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ABSTRACT
The corona virus disease 2019 (COVID-19) pandemic has spread globally with increase in morbidity and fatality. 
Patients with diabetes mellitus (DM) are considerably vulnerable to the disease.

Aim: This study aims to explore the risk factors that contribute in susceptibility and severity of COVID 19 infection 
among patients with DM.

Method: A systematic search of studies relating to DM and COVID 19 infection was conducted, using PubMed and 
Google scholar.

Result: A total of 162 citations were initially identified. Seventy-four papers were removed for failing to address 
the aim of the study. Seventeen studies focused on age as risk factor, eighteen studies assesses the effects of glucose 
variability, nine studies evaluated the associated comorbidities, four assessed the risk of the job, eight addressed 
the susceptibility related DM, twenty four explored the effects of medications, fifteen concentrated on immune 
system, and sixteen  addressed more than one risk factor.

Conclusion: Old age, glucose variability, comorbidities, susceptibility factors related to DM, medications and 
impair immune response are considerable risk factors contributing in COVID 19 pathogenesis among patients 
with DM.
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Introduction
Diabetes mellitus (DM) is markedly increasing worldwide, with 
a global prevalence in adults in 2017 being 8.8% and expect to 
increase to 9.9% by 2045 [1]. The prevalence increases with 
age which was lowest in younger age group (35–39years) (5%), 
compared to old age one (65-69 years) 20%. Recent data from 
United States of America, revealed that up to10.1% of adult 
American had DM [2]. Viral infection, in particular that related 
to influenza virus represents a significant medical problem as 
most of the individuals may expose to more than one medical 
ailment annually [3]. The tendency to affect patients with chronic 
disease was evident after the 2009 H1N1 influenza pandemic [4]. 

Likewise, similar finding was documented during the last two 
world-wide respiratory infection outbreaks (influenza A (H1N1) 
in 2009 and Middle East Respiratory Syndrome Coronavirus 
(MERS-CoV) in 2012) which considered DM as host-independent 
risk factors and associated with severe morbidities and increased 
mortalities [5,6]. The same trend was adopted for patients with 
diabetes mellitus during the current COVID 19 pandemic [7,8]. 
COVID-19 infection is associated with increased severity of the 
disease, higher morbidity and mortality among old people with 
comorbidities [9,10]. This was strengthened by the outcome of 
recently released reports that linked the associated comorbidities 
to the poor prognosis [11-15]. Additionally, patients suffering 
COVID-19 with hyperglycemia may have a higher risk and a 
poorer outcome compared with those with normal blood sugar 
levels [16,17].
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The synergistic effects of COVID-19 on immune system 
(lymphocytopenia, thrombocytopenia and leukopenia) and the 
impaired immune response of patients with DM are essential 
contributors to predict the final outcome [13,18]. Many other 
factors may have an influence on the disease progression that may 
attract the researcher to shed light on it. For all reasons mentioned 
above, I conducted this review to identify the possible contributing 
risk factors that affecting the outcome of COVID 19 among 
patients with DM.

Method
A systematic search of studies addressing diabetes mellitus and 
COVID 19 and related corona virus infection was conducted 
without frame time limit, using PubMed and Google scholar, 
with the key the words; “diabetes mellitus” “corona virus” 
“COVID-19”, and “SARS-CoV-2”.

The electronic database search yielded 162 studies. Seventy-four 
studies were removed for not addressing the aim of the study, 
duplication, lacking proper citation, and language issue. Titles and 
abstracts were assessed to determine eligibility for full screening. 
Studies that employed acceptable quantitative and/or qualitative 
methods, including randomized controlled trials, observational 
studies (such as cross-sectional, experimental, and interventional 
studies), review articles, ideas, editorials, reports, letters to the 
editor and opinions were included. All studies focusing on the 
pathogenesis of COVID 19 in patients with DM, the mechanism 
of entry, risk factors, effect of blood sugar, immune response, 

medications, morbidity, and mortality were eligible for inclusion. 
The summary of the literature search procedure is illustrated in 
Figure 1. Once all relevant studies had been identified, full-text 
manuscripts were retrieved for assessment. The studies were 
grouped according to the primary aims, old age, blood glucose 
variability, associated comorbidities, health care provider with 
DM, DM related factors, medications and impaired immune 
response. This enabled identification of papers that addressed 
specific topics and issues relevant to my objectives and facilitated 
the retrieval of information.

