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Abstract

Background

COVID-19 infection in patients with type 2 diabetes mellitus (T2DM) -a chronic illness in Leb-
anon—is not well described.

Methods

This was a single-centre retrospective observational study of 491 patients, including 152
patients with T2DM, who were hospitalised for COVID-19 between 20 August 2020 and 21
April 2021. Data on clinical characteristics, laboratory and radiological findings and out-
comes were collected from the electronic medical records. Clinical characteristics and in-
hospital mortality between patients with and without T2DM infected with COVID-19 using
multivariate analysis were compared.

Results

Patients with T2DM were significantly older than those without T2DM (mean age, 68.7 vs.
60.3 years). Patients with T2DM were more likely to present with a body temperature of
<38.3°C (83.9% vs. 69.9%) and less likely to present with chest pain (3.9% vs. 9.1%) and
sore throat (2.0% vs. 6.8%). Patients with T2DM were more likely to be hypertensive
(76.35% vs. 41%) and dyslipidaemic (58.6% vs. 25.7%) and had more frequent underlying
coronary artery disease (33.6% vs. 12.4%). The rates of patients with creatinine levels of
>1.17 mg/L and troponin T levels of >4 ng/dL were higher in the T2DM group than in the
non-T2DM group (30.4% vs. 15% and 93.3% vs. 83.1%, respectively). Patients with T2DM
were more likely to be admitted to the intensive care unit (ICU) (34.2% vs. 22.1%), require
invasive ventilation (18.4% vs. 10.3%) and receive vasopressors (16.4% vs. 10.0%).
Increasing age and the use of invasive ventilation and vasopressors were associated with
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higher odds of mortality (odds ratio (OR), 1.08, 9.95 and 19.83, respectively), whereas lon-
ger ICU stay was associated with lower odds of mortality (OR, 0.38). The odds of mortality
were lower in the T2DM group than in the non-T2DM group (OR, 0.27).

Conclusion

Among patients hospitalised for COVID-19, those with T2DM were older, presented with
milder symptoms and had more comorbidities and higher troponin T levels compared with
those without T2DM. Despite the worse clinical course, the patients with T2DM had lower
odds of mortality than those without T2DM.

Introduction

The coronavirus disease 2019 (COVID-19) pandemic has ravaged the world, affecting over
561 million people worldwide and leading to over 6.35 million deaths to date [1]. COVID-19
not only has gravely threatened the global health but also has led to the collapse of many econ-
omies, with an estimated cost of 16 trillion US dollars worldwide [2].

COVID-19 ranges from mild self-limiting illness to pneumonia, respiratory failure and
death. Since the start of the COVID-19 pandemic, a plethora of studies have investigated the
pathogenesis, virulence and mode of transmission of the severe acute respiratory syndrome
(SARS) coronavirus 2 (SARS-CoV-2) as well as the manifestations of COVID-19 in different
patient populations. Most studies to date have demonstrated that the clinical COVID-19 out-
comes are worse in patients with certain comorbidities such as hypertension, type 2 diabetes
mellitus (T2DM) and heart disease [3]. Importantly, in past respiratory disease outbreaks such
as severe acute respiratory syndrome (SARS) and the Middle East respiratory syndrome
(MERS), DM has been consistently shown to increase the risk of morbidity and mortality
related to acute infections due to suppressed innate and humoral immune function [4, p19].
Akbar et al. reported that glycated haemoglobin above 9% was associated with a 60% increase
in hospitalisation risk and pneumonia severity in patients with pneumonia [5]. During the
2002-2003 outbreak of SARS-CoV-1, high plasma glucose levels and T2DM were risk factors
for morbidity and mortality in patients with SARS [6]. Similarly, during the 2012 outbreak of
Middle East Respiratory Syndrome coronavirus, epidemiological studies demonstrated that
approximately 50% of the patient population had DM and that the odds ratio (OR) for severe/
critical Middle East Respiratory Syndrome coronavirus infection was between 7.2 and 15.7 in
patients with DM compared with the overall population [7].

