance, inflamma-
tion and oxidative stress.>® Next, SARS-CoV-2 can cause
B cell damage which could lead to a new onset diabetes or
sustained in-hospital hyperglycemia.?’ In addition, it could
precipitate acute hyperglycemic crisis in the form of dia-
betic ketoacidosis or hyperglycemic hyperosmolar state.*’
Lastly, obesity is a very common comorbidity with DM.®
Many reports have shown a more severe COVID-19 ill-
ness and death in association with obesity even at young
age.”’

Studying the effect of possible risk factors in DM group
on the severity and outcome of COVID-19 infection, we
found that only male gender tended to have a higher risk of
critical presentation and older age >50 years was associated
with a higher risk of mechanical ventilation. However,
neither the type of diabetes nor the level of control reflected
by BG or HBAIC affected the severity or outcome of
COVID-19 disease. However, we only had 7 cases of
T1DM patients, which makes the conclusion regarding type
of diabetes difficult in our study. In a multicentre study of 950
diabetic patients, the well-controlled glucose group had
lower in-hospital complications and mortality as compared
to individuals with poorly controlled BG level.'' However, in
another study of 117 patients with T2DM and COVID-19,
clinical outcomes and chest CT severity scores were similar
between patients with well controlled and poorly controlled
DM.*? Furthermore, a large comparative study showed that
even diabetic patients with optimal control had an elevated
risk of serious infection as compared to patients without
diabetes, and the risks rose with increasing HBA1C and
with TIDM especially with poor control.*” Therefore, most
of the evidence supports our findings that having diabetes or
hyperglycemia at presentation even without history of DM
are considered by themselves risk factor for worse outcome
regardless of the control of diabetes. However, some studies
showed that patients with poor control did worse than well-
controlled ones, which was not found in our study.

Looking into other risk factors of severe COVID-19
disease, our multivariate analysis showed that increasing
age was an independent risk factor for severe COVID-19
disease, worse outcome, and mortality. Male gender was
associated with critical disease, ICU admission and
mechanical ventilation. CKD was associated only with
critical presentation, and GI diseases were associated
with worse outcome. Previously published data similarly
showed that patients with severe pneumonia were older in
age.* Moreover, male patients were reported to have
almost three times the odds of requiring intensive

treatment unit admission and higher odds of death com-
pared to females in a recent meta-analysis.*' Our findings
are also comparable to previous evidence regarding CKD.
In a meta-analysis of 4350 patients, CKD patients had
a significantly increased risk of severe disease as com-
pared to non-CKD patients with OR of 2.15.42

Conclusion

Diabetes Mellitus is an independent risk factor for
severe-critical COVID-19 disease, ICU admission and
mortality. In addition, hyperglycaemia on presentation,
even in the absence of pre-existing DM, worsens the
of COVID-19
Therefore, glucose testing, and glycemic control are cru-

severity and  outcome infection.
cial for all COVID-19 patients, even those without pre-
existing DM. Further studies to understand the exact
pathogenesis of such findings are required to improve
diabetic patients’ outcome. The COVID-19 vaccination
program should target such patients to prevent severe

disease and lower mortality.
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