Result
A total of 162 citations were initially identified. Seventy-four 
studies were removed for not addressing the target of the study, 
duplication, lacking proper citations and language issue. After 
screening titles and abstracts, seventy-eight full-text articles were 
retrieved for eligibility analysis. Seventeen studies focused on 
age as risk factor [2,12,13,19-31], eighteen studies assesses the 
effects of glucose variability [5,6,910,16,17,32-43], nine studies 
evaluated the associated comorbidities [11-15,18,19,44,45], four 
assessed the risk for health care providers, [46-49] eight addressed 
the susceptibility related DM [50-57] twenty four explored the 
effects of medications [9,27-31,50,58-74] fifteen concentrated on 
immune system, [5,13,18,39,40,42,75-83] and sixteen  addressed 
more than one risk factor [5,9,12-14,18,19,27-31,39,40,42,50]. 
There risk factors appear to have a predictor value for increasing 
susceptibility to COVID 19 infection and worsening the outcome 
among individuals with DM.
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Discussion
Patients with diabetes mellitus, have the same the risk of 
contracting a viral illness as those without diabetes mellitus, but 
might have severe presentation if they had [19]. Old patients with 
DM are considerably at a higher risk for COVID 19 infection as 
documented recently in some clinical data [12,14,20]. Increase 
age, itself, is a known risk for developing DM because the 
prevalence varies with age, younger age group (35-39years), has 
lowest prevalence (5%), compared to old age one [(65–69 years) 
20%] [2]. A markedly higher prevalence of DM was obtained with 
a mean age of 80 years (44%) [21]. Moreover, older patients with 
DM have a higher chance to develop the chronic complications 
related the DM or age-related chronic diseases. The prevalence 
of peripheral vascular disease in patients with DM was almost 
twice as high compared to those without DM among adults age 
60 years and older [22], and significantly very higher in patients 
aged 70 years and older (60.6%) [23]. Additionally, the prevalence 
of myocardial infarction was significantly higher among both 
males and females (15.5% vs. 7.2%, P = 0.001) [24]. Aging has 
negative effects on the immune system that may worse influence 
COVID 19 infection. In experimental study that showed increase 
of age was associated with impaired T-cell and B-cell function 
and release of excess inflammation markers which could increase 
the susceptibility and delay clearance of COVID 19 infection, 
resulted in worsening disease severity and increased fatalities 
[13]. Likewise, cytokine storm syndrome, which is commonly 
triggered by viral infection and is characterized by a fulminant 
and fatal hypercytokinaemia with multiorgan failure [25]. This 
might represent the failure of immune system’s attempts to damp 
down or normalize the persistent pro-inflammatory response in a 
timely effective manner [26]. Another factor that may contribute 
in this issue, is possibly the multiple drugs that are used for DM 
or the associated comorbidities. These medications may affect the 
COVID 19 pathogenesis through ACE2 and DPP4 expression or 
modify immune response such as glucagon-like peptide 1 agonists 
and thiazolidinediones, ACE inhibitors, and statins [27-31]. It is 
clear that being old is not only risk factor but also hiring many 
potential associated synergistic risky elements.