Expectedly, with the progression of the COVID-19 pandemic, patients with T2DM have
been identified as one of the critical populations with worse COVID-19 outcomes. The major-
ity of studies to date provide ample evidence linking T2DM with increased risk of hospitalisa-
tion, metabolic emergencies, mechanical ventilation and intensive care unit (ICU) admission
following COVID-19 infection [8,9]. Additionally, T2DM has been shown to be strongly asso-
ciated with increased incidence and severity of COVID-19 [4,10]. Multiple studies categorise
T2DM as a risk factor for in-hospital mortality, in addition to other risk factors, primarily age
>50 years, male sex, immunosuppression and other comorbidities such as renal, lung and car-
diovascular diseases [11]. The impact of DM on certain parameters such as ICU admission
and disease severity has been investigated, but its effect on mortality and outcomes of hospital-
ised patients with COVID-19 remains contested. One French study that aimed to determine
whether T2DM negatively impacted death rates in COVID-19 patients reported that T2DM in
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fact did not impact mortality, although it was associated with higher ICU admission rate and
protracted hospital stay compared with that observed in patients without T2DM [12]. These
findings highlight the need for further investigation as the relationship between T2DM and
COVID-19 is an intricate, nuanced relationship complicated by multiple factors. Patients with
T2DM tend to be older than the general population and often present with comorbidities such
as hypertension, obesity, cardiovascular disease and renal disease, which can independently
change clinical outcomes and affect mortality rates in their own right.

Similar population-based studies examining the relationship between T2DM and COVID-
19 differ in ethnic background, genetics and disease prevalence, preventing the extrapolation
of data from one country to another [13]. An estimated 6.28% of the global population is
affected by T2DM [14]. In 2019, T2DM was the ninth leading cause of death worldwide, lead-
ing to over 1.5 million deaths directly caused by T2DM [15]. In Lebanon, the prevalence of
T2DM among adults is even higher, affecting 8.9% of the total population [16]. Therefore,
T2DM is a major comorbidity to consider in patients with COVID-19 in Lebanon. To date, no
study in Lebanon has examined the impact of COVID-19 on disease outcomes in patients with
T2DM. The present study aimed to uncover the prevalent comorbidities and the clinical
course and outcomes of COVID-19 following hospitalisation in patients with T2DM in com-
parison with those without T2DM.

Methods

This was a single-centre retrospectively observational chart review study of adult 491 patients
who were hospitalised for COVID-19 after confirming infection with RT-PCR in Lebanese
American University Medical Centre-Rizk Hospital between 20 August 20 2020 and 21 April
2021. Of note, the alpha and delta variants were the most common circulating SARS-CoV-2
strains during the study period. Patients aged younger than 18 years were excluded. In addi-
tion, patients who were admitted for less than 24 h were excluded because of the lack of data
detailing the disease course. Of the 491 patients in the study, 152 were previously diagnosed
with T2DM. Data were collected from the electronic medical records and included demo-
graphics (age, sex and smoking status), signs and symptoms at presentation (fever, chills,
cough, dyspnoea, desaturation, diarrhoea, abdominal pain, nausea, vomiting, myalgia, chest
pain and sore throat), comorbidities, length of hospitalisation, admission to ICU (at presenta-
tion or later during the hospital stay if needed), ICU length of stay, use of invasive ventilation
and vasopressors, radiological findings (chest X-ray and computed tomography [CT]), labora-
tory results, treatments (antiviral, corticosteroids, anticoagulation, vitamin C, zinc and antibi-
otics), plasma transfusion and outcome statuses being either in-hosptial mortality or
improvement and discharge.).

This study was reviewed and approved on April 2742020 by the Lebanese American Uni-
versity (LAU) Institutional Review Board (IRB) with the reference number LAUMCRH.
RH2.2/Apr/2020.

Ethical statement approval

All patient data was anonymized before access in this retrospective chart review. The LAU IRB
provided approval to access the patient records. Patients did not provide written informed
consent as per study design and IRB approval.

