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Introduction: The coexistence of type 2 diabetes mellitus (T2DM) with coronavirus disease 2019 (COVID-19) poses 

a major global healthcare concern. Even though both have become signi�cant worldwide health issues, little is still 

known about how they interact in this region of the world. The purpose of this study is to examine the laboratory 

markers and clinical features of COVID-19-infected individuals with T2DM.

Methods:  The medical records of hospitalized T2DM patients with proven COVID-19 infection at the Prince 

Mohammed Bin Abdulaziz Hospital (PMAH) in Riyadh, Saudi Arabia, between March 15, 2020, and July 15, 2020, 

were examined in this single-center retrospective analysis. Laboratory, clinical, and demographic data were 

collected and examined. The relationships between di�erent demographic traits and T2DM with COVID-19 infection 

were evaluated using the Fisher Exact test, binary logistic regression, and odds ratio (OR). The quantitative factors 

between individuals with type 2 diabetes and those without the disease were compared using the Mann-Whitney 

U test. A P value of less than 0.05 was deemed signi�cant.

Results: About 142 (59.4%) of the 239 patients had type 2 diabetes, and they were substantially older (56 ± 

13.1; P < 0.001) than those without the disease. Among T2DM patients, cough (P = 0.02), tachypnea (P = 0.001), 

and dyspnea (P = 0.001) were signi�cant symptoms. Among T2DM patients, hypertension (P = 0.001) and 

hyperlipidemia (P = 0.001) were common comorbidities. Patients with type 2 diabetes had substantially higher 

levels of creatinine (P = 0.001), blood urea nitrogen (P = 0.004), LDH (P = 0.033), CRP (P = 0.001), and �brinogen 

(P = 0.001). Tachypnea (aOR = 3.46 (1.65-7.24) P = 0.001) and dyspnea (aOR = 3.25 (1.49-7.05) P = 0.001) 

demonstrated statistical signi�cance on binary logistic regression analysis. In both bivariate analysis and logistic 

regression, hypertension (aOR = 2.07 (1.03-4.14); P = 0.040) and dyslipidemia (aOR = 12.27 (2.63-57.20); P = 

0.001) maintained statistical signi�cance.

Conclusion: Signi�cantly higher laboratory and in�ammatory values are seen in T2DM with COVID-19, underscoring 

the signi�cance of targeted treatment approaches and resource allocation.

INTRODUCTION

Coronavirus disease 2019 (COVID-19), 
caused by the severe acute respiratory 
syndrome coronavirus-2 (SARS-
CoV-2), has emerged as one of the most 
signi�cant global public health crises of 
the 21st century.1 Since its declaration 
as a pandemic by the World Health 
Organization (WHO) in March 2020, 
COVID-19 has resulted in substantial 
morbidity and mortality worldwide.2 
Although the clinical spectrum of 
COVID-19 ranges from asymptomatic 

infection to severe respiratory failure and 
multi-organ dysfunction, disease severity 
is strongly in�uenced by underlying 
comorbid conditions.3

Among these, type 2 diabetes mellitus 
(T2DM) has consistently been identi�ed 
as one of the most important risk 
factors associated with poor outcomes 
in COVID-19 patients.4 �e T2DM is 
characterized by chronic hyperglycemia, 
insulin resistance, and a persistent 
low-grade in�ammatory state.5 �ese 
pathophysiological alterations contribute 

to immune system dysfunction, including 
impaired neutrophil chemotaxis, reduced 
T-cell response, and abnormal cytokine 
production. As a result, patients with 
T2DM are more susceptible to infections 
and o�en experience more severe disease 
progression.6

�e reciprocal link between COVID-19 
and T2DM has been explained by a number 
of processes. Hyperglycemia may weaken 
antiviral immune responses and promote 
viral multiplication.7 Additionally, SARS-
CoV-2 binds to angiotensin-converting 
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enzyme 2 (ACE2) receptors, which are 
expressed in multiple tissues, including 
the lungs, pancreas, kidneys, and vascular 
endothelium.8 COVID-19 severity may 
be further increased by endothelial 
dysfunction, a pro-thrombotic condition 
frequently observed in diabetes, and 
dysregulation of the renin-angiotensin-
aldosterone system (RAAS). �e 
exaggerated in�ammatory response, o�en 
described as a “cytokine storm,” is also 
more pronounced in diabetic individuals, 
potentially leading to acute respiratory 
distress syndrome (ARDS), multi-organ 
failure, and increased mortality.9

�e Kingdom of Saudi Arabia (KSA) 
is a crucial location for researching 
the relationship between diabetes and 
COVID-19 since it has one of the highest 
prevalence rates of type 2 diabetes 
worldwide. Rapid urbanization, sedentary 
lifestyle patterns, and dietary transitions 
have contributed to the growing burden 
of metabolic disorders in the region. 
Managing patients with numerous 
comorbidities, such as diabetes and 
cardiovascular disease, was a major issue 
for KSA’s healthcare systems during the 
early stages of the COVID-19 epidemic. 
However, despite the high prevalence of 
T2DM, limited region-speci�c data exist 
describing the clinical characteristics, 
comorbidity patterns, and laboratory 
pro�les of hospitalized COVID-19 patients 
with diabetes in Saudi Arabia.10