In general people with DM have been found to be prone to 
infectious diseases, especially those caused by bacteria and viruses 
affecting lower airways [10]. High glucose levels and chronicity 
of DM play a relevant role in hindering antibacterial function 
of neutrophil [5]. As a result, such patients are prone to the risk 
of infectious diseases, in particular those caused by bacteria and 
viruses with tendency to affect lower airways [10,32,33]. This 
may explain why COVID-19 infection is associated with severe 
course of the disease, high morbidity and mortality especially 
among old people with uncontrolled DM [9,10]. Recent evidences 
demonstrated micro-angiopathic changes that might occur in the 
respiratory tract of patients with DM, leading to impairment of gas 
exchanges and reduced lung compliance. Moreover, it might create 
a favorable the environment for atypical microorganisms to grow 
and complicate severe pneumonia as a result of lower respiratory 
tract infection [5]. This observation was documented during the 
last two decades, world-wide respiratory infection outbreaks [6]. 

During these outbreaks, DM was confirmed to be one of host-
independent risk factors and might fatal complications [5]. There 
is now a growing body of evidence linking glycemic oscillations 
with endothelial dysfunction, irrespective of blood sugar control 
[34,35]. Patients with DM generally have a significant reduction 
in forced vital capacity (FVC) and forced expiratory volume 
in one second (FEV1), that is corelated positively with higher 
plasma glucose levels [36]. Hyperglycemia, impaired glucose 
metabolism and development of acute complications of diabetes 
(e.g., ketoacidosis) were frequently seen in patients with DM who 
had COVID-19 infection. It was possibly triggered by higher 
stress state, leading to greater release of insulin counter regulatory 
hormones, e.g., glucocorticoids and catecholamines. The resultant 
is increase in blood glucose levels and abnormal glucose variability 
[37]. Likewise, the use of glucocorticoids during hospitalization, 
may favor a great glycemic excursion, especially among those with 
DM [37]. Hyperglycemia among patients suffering COVID-19 
is considered to be a higher risk factor and predictor of poorer 
outcome compared with those who have normal blood glucose 
levels [16,17]. Hyperglycemia may result from pancreatic damage 
mediated by ACE2 expression on the pancreatic cell that facilitates 
direct corona virus invasion and possibly contributing to worse 
outcomes in subjects with DM. A Chinese study compared 39 
SARS-CoV patients without previous DM, who did not receive 
steroid treatment, with 39 matched healthy siblings. The study 
showed that 20 of the 39 SARS-CoV patients developed DM 
during hospitalization. Moreover, immunostaining for ACE2 was 
strongly present in the pancreatic islet cell, indicating SARS-CoV 
might have damaged islet cells and caused acute insulin dependent 
diabetes mellitus [38]. Hyperglycemia has negative effects on the 
immune system at different levels may contribute in the severity 
of COVID 19 infection and increase mortalities [39,40]. Likewise, 
it is associated with increased risk of diabetic ketoacidosis during 
infection process or during management [22,37]. Thus, vigilant 
professional care skills are highly recommended to modify the 
prognosis and improve the outcome. On the other hand, documented 
hypoglycemia was reported that in 10% of the patients with T2DM 
and COVID-19 who suffered at least one episode of hypoglycemia 
(<3.9 mmol/L) [41]. Hypoglycemia has been associated with 
mobilization of pro-inflammatory monocytes and increase platelet 
reactivity, leading to a higher cardiovascular mortality in patients 
with diabetes mellitus [42]. The inflammatory and immune 
response occurs in these patients, with hyper- or hypoglycemia 
events may contribute in the SARS-CoV-2 virulence. Moreover, 
the virus itself may interfere with insulin secretion or glycemic 
control. As well as, the impact of usual diabetes drug treatment on 
COVID-19 outcomes and variation in the therapeutic approaches 
adopted for controlling blood sugar [43].