Statistical analysis

The Pearson chi-square test was used to compare patients with and without T2DM. The vari-
ables extracted from the medical charts included general patient characteristics, symptoms,
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medical history, laboratory results and clinical outcomes. Multivariate logistic regression anal-
ysis was used with the outcome of hospitalisation as the dependent variable, after removing
patients with unknown definitive outcomes such as transfer to other hospitals. All independent
variables with a p value of <0.20 with the dependent variable at the bivariate level were
included in the model. Coefficients and standard errors were exponentiated to calculate ORs
with 95% confidence intervals (Cls).Post hoc power analysis was performed (OR for a major
outcome, 0.27; alpha, 0.05; the proportion of outcome among exposure, 15%; the proportion
of T2DM, 30%; and R2 for all other covariates set between 40% and 30%), with our calculated
power is 83% and up to 88% confirming we have enough power for the multivariate logistic
regression. For all analyses, a p value of 0.05 was considered to indicate statistical significance.
All statistical analyses were conducted using SPSS.

Results

As shown in Table 1, patients previously diagnosed with T2DM comprised 31% (152 patients)
of the total study cohort of 491 patients. The mean age of the patients with T2DM was signifi-
cantly higher than that of the patients without T2DM (68.73 vs. 60.37 years, p < 0.001). Addi-
tionally, the percentage of patients with T2DM between 65 and 74 years of age was 32.9%,
equal to the percentage of patients with T2DM 75 years of age and older (32.9%). In compari-
son, 19.8% and 22.4% of the patients without T2DM were between 65 and 74 years of age and
75 years of age and older, respectively. In the overall cohort, the patients hospitalised for
COVID-19 were predominantly male. Moreover, 71.7% of the patients with T2DM were male,
compared with 67.6% male proportion in patients without T2DM, without a statistically signif-
icant difference. Finally, smoking status was not significantly different between the two
groups.

Table 2 shows the comparison of the signs and symptoms related to COVID-19 at admis-
sion. The rate of patients with a body temperature below 38.3°C was significantly higher in the
T2DM group than in the non-T2DM group (83.9% vs. 69.9%, p < 0.005). Significantly fewer
patients with T2DM reported chest pain and sore throat compared with those without T2DM
(3.9% vs. 9.1%, p = 0.044 and 2.0% vs. 6.8%, p = 0.028, respectively). The most common symp-
toms of the patients with T2DM were dyspnoea (65.8%), fever (64.5%), cough (42.1%) and

Table 1. Demographical characteristics of diabetic and non-diabetic patients admitted for COVID-19 infection.

Total Sample
Demographics
Age: mean * stdev
Age 17 to 44
Ages 45 to 64
Ages 65 to 74
Ages 75 and above
Sex
Males
Females
Smoking status
Never-smoker
Ex-smoker

Smoker

https://doi.org/10.1371/journal.pone.0287968.t001

Type 2 Diabetes No Type 2 Diabetes
N(%) N(%) p-value
152(31.0%) 339 (69.0%)
68.73(12.518) 60.37 (16.431%) 16.431
6(3.9%) 60 (17.7%) 17.7%
46(30.3%) 136 (40.1%) 40.1%
50(32.9%) 67 (19.8%) 19.8%
50(32.9%) 76 (22.4%) 22.4% <0.001
109(71.7%) 229 (67.6%) 67.6%
43(28.3%) 110 (32.4%) 32.4% 0.358
114(79.2%) 240 (75.2%) 75.2%
5(3.5%) 8 (2.5%) 2.5%
25(17.4%) 71 (22.3%) 22.3% 0.433
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Table 2. Signs and symptoms of diabetic and non-diabetic patients admitted for COVID-19 infection.

Type 2 Diabetes No Type 2 Diabetes
N(%) N(%) p-value

Chief Complaints
Fever 98 (64.5%) 64.5% 236 (69.6%) 69.6% 0.259
Temperature range 0.005

<38.3°C 125 (83.9%) 83.9% 235 (69.9%) 69.9%

38.3°C-39.3°C 20 (13.4%) 13.4% 86 (25.6%) 25.6%

>39.3°C 4(2.7%) 2.7% 15 (4.5%) 4.5%
Chills 41 (27.0%) 27.0% 83 (24.5%) 24.5% 0.557
Cough 64 (42.1%) 42.1% 166 (49.0%) 49.0% 0.159
Dyspnea 100 (65.8%) 65.8% 214 (63.1%) 63.1% 0.570
Desaturation 96 (63.2%) 63.2% 195 (57.5%) 57.5% 0.240
Diarrhea 29 (19.1%) 19.1% 72 (21.2%) 21.2% 0.584
Abdominal Pain 13 (8.6%) 8.6% 20 (5.9%) 5.9% 0.278
Nausea/Vomiting 14 (9.2%) 9.2% 30 (8.8%) 8.8% 0.897
Myalgia 49 (32.2%) 32.2% 99 (29.2%) 29.2% 0.498
Chest Pain 6 (3.9%) 3.9% 31(9.1%) 9.1% 0.044
Sore Throat 3 (2.0%) 2.0% 23 (6.8%) 6.8% 0.028