Understanding these characteristics 
is essential for several reasons. First, 
early identi�cation of high-risk features 
can facilitate timely intervention and 
risk strati�cation. Second, laboratory 
markers re�ecting in�ammation, 
organ dysfunction, and coagulation 
abnormalities may help guide clinical 
decision-making and resource allocation. 
�ird, regional data are crucial, as disease 
patterns, genetic background, healthcare 
access, and comorbidity pro�les may di�er 
from those reported in Western or Asian 
populations.

�us, the purpose of this study was 
to examine and contrast the clinical 
presentation, laboratory in�ammatory 
markers, comorbidities, and demographic 
characteristics of hospitalized COVID-19 
patients with and without type 2 diabetes 
in a tertiary care hospital in Riyadh, 

Saudi Arabia. By identifying distinctive 
characteristics associated with T2DM in 
COVID-19, this study seeks to contribute 
to improved clinical management 
strategies and better outcomes for this 
high-risk population.

METHODS

Design and setting

�e medical records of T2DM patients 
with proven COVID-19 infection who 
were hospitalized at Prince Mohammed 
Bin Abdulaziz Hospital (PMAH) in 
Riyadh, Saudi Arabia, between March 15, 
2020, and July 15, 2020, were examined 
in this retrospective cross-sectional 
investigation.

Participants

�is study comprised the records of 
239 hospitalized patients who had 
a con�rmed COVID-19 infection. 
Children, pregnant women, and those 
with impaired mental capacity were 
not included. Because pregnancy 
is linked to distinct physiological, 
immunological, and metabolic changes 
that may independently a�ect COVID-19 
severity and laboratory markers, thereby 
complicating the relationship between 
T2DM and COVID-19 results, pregnant 
patients were excluded. Children were not 
included since their COVID-19 clinical 
course, immunological response, and 
illness presentation di�ered from those 
of adults. Because accurate symptom 
reporting (such as chest discomfort or 
shortness of breath) and clinical history 
documentation may be inconsistent in this 
population, patients with impaired mental 
ability were excluded. Furthermore, these 
individuals frequently have complicated 
co-occurring neurological disorders that 
might independently a�ect in�ammatory 
indicators and clinical outcomes, thus 
creating confounding. SARS-CoV-2 
infection was diagnosed using the criteria 
established by the Saudi Center for Disease 
Prevention and Control. Anti-diabetic 
medicine or recorded medical records 
served as the basis for the study’s de�nition 
of a diabetic patient. Additionally, a fasting 
glucose level of at least 7.0 mmol/L upon 
admission and a HbA1c value of at least 
6.5 were regarded as diagnostic of diabetes 
mellitus. Non-diabetics were de�ned as 

those without a history of diabetes, anti-
diabetic drug usage, HbA1c < 6.5, and 
fasting glucose < 7.0 mmol/L.11

Data collection

Demographic information, such as 
gender, age, and nationality, was collected. 
Shortness of breath (SoB), tachypnea, 
fever, cough, chest discomfort, blood 
pressure, heart rate (HR), respiratory rate 
(RR), oxygen saturation, length of stay, and 
admission to the intensive care unit (ICU) 
were among the clinical indicators noted. 
Along with test results on in�ammatory 
markers, including �brinogen, D-dimer, 
and C-reactive protein (CRP), information 
was also gathered on comorbidities like 
hypertension, dyslipidemia, congestive 
heart failure, and ischemic heart disease.

Data analysis

SPSS version 21.0 (IBM Corp., Chicago, 
IL, USA) was used to analyze the data. 
While continuous data were �rst evaluated 
for normality using the Shapiro-Wilk test 
and visual examination of histograms, 
categorical variables were summarized 
as frequencies and percentages. Non-
parametric statistical tests were used since 
the majority of continuous laboratory 
data showed a non-normal distribution. 
Because the Mann-Whitney U test is 
suitable for skewed data and does not 
presume a normal distribution, it was 
utilized to evaluate continuous variables 
between T2DM and non-diabetic groups. 
When anticipated cell counts were 
su�cient, the Chi-square test was used 
to evaluate correlations between T2DM 
status and clinical features for categorical 
variables. However, Fisher’s Exact test was 
employed when anticipated frequencies 
in contingency tables were less than �ve 
in more than 20% of cells, since it o�ers 
a more precise estimate for sparse data 
and small sample sizes. Bivariate logistic 
regression was used to compute crude 
odds ratios (COR) with 95% con�dence 
intervals (CI). To calculate adjusted 
odds ratios (AOR) while accounting for 
possible confounders, variables that were 
statistically signi�cant in bivariate analysis 
were included in a multivariable binary 
logistic regression model. Statistical 
signi�cance was de�ned as a two-tailed 
P-value of less than 0.05.
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RESULTS