Not only with increase of age increases age-related comorbidities, 
but also a higher chance for appearance of diabetes related 
complications. In Morbidity and Mortality Weekly Report from 
United State of America, demonstrated that approximately one 
third of these patients (37.6%), had at least one underlying medical 
condition or risk factor: Diabetes mellitus (10.9%),chronic lung 
disease ( 9.2%), and cardiovascular disease ( 9.0%) were the most 
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frequently registered among all of patients [11]. Another study, 
recruited 1099 patients with confirmed COVID-19, reported the 
severity of the disease among of hypertensive patients (15.0%) and 
those with diabetes mellitus (7.4%) [18]. Likewise, many studies 
revealed that the presence of comorbidities is directly related 
to higher percentage of cases infected with COVID-19 [12-15]. 
The presence of comorbidities is essential to predict the severity 
and the outcome as reported in some recent studies: 12% of the 
admitted patients had only DM [44], and a higher percentage of 
patients with comorbidities (22%-26.1%) that requiring intensive 
care management for COVID 19 disease [12]. Although patients 
with diabetes mellitus, have the same the risk of contracting a viral 
illness as general population, but presented with the severe form of 
disease if they had [19]. This was supported by recently published 
reports from the Wuhan province in China that demonstrated 
those with diabetes mellitus and hypertension were the most 
group of patients who succumbed to COVID-19 infection and 
overrepresented among the most severely ill one [18]. Hence, they 
deserve vigilant evaluation and prompt health-care in case they 
have the disease because they are more vulnerable to severity of 
illness in particular if presented with the shortness of breath and 
fever) [45].

Health care provider with DM are prone to the potential risk of 
COVID 19 infection, in particular those providing care for sick 
patient who had COVID 19 disease. A recent report showed that 
nearly 9,300 U.S. health care workers contracted COVID-19 while 
at work, 27 have died and 55% of those whom were tested, turned 
to be positive [46]. Furthermore, two updated reports from China 
CDC on 44 672 confirmed cases and from Italy 139,377 positive 
test for COVID-19 a, revealed different percentages of infected 
health care providers, which were 1688 (3.8%) and 15 314 (11%) 
respectively [47,48]. I believe the risk for health care providers 
who have DM is considerably higher than these rates as no recent 
enough data to assess the risk among this vulnerable group. 
Health care providers, in particular anesthetists, dentists, head 
and neck surgeons, maxillofacial surgeons, ophthalmologists and 
otolaryngologists with chronic disease including diabetes mellitus 
are at high risk of contracting the COVID 19 disease from infected 
patients. They represent 3.8% to 20% of the infected population 
and 15% of them will develop severe form of the disease and many 
might lose their lives [49]. Those who are working around the oral 
cavity and nostrils of patients as mentioned above, are exposed to 
potential great risk hence the recommendation for them to avoid 
dealing with infected patients with COVID 19 and using proper 
preventive equipment.

There are some evidences that patients with DM hire characters 
that increase their vulnerability to contract COVID-19 infection. 
One of these mechanisms is facilitating binding and entry of the 
corona virus in the human cells. Angiotensin-converting enzyme 
2 (ACE2) is known a recognition site for binding coronavirus 
to facilitate its entry and is expressed by epithelial cells of 
human organs [50]. Basically, patients with diabetes mellitus 
have increased expression of ACE2 and the risk is magnified 
among those taking either ACE inhibitors or angiotensin II 