https://doi.org/10.1371/journal.pone.0287968.t002

myalgia (32.2%). No statistically significant differences in other clinical signs and symptoms,
including chills, cough, dyspnoea, myalgia and gastrointestinal symptoms were noted between
the two groups.

The rates of comorbid medical conditions were significantly higher in patients with T2DM
than in those without T2DM. Hypertension (76.35%), dyslipidaemia (58.6%) and coronary
artery disease (CAD) (33.6%) were the most common comorbidities reported among the
patients with T2DM (p < 0.001). The rates of other comorbidities, including heart failure,
obstructive lung disease, chronic kidney disease and cancer of any type, were not significantly
different between the two groups.

Chest X-ray and CT findings at admission were similar between the patients with and with-
out T2DM. Albeit not statistically significant, the rate of pleural effusion on CT scan was
higher in patients with T2DM than in those without T2DM (17.5% vs. 11.2%, p = 0.07).
Finally, the rates of Chest X-ray consolidation and ground glass opacities on CT scans were
comparable between the two groups.

As shown in Table 3, the comparison of the laboratory results at admission revealed no sig-
nificant differences in white blood cell count, neutrophil and lymphocyte percentages and C-
reactive protein, D-dimer, lactic acid and interleukin (IL)-6 levels between the patients with
and without T2DM. Nevertheless, the two groups exhibited significant differences in the levels
of creatinine and the cardiac enzymes troponin T and creatine kinase-MB. Specifically, 30.4%
and 15.0% of the patients with and without T2DM had creatinine levels equal to or greater
than 1.17 mg/L (p < 0.001), respectively. Furthermore, 93.3% and 83.1% of the patients with
and without T2DM had troponin T levels equal to or greater than 4 ng/dL (p = 0.004).

Table 4 summarises the comparison of length of hospitalisation, oxygen therapy, ICU
course, length of ICU stays and mortality rate between the patients with and without T2DM.
The length of hospitalisation and the rate of oxygen therapy were not significantly different
between the two groups. The patients with T2DM were more likely to be admitted to the ICU
(34.2%, p = 0.005), require invasive ventilation (18.4%, p = 0.013) and receive vasopressors
(16.4%, p = 0.043) compared with those without T2DM. However, the patients with T2DM
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Table 3. Laboratory findings of diabetic and non-diabetic patients admitted for COVID-19 infection.

Type 2 Diabetes No Type 2 Diabetes
N (%) N (%) p-value

Laboratory results
White Blood Cell count (in 10° cells/L)

<52 56 (37.1%) 37.1% 107 (31.8%) 31.8%

52-12.4 79 (52.3%) 52.3% 201 (59.8%) 59.8%

> 124 16 (10.6%) 10.6% 28 (8.3%) 8.3% 0.291
Neutrophil percentage (%)

<40% 5(3.3%) 3.3% 6(1.8%) 1.8%

40%- 74% 41 (27.2%) 27.2% 79 (23.5%) 23.5%

>74% 105 (69.5%) 69.5% 251 (74.7%) 74.7% 0.365
Lymphocyte percentage (%)

<19% 125 (82.8%) 82.8% 267 (79.5%) 79.5%

19%- 48% 25 (16.6%) 16.6% 63 (18.8%) 18.8%

>48% 1(0.7%) 0.7% 6 (1.8%) 1.8% 0.513
C-Reactive Protein levels (mg/L)

<0.7 9 (6.6%) 6.6% 13 (4.2%) 4.2%

>0.7 127 (93.4%) 93.4% 299 (95.8%) 95.8% 0.270
Creatinine levels (mg/L)

<1.17 103 (69.6%) 69.6% 284 (85.0%) 85.0%

>1.17 45 (30.4%) 30.4% 50 (15.0%) 15.0% <0.001
D-dimer levels (mcg/mL)