Baseline demographic and clinical 

characteristics

About 142 (59.4%) of the 239 individuals 
examined had type 2 diabetes (Table 

1). Patients with type 2 diabetes were 
considerably older than those without the 
disease (56 ± 13.1 vs. 47 ± 15.2 years, P < 
0.001). In terms of clinical presentation, 
T2DM patients had substantially higher 
rates of cough (P = 0.020), tachypnea (P = 
0.001), and shortness of breath (P = 0.001). 
�ere were no statistically signi�cant 
di�erences between the groups in terms 
of fever or chest discomfort. In terms 
of comorbidities, T2DM patients had 
considerably higher rates of dyslipidemia 
(P = 0.001) and hypertension (P = 0.001). 
Furthermore, T2DM patients were more 
likely than non-diabetic patients to be 
admitted to the intensive care unit (P = 
0.002).

Laboratory and in�ammatory markers

Creatinine (P = 0.001), blood urea nitrogen 
(P = 0.004), lactate dehydrogenase (P = 
0.033), C-reactive protein (P = 0.001), 
and �brinogen (P = 0.001) were all 
considerably higher in T2DM patients. 
�e levels of total bilirubin, ALP, ALT, AST, 
and D-dimer did not di�er signi�cantly 
between the two groups. �ese results 
point to increased organ failure and 
systemic in�ammation in COVID-19-
a�ected diabetic individuals (Table 2).

Logistic regression analysis

�e crude and adjusted risk ratios for 
variables linked to type 2 diabetes in 
hospitalized COVID-19 patients are 
shown in Table 3. T2DM was shown 
to be substantially correlated with 
cough, tachypnea, shortness of breath, 
hypertension, and dyslipidemia in 
bivariate analysis. Nevertheless, tachypnea 
(aOR = 3.46; 95% CI: 1.65–7.24; P = 
0.001) and dyspnea (aOR = 3.25; 95% 
CI: 1.49–7.05; P = 0.003) continued to be 
independently related with multivariable 
logistic regression correction. A�er 
correction, the comorbidities dyslipidemia 
(aOR = 12.27; 95% CI: 2.63–57.20; P = 
0.001) and hypertension (aOR = 2.07; 95% 
CI: 1.03–4.14; P = 0.040) continued to be 
statistically signi�cant.

Table 1.	 Baseline characteristics of the research subjects

Characteristics
T2DM

P-value
No Yes

Gender

Male 85 116 0.218

Female 12 26

Age 47 ± 15.2 56 ± 13.1 <0.001b

Nationality

Non-Saudi 75 104 0.475

Saudi 22 38

Cough

Yes 70 120 0.020*

No 27 22

Fever

Yes 72 119 0.069

No 25 23

Tachypnea

Yes 32 107 0.001*

No 65 35

Chest pain

Yes 8 8 0.427

No 89 134

Shortness of breath

Yes 54 121 0.001*

No 43 21

Hypertension

Yes 22 67 0.001*

No 75 75

Chronic kidney disease

Yes 1 5 0.405a

No 96 137

Dyslipidaemia

Yes 2 45 0.001a

No 95 97

Bronchial asthma

Yes 12 11 0.234

No 85 131

Ischemic heart disease

Yes 3 10 0.250a

No 94 132

Congestive cardiac failure

Yes 1 6 0.246a

No 96 136

Intensive care unit admission

Yes 24 63 0.002*

No 73 79

Note: aFisher’s Exact Test; bMann-Whitney U test; *signi�cant (P<0.05)

DISCUSSION

�e global COVID-19 pandemic has 
challenged healthcare systems worldwide, 
with varying impacts on di�erent 
populations. Riyadh, Kingdom of Saudi 
Arabia (KSA), has faced substantial 

challenges in managing the pandemic due 
to its unique population demographics 
and the coexistence of other healthcare 
burdens, such as T2DM. In line with 
earlier research that found advanced 
age to be a risk factor for more severe 
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Table 2.	 Laboratory and in�ammatory marker results between T2DM and non-diabetic patients