type-1 receptor blockers (ARBs) [50]. DM is causally linked to 
increase ACE2 expression levels in the lung [51] and facilitate 
viral entry by cleaving the S1 and S2 domain of the spike protein 
[52]. Interestingly, a recent study linked the delayed clearance of 
SARS-CoV-2 virus to the over expression of ACE2 in patients 
with DM, besides prediction of worse prognosis [53]. Another 
issue, is the possible role of dipeptidyl peptidase IV (DPP-4) in 
coronavirus infection which is emerging issue related to DM. 
Corona virus binds to the human DPP-4 receptor as recognition 
site. In experimental trail, using type 2 diabetic transgenic mouse 
models expressing DDP-4 receptor on pulmonary alveolar cells 
to study the effect of DM on MERS-coronavirus infection. Not 
only a significant association of DM that corelated clinically with 
the severity of the disease, but also a similar greater weight loss 
and pulmonary inflammation was demonstrated with macrophage 
infiltrates [54]. Likewise, another study linked the expression of 
human and bat DPP4 to susceptibility to infection [55]. Further 
researches are needed to assess the therapeutic benefits or the risk 
expected from exploiting DPP4-inhibitors in patients with type 2 
DM who have COVID-19 infection. On the same issue, one study 
pointed the important role of DPP4 in regulation of chemokine 
and cytokine responses, favoring downregulation of the immune 
response, hence proposing potential therapeutic at this level [56]. 
Interestingly, one study identified the polymorphisms of DPP4 
and fortunately enough, four of them (K267E, K267N, A291P 
and Δ346-348) strongly inhibit the binding of MERS-CoV S to 
DPP4 and S protein-driven host cell entry. Moreover, two of them 
(K267E and A291P) have extra potential effects in attenuating 
viral replication [57].

Some medications used for patients with diabetes mellitus are 
under focus and their impact on the clinical course of COVID-19 
has been widely debated. ACE inhibitors (ACEIs) and angiotensin 
receptor blockers (ARBs) are commonly used by those with 
diabetes and hypertension [58]. Surprisingly, some studies have 
reported decreased mortality and endotracheal intubation in 
patients with viral pneumonia who continued using of ACEIs and 
ARBs [59,60]. This group of medications is postulated to have 
significant immunomodulatory effects [61] and reduce pulmonary 
and systemic inflammatory response by decreasing cytokines 
production and activation [59,60]. In experimental trial, mice 
injected with SARS-CoV Spike presented with worsened acute 
lung failure, which could be attenuated by blocking the renin-
angiotensin pathway because SARS-CoV infection and the 
virus Spike protein reduce ACE2 expression [62]. On the same 
issue, one study strengthened the potential beneficial actions and 
promoted it as tentative medication for COVID 19 infection to 
reduce the aggressiveness and mortality [63]. On the other hand, 
when considering ACE2 is a functional receptor for SARS-CoV-2 
and its levels can be increased by ACE inhibitors and ARBs, this 
might affect negatively the outcome in patients with COVID-19 
disease [64]. Hence people on angiotensin-converting enzyme 
(ACE) inhibitors might expose to higher risk for clinically severe 
forms of infection. Basically, patients with diabetes mellitus 
have increased expression of ACE2 and the risk is magnified 
among those taking either ACE inhibitors or angiotensin II type-
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1 receptor blockers (ARBs) [50]. In contrast to what mentioned 
above, no significant difference was obtained in the proportion of 
ACEI/ARB medication between survivors and non-survivors in 
a retrospective analysis recruiting 112 patients with COVID-19 
and cardiovascular disease [65]. In absence of solid evidence of 
risk or benefit regarding ACEI/ARB medications, the American 
College of Cardiology, the American Heart Association, and the 
American Society of Hypertension have recommended to continue 
their usual antihypertensive therapy [66]. As we know that DPP-
4 inhibitors are commonly used in the management of diabetes 
mellitus worldwide, future research should explore whether DPP-
4 may also act as receptor for SARS-CoV-2. Recently, some 
studies proposed a potential protective effect of these drugs against 
COVID-19 [67]. Interestingly, some two studies, documented that 
DPP-4 inhibitors could inhibit ACE with the cardio-renal benefits 
[68,69], and regulate the function of the immune system, by 
reducing inflammatory reactions and by improving oxidative stress 
[70]. In addition to that it prevents coronaviruses from entering 
cells as a result of competitive binding to ACE2, which might 
help to protect and restore pulmonary function [69,71]. There is 
emerging concern regarding some medications that are commonly 
used by patients with DM and may have potential influence on 
COVID 19 infection. The main mechanism is through upgrading 
expression of ACE2, which include thiazolidinediones, statin and 
ibuprofen [9,27-31,72]. Thus, generating questions regarding 
the safety of these drugs in these patients with COVID-19. On 
the other hand, insulin therapy is associated with attenuation of 
ACE2 expression, a site of recognition for corona virus [73,74]. 
Furthermore, metformin and SGLT-2 inhibitors drugs are not 
recommended for use for managing moderate to severe illness as 
both are associated with lactic acidosis and diabetic ketoacidosis, 
respectively.