<0.5 33 (24.3%) 24.3% 77 (25.8%) 25.8%

>0.5 103 (75.7%) 75.7% 221 (74.2%) 74.2% 0.727
Troponin-T (ng/dL)

<4 9 (6.7%) 6.7% 46 (16.9%) 16.9%

>4 126 (93.3%) 93.3% 226 (83.1%) 83.1% 0.004
CK-MB (1U/L)

<25 127 (97.7%) 97.7% 261 (100.0%) 100.0%

>25 3(2.3%) 2.3% 0 (0.0%) 0.0% 0.014
Lactic acid (mmol/L)

<2.20 56 (63.6%) 63.6% 93 (69.9%) 69.9%

>2.20 32 (36.4%) 36.4% 40 (30.1%) 30.1% 0.329
IL-6 (pg/mL)

<7 6(5.1%) 5.1% 20 (7.8%) 7.8%

7-39.99 40 (33.9%) 33.9% 99 (38.7%) 38.7%

>40 72 (61.0%) 61.0% 137 (53.5%) 53.5% 0.337

https:/doi.org/10.1371/journal.pone.0287968.t003

were not more likely to be admitted to the ICU at presentation. The mortality rate was 14.9%
in the T2DM group and 11.7% in the non-T2DM group (p = 0.337).

Table 5 shows the results of the multivariable logistic regression analysis with the hospitali-
sation outcomes of mortality and improvement/cure as dependent variables. The regression
analysis yielded five independent variables that were significantly associated with the odds of
mortality, with sex maintained as a controlled covariate. The odds of mortality were lower in
patients with T2DM than in those without T2DM (OR, 0.27; 95% CI, 0.08-0.93). Conversely,
age was associated with increased odds of mortality, with an 8% increment per year (OR, 1.08;
95% CI, 1.03-1.13). Longer ICU stay was associated with decreased odds of mortality (OR,
0.38; 95% CI, 0.33-0.95), whereas vasopressor use and invasive ventilation were associated
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Table 4. Clinical outcome of diabetic and non-diabetic patients admitted for COVID-19 infection.

Type 2 Diabetes No Type 2 Diabetes
N (%) N (%) p-value
Length of Hospitalization
5 days or less 50 (32.9%) 128 (37.8%)
5 to 10 days 51 (33.6%) 112(33.0%)
10 to 15 days 21 (13.8%) 35 (10.3%)
15 to 20 days 11 (7.2%) 28 (8.3%)
More than 20 days 19 (12.5%) 36 (10.6%) 0.684
Oxygen therapy
Received Oxygen Therapy 103 (67.8%) 221 (65.2%) 0.578
ICU stay
Total ICU stay 52 (34.2%) 75 (22.1%) 0.005
Originally admitted to ICU 32 (61.5%) 39 (52.0%) 0.287
Use of Invasive Ventilation 28 (18.4%) 35 (10.3%) 0.013
Use of Vasopressors 25 (16.4%) 34 (10.0%) 0.043
ICU Length of Stay
5 days or less 16 (30.8%) 29 (38.7%)
5 to 10 days 13 (25.0%) 10 (13.3%)
10 to 15 days 10 (19.2%) 17 (22.7%)
15 to 20 days 5(9.6%) 9 (12.0%)
More than 20 days 8 (15.4%) 10 (13.3%) 0.514
Status on discharge
Improved and discharged to quarantine or cured 126 (85.1%) 294 (88.3%)
Deceased 22 (14.9%) 14.9% 39 (11.7%) 0.337

https://doi.org/10.1371/journal.pone.0287968.t1004

with increased odds of mortality (OR, 19.83; 95% CI, 4.36-90.20 and OR, 9.95; 95% CI, 2.24-
44.32, respectively).

Discussion

In this retrospective observational study, patients with T2DM and COVID-19 were older than
their non-diabetic counterparts, while both cohorts were predominantly males. Patients with
T2DM presented with lower temperatures and milder symptoms. HIN, DL and CAD were
more prevalent in patients with TD2M compared with non-diabetic patients. Patients with
T2DM had higher levels of creatinine, Troponin-T, and creatine kinase-MB. The patients with
T2DM were more likely to be admitted to the ICU, require invasive ventilation, and receive
vasopressors, while length of hospitalisation and oxygen therapy rates were not significantly
different between both groups. A multivariable logistic regression analysis showed that

Table 5. Logistic regression for hospitalization outcome (deceased vs improved/cured).