Laboratory and in�ammatory 

marker
Category Number Mean rank U P value

Creatinine (µmol/l) Non-diabetic 91 92.08
7818.500 0.001*

T2DM 132 125.73

BUN (mmol/l) Non-diabetic 86 93.80
6940.500 0.004*

T2DM 131 118.98

Total Bilirubin (mg/dl) Non-diabetic 93 121.20
5747.500 0.242

T2DM 136 110.76

ALP (U/l) Non-diabetic 30 29.42
602.500 0.213

T2DM 34 35.22

ALT (U/l) Non-diabetic 91 120.15
5628.500 0.249

T2DM 136 109.89

LDH(U/l) Non-diabetic 75 77.72
4371.000 0.033*

T2DM 98 94.10

AST(U/l) Non-diabetic 84 96.33
5642.000 0.180

T2DM 121 107.63

CRP (mg/l) Non-diabetic 59 56.04
3242.500 0.001*

T2DM 81 81.03

D-Dimer (mg/l) Non-diabetic 74 78.45
4147.500 0.082

T2DM 97 91.76

Fibrinogen (mg/l) Non-diabetic 55 57.55
3214.500 0.001*

T2DM 88 81.03

Note: ALP: Alkaline phosphatase; ALT: Alanine transaminase; AST: Aspartate aminotransferase; BUN: Blood urea nitrogen; CRP: C-reactive protein; 
LDH: Lactate dehydrogenase; *signi�cant Mann-Whitney U test (P<0.05)

outcomes in COVID-19, especially in 
patients with comorbidities like diabetes, 
T2DM patients with COVID-19 were 
considerably older than their non-diabetic 
counterparts. �e severity of COVID-19 
in individuals with type 2 diabetes may be 
in�uenced by this factor.

Certain clinical signs, such cough, 
tachypnea, and dyspnea, were much more 
common in T2DM patients in our research. 
In this particular patient population, these 
symptoms might be early markers of the 
severity of the illness. Our �ndings align 
with existing literature, which suggests 
that individuals with diabetes may present 
with atypical or more severe symptoms 
during COVID-19 infection, potentially 
leading to poor disease prognosis and 
management.12–14 

Hypertension and dyslipidemia were 
commonly observed comorbidities in 
T2DM patients with COVID-19 in our 
study. Dyslipidemia is also common among 
individuals with diabetes, contributing to 
the elevated cardiovascular risk within this 

population.15 �ese �ndings are consistent 
with previous research, emphasizing the 
importance of recognizing and managing 
comorbid conditions in T2DM patients 
with COVID-19. �e interplay between 
diabetes, hypertension, and dyslipidemia 
may exacerbate the risk of severe outcomes 
in this group. �e �ndings suggest that the 
above-mentioned clinical symptoms and 
comorbidities should be closely monitored 
in T2DM patients with COVID-19. Early 
interventions and customized treatments 
for these patients may help mitigate the 
risk of severe outcomes.

Laboratory data revealed that several 
markers, including creatinine, BUN, LDH, 
CRP, and �brinogen, were signi�cantly 
higher in T2DM patients with COVID-19. 
�ese markers indicate increased levels 
of in�ammation and organ dysfunction, 
reinforcing the notion that COVID-19 
exacerbates the underlying in�ammatory 
state o�en seen in diabetes.16,17 Creatinine 
and BUN levels are indicators of renal 
function and can be elevated in patients 

with severe COVID-19. It is of particular 
concern in individuals with diabetes, as 
they are at an increased risk of kidney 
complications.18 Elevated LDH levels are 
associated with tissue damage, particularly 
lung involvement, and have been identi�ed 
as a prognostic marker in COVID-19.19 
Our �ndings suggest that T2DM patients 
may be more susceptible to lung injury 
during COVID-19. Similarly, CRP and 
�brinogen are well-established markers of 
in�ammation. �eir elevation in T2DM 
patients with COVID-19 highlights 
the systemic in�ammatory response in 
this group, which may contribute to the 
severity of the disease.14 Our �ndings 
underscore the signi�cance of monitoring 
these laboratory markers in T2DM 
patients with COVID-19. Early detection 
of elevated levels may prompt more 
aggressive management strategies, such as 
anti-in�ammatory treatments and closer 
observation for organ dysfunction.

�e higher severity of COVID-19 in 
individuals with T2DM may be explained 
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Table 3.	 Binary logistic analysis of baseline characteristics between T2DM and non-diabetic patients with COVID-19 

infection

Characteristics
T2DM COR

(95% CI)

AOR

(95% CI)
P value

No Yes

Gender

Males 85 116 0.62
(0.30-1.31)

0.63
(0.22-1.76)

0.382
Females 12 26

Nationality

Non-Saudi 75 104 0.80
(0.43-1.46)

1.07
(0.47-2.41)

0.861
Saudi 22 38

Cough

Yes 70 120 2.10
(1.11-3.97)

1.06
(0.46-2.39)

0.506
No 27 22

Fever

Yes 72 119 1.79
(0.94-3.39)

1.31
(0.52-2.45)

0.756

No 25 23

Tachypnea

Yes 32 107 6.20
(3.51-10.97)

3.46
(1.65-7.24)

0.001*
No 65 35

Chest pain

Yes 8 8 0.66
(0.24-1.83)

0.38
(0.94-1.56)

0.181
No 89 134

Shortness of breath

Yes 54 121 4.58
(2.48-8.46)

3.25
(1.49-7.05)

0.003*
No 43 21

Hypertension

Yes 22 67 3.04
(1.70-5.42)