Diabetes mellitus is a chronic inflammatory disease characterized 
by multiple metabolic and vascular abnormalities that reflect the 
body response to pathogens [5]. Moreover, atherosclerosis, vascular 
inflammation and endothelial dysfunction are also part of the 
pathogenesis of other chronic conditions that has association with 
DM (hypertension and cardiovascular disease [75]. Hyperglycemia 
and insulin resistance are associated with increased production of 
glycosylation end products (AGEs), pro-inflammatory cytokines, 
oxidative stress and promoting production of adhesion molecules 
that mediate tissue inflammation process [5,75]. This may explain 
a higher propensity to infections, leading to worse outcomes in 
patients with DM [5,76]. Several defects in immune system 
have been related to hyperglycemia despite being still not fully 
understood [39]. Inhibition of lymphocyte proliferative response 
to different kinds of stimuli has been observed in in patients 
with uncontrolled DM [40]. Likewise, hindering the functions of 
monocyte, macrophage, neutrophils [5] and complements [77] with 
abnormal delayed type hypersensitivity reaction [39]. Evidences 
from many studies have linked pulmonary epithelial cells 
exposure to high glucose concentrations significantly increases 
vulnerability to influenza virus infection and replication [78-80]. 
In animal models, DM is associated with structural lung changes 
leading to increase vasculature permeability and collapsed alveolar 

epithelium [81], On the other hand, hypoglycemia has been shown 
to potentiate host’s innate immune reaction to endotoxins by 
stimulating pro-inflammatory monocytes with increased risk of 
cardiovascular mortality [42]. 

Patients with COVID-19 at increased risk of lymphocytopenia, 
thrombocytopenia and leukopenia, which are more prominent 
in severe cases [18]. Furthermore, elevated levels of pro-
inflammatory cytokines, C-reactive protein, and increased 
coagulation activity were also linked to severity of the disease 
[13,18]. Interestingly, among different cytokines, Interleukin‐6 
(IL‐6) was significantly higher in COVID 19 positive patients with 
diabetes mellitus compared to those without [82]. Basically, this 
cytokine level is already higher in patients with T2DM and may 
be responsible for the severity and deterioration in COVID‐19 
infection. Hence targeting the over expression of Il‐6 effects is a 
potential option of treating patients with T2DM with a monoclonal 
antibody against IL‐6 receptor or Janus Kinase inhibitors [82]. 
Both insulin resistance and T2DM are associated with endothelial 
dysfunction, and enhanced platelet aggregation and activation. 
These abnormalities favor the development of a hypercoagulable 
pro-thrombotic state [83]. Animal studies involving SARSCoV 
reported older age was associated with impaired T-cell and B-cell 
function and release of excess inflammation markers. This might 
be applied to T2DM alone or in combination with older age, 
hypertension and/or CVDs contributing to COVID 19 infection 
severity and fatalities. It is worth to mention that most of these 
risk factors coexist and synergistically work together to shape the 
worse prognosis for COVID 19 infection among those patients 
with DM.

Conclusion
Old age, associated comorbidities, on multiple medications, 
uncontrolled glycemia, impaired immune status and being health 
care provider in risk environment are major contributing risk 
factors that can predict the COVID 19 infection susceptibility and 
severity among patients with DM.

Limitation 
This study used only Pubmed and Google scholar database and 
some valuable data are not included. Another limitation is related 
to the article selection criteria that were used.
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