OR 95% CI of OR p-value
Type 2 DM 0.27 (0.08-0.93) .039
Age (continuous) 1.08 (1.03-1.13) .001
Male 0.38 (0.10-1.47) .160
ICU LOS (continuous) 0.56 (0.33-0.95) .031
Use of Vasopressor 19.83 (4.36-90.20) <.001
Use of Invasive Ventilation 9.95 (2.24-44.32) .003

https://doi.org/10.1371/journal.pone.0287968.t005
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patients with T2DM had lower odds of mortality. The regression analysis also showed that age,
vasopressor use and invasive ventilation were associated with increased odds of mortlity while
increase ICU stay was associated with decreased mortality odds.

T2DM tends to more common in older individuals, and age has been determined to be an
important contributor to the hospital course and clinical outcomes in patients infected with
SARS-CoV-2 [17]. Studies have shown that patients with T2DM admitted for COVID-19 are
significantly older [18], consistent with our findings. Studies have also shown that males are
more likely to be infected with SARS-CoV-2 and to be admitted for COVID-19 [17-20], which
might be due to the higher risk of exposure, as men were found to report less fear and negative
perceptions of health consequences of COVID-19 than women, while also showing less
responsibility for preventive measures [21,22]. In the present study, the patients admitted to
the hospital due to COVID-19 were predominantly male in the overall cohort, with no signifi-
cant sex difference between the patients with and without T2DM. Additionally, the smoking
status did not differ between the two groups.

One study showed that the most common symptoms of COVID-19 in patients with T2DM
are fever, cough and dyspnoea [9]. The present study supported these findings. Some signs
and symptoms tend to be predominantly observed in patients with T2DM infected with
SARS-CoV-2. A multi-centre study in China reported that fever (87.04%), dry cough (66%)
and expectoration (39.62%) were the most common presenting symptoms [23]. The patients
with T2DM were less likely to experience high-grade fever > 39.3°C (83.9% vs. 69.9%,

p = 0.005) and chest pain (3.9% vs. 9.1%, p = 0.044) compared with the patients without
T2DM. In the present study, we also found that the patients with T2DM were less likely to
experience sore throat and chest pain. The lower rates of physical pain and discomfort might
be attributed to the neuropathic and micro/microvascular complications of DM. For instance,
patients with DM are half as likely to experience chest pain during acute coronary syndrome
[24]. These differences in clinical presentation between the patients with and without T2DM
are crucial and require a high index of suspicion during the assessment of patients with
T2DM. The lack of flagrant symptoms might conceal the apparent severity of the infection and
affect appropriate management, in turn impacting the clinical course and outcomes in patients
with T2DM. One theory posits that patients with DM may have milder symptoms due to com-
promised inflammatory response. Studies have demonstrated lower activity of natural killer
cells in patients with DM, leading to impaired immune function and higher susceptibility to
infections [25]. Additionally, high glucose levels induce the production of transforming
growth factor 1, which suppresses the immune system by inhibiting a variety of cytokines,
including IL-2, IL-6 and IL-10 [26]. Studies in mice have shown decreased expression of intra-
cellular adhesion molecules and certain cytokines, such as C-X-C motif chemokine ligand 1
and 2, IL-1B and TNF-o, in the diabetic state, which might lead to decreased lymphocyte
recruitment that may explain the weaker immune response, milder symptoms and worse out-
comes with Sars-CoV-2 infection [27,28].

Patients with DM tend to have several comorbidities. DM causes hypertension through ath-
erosclerosis and the formation of atherosclerotic plaques in blood vessels. DM also increases
the risk of CAD through deposition of glycosylation end-products in coronary vessels endo-
thelial cells. Dyslipidaemia is also a common comorbidity of DM due to several interrelated
biochemical mechanisms [29]. In a previous study, hypertension (50.0%), CAD (27.1%) and
cerebrovascular disease (10.4%) were more prevalent in in patients with DM admitted for
severe COVID-19 [30]. Indeed, in the present study cohort, hypertension, dyslipidaemia and
CAD were the most common comorbidities with higher frequency in the patients with T2DM
compared with those without T2DM.
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The radiological findings did not exhibit a significant difference between the patients with
and without T2DM; however, the rate of pleural effusion was significantly higher in patients
with T2DM than in those without T2DM, which might be attributable to the higher prevalence
of CAD in patients with T2DM. In addition, DM is known to cause diabetic nephropathy
through structural and functional damage as well as other comorbidities such as hypertension
[31], which might also explain the significantly higher levels of creatinine observed in patients
with T2DM and COVID-19 in the present study.