2.07
(1.03-4.14)

0.040*
No 75 75

Chronic kidney disease

Yes 1 5 3.50
(0.40-30.46)

1.03
(0.82-13.05)

0.978
No 96 137

Dyslipidaemia

Yes 2 45 22.03
(5.19-93.41)

12.27
(2.63-57.20)

0.001*
No 95 97

Bronchial asthma

Yes 12 11 0.59
(0.25-1.40)

0.62
(0.20-1.89)

0.406
No 85 131

Ischemic heart disease

Yes 3 10 2.37
(0.63-8.85)

1.16
(0.12-10.51)

0.893
No 94 132

Congestive heart failure

Yes 1 6 4.23
(0.50-35.75)

1.63
(0.12-26.07)

0.730
No 96 136

Intensive care unit admission

Yes 24 63 2.42
(1.37-4.27)

0.76
(0.35-1.67)

0.50
No 73 79
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by a number of pathophysiological 
processes, in addition to the clinical 
relationships shown in our study. Chronic 
low-grade systemic in�ammation, insulin 
resistance, endothelial dysfunction, 
and compromised innate and adaptive 
immunological responses are the hallmarks 
of type 2 diabetes. A pro-in�ammatory 
and pro-thrombotic milieu is produced 
by these underlying abnormalities, which 
may intensify the host’s reaction to SARS-
CoV-2 infection.5

Chronic hyperglycemia reduces the 
body’s capacity to e�ciently eliminate 
viral infections by impairing neutrophil 
chemotaxis, phagocytosis, and 
complement activation.20 Tumor necrosis 
factor-alpha (TNF-α), interleukin-6 (IL-
6), and other in�ammatory mediators are 
among the dysregulated cytokines that are 
linked to type 2 diabetes. �is pre-existing 
in�ammatory environment may put 
diabetic individuals at risk for an excessive 
immune response, known as a “cytokine 
storm,” when infected with SARS-CoV-2, 
which can lead to ARDS and multi-organ 
failure.

Insulin resistance and hyperglycemia 
may also promote viral replication by 
increasing glucose availability, which 
can enhance viral entry and replication 
within host cells.21 Furthermore, SARS-
CoV-2 utilizes ACE2 receptors for 
cellular entry. ACE2 expression may 
be altered in individuals with diabetes, 
particularly those on RAAS inhibitors, 
potentially in�uencing disease severity. 
Endothelial dysfunction, commonly seen 
in T2DM, further contributes to vascular 
in�ammation, microvascular injury, and 
thrombotic complications, which are 
hallmark features of severe COVID-19.22

Another important consideration 
is the pro-coagulant state associated 
with T2DM. Elevated �brinogen and 
in�ammatory markers observed in 
our study support the presence of 
heightened coagulation and systemic 
in�ammation in diabetic patients.23 �is 
hypercoagulable state may increase the 
risk of thromboembolic events, worsening 
clinical outcomes. Collectively, these 
mechanisms suggest that T2DM not only 
increases susceptibility to infection but 
also enhances the severity of COVID-19 
through immune dysregulation, chronic 
in�ammation, endothelial injury, 

and metabolic dysfunction. �ese 
pathophysiological insights reinforce the 
importance of early identi�cation, close 
monitoring, and aggressive management 
strategies in this high-risk population.24

�e results of this study have a number 
of signi�cant rami�cations for clinical 
practice, especially in areas where T2DM 
is more prevalent. First, when diabetic 
individuals arrive with COVID-19, early 
respiratory evaluation should be given 
�rst priority. Even in the absence of 
overt hypoxia at presentation, symptoms 
like tachypnea and shortness of breath, 
which were independently linked to 
T2DM in our trial, should cause early 
clinical escalation and closer monitoring. 
Second, routine laboratory surveillance 
of in�ammatory and organ dysfunction 
markers, including CRP, �brinogen, 
LDH, creatinine, and BUN, may assist 
in identifying high-risk diabetic patients 
at an early stage. Serial monitoring of 
these parameters may support timely 
therapeutic decisions, including the 
initiation of anti-in�ammatory therapy, 
anticoagulation when indicated, and 
intensi�ed supportive care. �ird, strict 
glycemic control during hospitalization 
should be emphasized. Hyperglycemia 
has been associated with worse outcomes 
in COVID-19, even in non-diabetic 
individuals. �erefore, structured inpatient 
glycemic management protocols may help 
reduce in�ammatory burden and improve 
immune response in T2DM patients. 
Finally, integrated multidisciplinary care 
involving endocrinologists, infectious 
disease specialists, and critical care teams 
may improve risk strati�cation and 
individualized management strategies 
for diabetic patients with COVID-19. In 
healthcare systems with limited resources, 
identifying T2DM patients as a high-risk 
group may also guide prioritization of 
monitoring and resource allocation.

�ere are a number of limitations to 
this study that should be noted. First, 
because the retrospective approach relies 
on previously recorded medical data, 
it is intrinsically limited in its capacity 
to show a causal link and susceptible 
to information bias. Although hospital 
records were systematically reviewed, 
incomplete documentation or variability 
in clinical recording may have in�uenced 
the accuracy of some variables. Second, 

the results might not be entirely applicable 
to other parts of Saudi Arabia or to other 
healthcare environments because this was 
a single-center research carried out at a 
tertiary care hospital in Riyadh. Referral 
patterns and admission procedures 
unique to a particular hospital may be 
re�ected in the patient population. �ird, 
as the research only included hospitalized 
individuals, selection bias cannot be 
ruled out. It could restrict extrapolation 
to individuals with moderate or 
asymptomatic illness and overrepresent 
more severe COVID-19 infections. 
Furthermore, even a�er multivariable 
correction, residual confounding can 
still exist since several factors—like the 
length of diabetes, glycemic control prior 
to admission, medication usage, and 
socioeconomic determinants—were not 
thoroughly evaluated.

CONCLUSION

�is study demonstrates that hospitalized 
COVID-19 patients with T2DM exhibit 
distinct clinical and laboratory pro�les 
associated with greater disease severity. 
Older age, tachypnea, and shortness of 
breath were prominent clinical features, 
while hypertension and dyslipidaemia were 
signi�cantly more common in this group. 
Elevated markers of in�ammation and 
organ dysfunction, including creatinine, 
BUN, LDH, CRP, and �brinogen, further 
indicate an ampli�ed in�ammatory 
and metabolic response among diabetic 
patients. �ese �ndings underscore the 
need for early risk strati�cation of T2DM 
patients at hospital admission. Focused 
respiratory assessment and structured 
monitoring of in�ammatory and renal 
markers may enable timely clinical 
intervention. Integrating optimized 
glycemic management with vigilant 
surveillance for organ dysfunction could 
help mitigate complications and improve 
outcomes in this high-risk population, 
particularly in regions with a high 
prevalence of T2DM.

DISCLOSURES

Ethical Clearance

�e King Fahad Medical City Institutional 
Review Board (IRB) approved the study 
protocol (IRB No. 20-290C).

http://dx.doi.org/10.15562/ism.v9i1.155
http://doi.org/10.15562/bmj.v15i1.5859


73

ORIGINAL ARTICLE

Bali Medical Journal 2026; 15(1): 67-73 | doi: 10.15562/bmj.v15i1.5859

Con�ict of Interest

�e author declares no con�ict of interest.

Funding

�is study did not receive any outside 
support.

Author Contribution

ASA includes conceptualization, research 
design, data collection, data interpretation, 
article dra�ing, and critical revision. �e 
�nal document was authorized by the 
author, who also committed to taking full 
responsibility for the work.

Generative Arti�cial Intelligence 

Statement

To enhance language, grammar, and 
readability, the author employed arti�cial 
intelligence techniques. Following the use 
of these tools, the authors assumed full 
responsibility for the published article’s 
content and reviewed and modi�ed it as 
necessary.

REFERENCES

1. 	 Lai C-C, Shih T-P, Ko W-C, Tang H-J, Hsueh 

P-R. Severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) and coronavirus 

disease-2019 (COVID-19): �e epidemic 

and the challenges. Int J Antimicrob Agents. 

2020;55(3):105924. Available from: http://

dx.doi.org/10.1016/j.ijantimicag.2020.105924 

2. 	 Naveed N, Ahmad K, Majeed H, Qureshi K, 

Ahmad I, Awan MF, et al. �e Global Impact 

of COVID-19: A Comprehensive Analysis of Its 

E�ects on Various Aspects of Life. Toxicol Res 

(Camb). 2024;13(2):tfae045. Available from: 

http://dx.doi.org/10.1093/toxres/tfae045 

3. 	 Azer SA. COVID-19: pathophysiology, 

diagnosis, complications and investigational 

therapeutics. New Microbes New Infect. 

2020;37:100738. Available from: http://dx.doi.

org/10.1016/j.nmni.2020.100738 

4. 	 Fatoke B, Hui AL, Saqib M, Vashisth M, Aremu 

SO, Aremu DO, et al. Type 2 diabetes mellitus 

as a predictor of severe outcomes in COVID-19 

— a systematic review and meta-analyses. BMC 

Infect Dis. 2025;25(1):719. Available from: 

http://dx.doi.org/10.1186/s12879-025-11089-w 

5. 	 Galicia-Garcia U, Benito-Vicente A, Jebari 

S, Larrea-Sebal A, Siddiqi H, Uribe KB, et al. 

Pathophysiology of Type 2 Diabetes Mellitus. 

Int J Mol Sci. 2020;21(17):6275. Available from: 

http://dx.doi.org/10.3390/ijms21176275 

6. 	 �immappa PY, Vasishta S, Ganesh K, Nair 

AS, Joshi MB. Neutrophil (dys)function due 

to altered immuno-metabolic axis in type 2 

diabetes: implications in combating infections. 