Elevated levels of troponin (31%) in patients with COVID-19 were reported in several stud-
ies [32-35] that highlighted the association of high troponin levels with higher mortality rates
[36]. Manocha and colleagues found the troponin to be the only independent predictor of
30-day mortality [34]. Another study reported that higher troponin levels were associated with
worse clinical outcomes [32]. In the present study, the significantly higher Troponin-T levels
in patients with T2DM might explain the worse clinical outcomes in these patients in compari-
son with those without T2DM. However, troponin does not always indicate a myocardial
injury and can be elevated in severe respiratory infection, hypoxia, sepsis, systemic inflamma-
tion, pulmonary thrombosis, cytokine storm and myocarditis [37]. The underlying cause of
troponin elevation in COVID-19 remains unclear. However, the most prominent speculation
involves endothelial dysfunction and the thrombotic state, especially in the pulmonary vascu-
lature, as well as generalised inflammation rather than actual myocardial ischaemic injury
[37]. A study showed that elevated levels of high-sensitivity cardiac troponin T and high-sensi-
tivity cardiac troponin-I reflected the health status of elderly patients with DM and were asso-
ciated with heart failure, CAD, chronic kidney disease and severe hypoglycaemia [38]. Segre
et al. found that patients with DM and CAD had higher levels of troponin than those without
CAD (12.0 vs. 7.0 pg/mL) and that the troponin levels varied depending on the patients’ medi-
cations [37,38]. In the current study, creatine kinase-MB was elevated in only three patients in
the T2DM group and none in the non-T2DM group suggesting that the combined effect of
DM and COVID-19 might have led to increased troponin T levels even in the absence of
ischaemic injury. Troponin is an inflammatory biomarker and might be considered to be a
tool to evaluate patients with DM and COVID-19, especially considering that these patients
might be less symptomatic while being prone to worse clinical course compared with patients
without DM. In patients with DM, troponin might be a helpful prognostic marker to predict
progression of infection with related cytokine storm and the hypercoagulable status [39,40].

Accumulating evidence has shown that patients with T2DM are more likely to be hospital-
ised and to experience worse outcomes and higher rates of mortality from infections compared
with patients without T2DM [6,41]. An elevated inflammatory state by certain macrophages
might be a contributing factor to increased tissue damage, leading to nephropathy, neuropa-
thy, retinopathy and cardiovascular diseases in patients with T2DM [42]. The prevalence of
DM is higher in patients severely affected by COVID-19, with one study reporting that 57.14%
of patients with severe COVID-19 had T2DM [19]. Patients with DM are not only more likely
to contract SARS-CoV-2 but also to experience worse clinical outcomes, making them more
likely to be admitted to the ICU and receive mechanical ventilation [8]. The present study cor-
roborates these findings.

The current study also confirms the expected increase in mortality risk with patient age in
both the patients with and without T2DM. The inherent older age of patients with T2DM at
presentation for COVID-19 should therefore be regarded as an important factor underlying
adverse outcomes observed in these patients, in addition to T2DM itself [43]. Our analyses
also indicated that patients receiving invasive mechanical ventilation and vasopressors were at
a higher likelihood of mortality, possibly because of the already high risk of mortality and clini-
cal deterioration. Although patients with DM might have fewer symptoms and similar C-
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reactive protein and IL-6 levels when compared with those without DM, they are still at higher
risk of worse clinical course and increased need for ICU care. Thus, continuous monitoring
and aggressive management must be provided for patients with DM. Interestingly, there were
no significant differences in the length of hospitalisation, ICU stays and need for oxygen ther-
apy between the patients with and without T2DM. These findings further support the notion
that if adequately managed, patients with T2DM and COVID-19 may not require longer treat-
ment compared with those without T2DM. Of note, although a longer ICU stay was associated
with lower odds of mortality in the present study, this finding was most likely a natural effect
of longer ICU stays, which eventually lead to better prognosis compared with shorter ICU
stays that reflect patient’s demise. Finally, as well as unlike most of the previous studies, we did
not find a statistically significant disparity in mortality between the patients with and without
T2DM hospitalised for COVID-109. In fact, our regression analysis indicated that the odds of
mortality were lower in patients with T2DM than in those without T2DM. Multiple factors
might have played into these findings: Patients with T2DM infected by COVID-19 who pres-
ent with respiratory distress can usually attribute this presentation to acute respiratory distress
syndrome(ARDS) or newly-induced congestive heart failure (CHF) related to their T2DM as
shown in various studies; Nichols et al. found that patients with diabetes were much more
likely to develop CHF than patients without diabetes with younger age-groups demonstrating
the biggest such difference [44]. If managed properly, these patients would potentially recover
faster than their counterparts without T2DM who present with pulmonary complications
most likely caused by intrinsic lung disease that make management and recovery more diffi-
cult, thus increasing their mortality rates. Moreover, statin use in patients with COVID-19 has
been shown to decrease mortality, and one meta-analysis of retrospective observational studies
found the decrease to be up to 35% [45]. Since many patients with T2DM have comorbidities
such as HTN and dyslipidaemia, statin administration in this cohort of patients might also
play a role in decrease mortality rates compared with patients without T2DM as seen in the
present study. In addition, as mentioned previously, the impaired immune response seen in
patients with T2DM might prevent the rise of a potentially deleterious cytokine surge in
response to COVID-19 infection and inadvertently decrease mortality rates in these patients.
It is also possible that patients with T2DM presented with more risk factors for COVID-19
related mortality, and therefore more aggressive management was targeted towards this group
contributing to their lower odds of mortality seen. Despite a more severe in-hospital clinical
course and higher rates of ICU admission, the patients with T2DM were not more likely to die
from COVID-19 when compared with those without T2DM in the current study. These find-
ings indicate that the ethnicities of the populations studied may also play a role in influencing
outcomes in patients with T2DM and COVID-109, as this is study about Lebanese patients pre-
senting to a single centre in Lebanon.

Limitations

The present study has several limitations that should be acknowledged. First, this was a single-
centre study with a relatively small sample size, which reduces its statistical power. However,
this is the first study in Lebanon to date examining the clinical presentation and outcomes of
COVID-19 in patients with T2DM in comparison with those without T2DM. Furthermore,
infectious disease and ICU specialists have been continually adjusting specific treatments for
COVID-19 in parallel with the emergence of new data and international guidelines during the
progression of the COVID-19 pandemic. Not all patients in the present study were treated
using the same guidelines, which might have confounded the evaluation of patient outcomes.
The medications administered to the patients with T2DM varied depending on the specific

PLOS ONE | https://doi.org/10.1371/journal.pone.0287968 November 17, 2023 10/14


https://doi.org/10.1371/journal.pone.0287968

PLOS ONE

Lower odds of COVID-19-related mortality in hospitalised patients with type Il diabetes mellitus

comorbidities of the patients. Nonetheless, the number of comorbidities is expected to be
higher in patients with DM and should, if any, contribute to the worse clinical outcomes
observed in such patients. Lastly, the logistic regression model may have produced inflated
estimates due to the small sample size and hence a prevalence rate ratio may be more suited
for such data [46,47]. Nevertheless, the findings of this study, while interpreted with caution,
warrant further investigation into the role of T2DM with COVID-19 in larger centres with big-
ger sample sizes.

Conclusion

Similar to previous studies, we found that patients with T2DM hospitalised for COVID-19
were more likely to be older males presenting with low-grade fever and milder symptoms,
have a more complicated course of illness and to present with higher specific biomarkers com-
pared with patients without T2DM. Unlike most studies, however, these patients had lower
odds of mortality, suggesting that aggressive management may lead to better outcomes. This is
the first study that sheds some light on COVID-19 in Diabetic patients in the region. Neverthe-
less, further studies are needed to help understand the prognoses of patients with T2DM and
COVID-19 and guide their management.
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