Hum Cell. 2023;36(4):1265–82. Available from: 

http://dx.doi.org/10.1007/s13577-023-00905-7 

7. 	 Zhao X, Jiang L, Sun W, Tang S, Kang X, Gao 

Q, et al. Understanding the interplay between 

COVID-19 and diabetes: insights for the post-

pandemic era. Front Endocrinol (Lausanne). 

2025;16. Available from: http://dx.doi.

org/10.3389/fendo.2025.1599969 

8. 	 Bourgonje AR, Abdulle AE, Timens W, 

Hillebrands J, Navis GJ, Gordijn SJ, et al. 

Angiotensin‐converting enzyme 2 (ACE2), 

SARS‐CoV‐2 and the pathophysiology of 

coronavirus disease 2019 (COVID‐19). J 

Pathol. 2020;251(3):228–48. Available from: 

http://dx.doi.org/10.1002/path.5471 

9. 	 Roberts J, Pritchard AL, Treweeke AT, Rossi AG, 

Brace N, Cahill P, et al. Why Is COVID-19 More 

Severe in Patients With Diabetes? �e Role of 

Angiotensin-Converting Enzyme 2, Endothelial 

Dysfunction and the Immunoin�ammatory 

System. Front Cardiovasc Med. 2021;7:629933. 

Available from: http://dx.doi.org/10.3389/

fcvm.2020.629933 

10. 	 Robert AA, Al Saeed A, Al Dawish MA. 

COVID-19 among people with diabetes 

mellitus in Saudi Arabia: Current situation and 

new perspectives. Diabetes Metab Syndr Clin 

Res Rev. 2021;15(5):102231. Available from: 

http://dx.doi.org/10.1016/j.dsx.2021.102231 

11. 	 AlOtair HA, Sheshah E, AlJuaid MM, 

AlShaikh MK, AlNajjar FK, AlAshgar LM, et 

al. Prevalence, Risk Factors, and Outcome of 

Diabetic Patients Infected with COVID-19 in 

Saudi Arabia. J Nat Sci Med. 2022;5(2):137–43. 

Available from: http://dx.doi.org/10.4103/jnsm.

jnsm_36_21 

12. 	 Smati S, Tramunt B, Wargny M, Caussy C, 

Gaborit B, Vatier C, et al. Relationship between 

obesity and severe COVID‐19 outcomes in 

patients with type 2 diabetes: Results from the 

CORONADO study. Diabetes, Obes Metab. 

2020;23(2):391–403. Available from: http://

dx.doi.org/10.1111/dom.14228 

13. 	 Rajpal A, Rahimi L, Ismail‐Beigi F. Factors 

leading to high morbidity and mortality of 

COVID‐19 in patients with type 2 diabetes. J 

Diabetes. 2020;12(12):895–908. Available from: 

http://dx.doi.org/10.1111/1753-0407.13085 

14. 	 Lim S, Bae JH, Kwon H-S, Nauck MA. 

COVID-19 and diabetes mellitus: from 

pathophysiology to clinical management. Nat 

Rev Endocrinol. 2020;17(1):11–30. Available 

from: http://dx.doi.org/10.1038/s41574-020-

00435-4 

15. 	 Liang JJ, Liu J, Chen Y, Ye B, Li N, Wang X, 

et al. Characteristics of laboratory �ndings 

of COVID-19 patients with comorbid 

diabetes mellitus. Diabetes Res Clin Pract. 

2020;167:108351. Available from: http://dx.doi.

org/10.1016/j.diabres.2020.108351 

16. 	 Ghahramani S, Tabrizi R, Lankarani KB, 

Kashani SMA, Rezaei S, Zeidi N, et al. 

Laboratory features of severe vs. non-severe 

COVID-19 patients in Asian populations: a 

systematic review and meta-analysis. Eur J 

Med Res. 2020;25(1):30. Available from: http://

dx.doi.org/10.1186/s40001-020-00432-3 

17. 	 Conway J, Gould A, Westley R, Raju SA, 

Oklopcic A, Broadbent A, et al. Characteristics 

of patients with diabetes hospitalised for 

COVID-19 infection-a brief case series report. 

Diabetes Res Clin Pract. 2020;169:108460. 

Available from: http://dx.doi.org/10.1016/j.

diabres.2020.108460 

18. 	 Chen Y, Chen J, Gong X, Rong X, Ye D, Jin Y, 

et al. Clinical Characteristics and Outcomes 

of Type 2 Diabetes Patients Infected with 

COVID-19: A Retrospective Study. Engineering. 

2020;6(10):1170–7. Available from: http://

dx.doi.org/10.1016/j.eng.2020.05.017 

19. 	 Al-Kuraishy HM, Al-Gareeb AI, Alblihed M, 

Cruz-Martins N, Batiha GE-S. COVID-19 

and Risk of Acute Ischemic Stroke and 

Acute Lung Injury in Patients With Type II 

Diabetes Mellitus: �e Anti-in�ammatory 

Role of Metformin. Front Med. 2021;8:644295. 

Available from: http://dx.doi.org/10.3389/

fmed.2021.644295 

20. 	 Dowey R, Iqbal A, Heller SR, Sabroe I, Prince LR. 

A Bittersweet Response to Infection in Diabetes; 

Targeting Neutrophils to Modify In�ammation 

and Improve Host Immunity. Front Immunol. 

2021;12:678771. Available from: http://dx.doi.

org/10.3389/�mmu.2021.678771 

21. 	 Abbas U, Kumar H, Hussain N, Ahmed 

I, Laghari RN, Tanveer M, et al. Immune 

dysregulation in type 2 diabetes mellitus: 

Implications for tuberculosis, COVID-19, and 

HIV/AIDS. Infect Med. 2025;4(4):100211. 

Available from: http://dx.doi.org/10.1016/j.

imj.2025.100211 

22. 	 Shukla AK, Awasthi K, Usman K, Banerjee M. 

Role of renin-angiotensin system/angiotensin 

converting enzyme-2 mechanism and enhanced 

COVID-19 susceptibility in type 2 diabetes 

mellitus. World J Diabetes. 2024;15(4):606–22. 

Available from: http://dx.doi.org/10.4239/wjd.

v15.i4.606 

23. 	 Ciubotaru PG, Kohli A, Kundnani NR, Buzas R, 

Neagu MN, Preda M, et al. Type 2 Diabetes Is 

Associated with Increased Coagulation Activity 

in Patients with Atrial Fibrillation: A D-Dimer-

Based Analysis. Biomedicines. 2026;14(2):332. 

Available from: http://dx.doi.org/10.3390/

biomedicines14020332 

24. 	 Fang H, Wang Q. �e silent epidemic within 

the pandemic: pathophysiology and prediction 

of post-COVID-19 diabetes. J Transl Med. 

2026;24:266. Available from: http://dx.doi.

org/10.1186/s12967-026-07717-x 

http://dx.doi.org/10.15562/ism.v9i1.155
http://doi.org/10.15562/bmj.v15i1.5859
http://dx.doi.org/10.1016/j.ijantimicag.2020.105924
http://dx.doi.org/10.1016/j.ijantimicag.2020.105924
http://dx.doi.org/10.1093/toxres/tfae045
http://dx.doi.org/10.1016/j.nmni.2020.100738
http://dx.doi.org/10.1016/j.nmni.2020.100738
http://dx.doi.org/10.1186/s12879-025-11089-w
http://dx.doi.org/10.3390/ijms21176275
http://dx.doi.org/10.1007/s13577-023-00905-7
http://dx.doi.org/10.3389/fendo.2025.1599969
http://dx.doi.org/10.3389/fendo.2025.1599969
http://dx.doi.org/10.1002/path.5471
http://dx.doi.org/10.3389/fcvm.2020.629933
http://dx.doi.org/10.3389/fcvm.2020.629933
http://dx.doi.org/10.1016/j.dsx.2021.102231
http://dx.doi.org/10.4103/jnsm.jnsm_36_21
http://dx.doi.org/10.4103/jnsm.jnsm_36_21
http://dx.doi.org/10.1111/dom.14228
http://dx.doi.org/10.1111/dom.14228
http://dx.doi.org/10.1111/1753-0407.13085
http://dx.doi.org/10.1038/s41574-020-00435-4
http://dx.doi.org/10.1038/s41574-020-00435-4
http://dx.doi.org/10.1016/j.diabres.2020.108351
http://dx.doi.org/10.1016/j.diabres.2020.108351
http://dx.doi.org/10.1186/s40001-020-00432-3
http://dx.doi.org/10.1186/s40001-020-00432-3
http://dx.doi.org/10.1016/j.diabres.2020.108460
http://dx.doi.org/10.1016/j.diabres.2020.108460
http://dx.doi.org/10.1016/j.eng.2020.05.017
http://dx.doi.org/10.1016/j.eng.2020.05.017
http://dx.doi.org/10.3389/fmed.2021.644295
http://dx.doi.org/10.3389/fmed.2021.644295
http://dx.doi.org/10.3389/fimmu.2021.678771
http://dx.doi.org/10.3389/fimmu.2021.678771
http://dx.doi.org/10.1016/j.imj.2025.100211
http://dx.doi.org/10.1016/j.imj.2025.100211
http://dx.doi.org/10.4239/wjd.v15.i4.606
http://dx.doi.org/10.4239/wjd.v15.i4.606
http://dx.doi.org/10.3390/biomedicines14020332
http://dx.doi.org/10.3390/biomedicines14020332
http://dx.doi.org/10.1186/s12967-026-07717-x
http://dx.doi.org/10.1186/s12967-026-07717-x

