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Diabetes Mellitus and
COVID-19 in Saudi Arabia:
Epidemiology, Clinical Risk,
and Health System Impact

Abstract
Diabetes mellitus and COVID-19 have converged as important public health
challenges. Diabetes has been consistently associated with severe infection,
hospitalisation, intensive care admission, and mortality. This relationship is
particularly important in Saudi where diabetes, obesity, hypertension and
metabolic syndrome are highly prevalent. This narrative review made evidence
from systematic reviews, meta-analyses, cohort studies, clinical studies from
Saudi Arabia, and public health worldwide literature on the epidemiology of
diabetes, COVID-19 outcomes, glycaemic control, complications, vaccination,
telemedicine, and health-system response. Evidence from around the world
points to an association between diabetes and an increased risk for severe
COVID-19, particularly in the context of poor glycaemic control, obesity,
hypertension, cardiovascular disease or chronic kidney disease. Diabetes also is
reported as one of the most common comorbidities among hospitalised COVID-
19 patients in Saudi studies with worse outcomes reported in patients with
uncontrolled diabetes and multimorbidity. The pandemic has also impacted
diabetes care through reduced physical activity, changes in diet, psychological
stress and lack of access to routine follow-up. In response, Saudi Arabia
expanded telemedicine, digital health platforms, national guidance, and
vaccination priority for high-risk groups. These findings suggest that diabetes
was a prevalent comorbidity during the COVID-19 pandemic in Saudi Arabia,
and a major factor determining vulnerability. To be ready for the future, diabetes
care must be integrated into emergency planning, through stronger primary care,
remote monitoring, interoperable health data, and population-level risk
surveillance.
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1. INTRODUCTION
The emergence of two big global health challenges,
diabetes mellitus (DM) and coronavirus disease 2019
(COVID-19), has created a huge strain on health
systems across the world. Diabetes is a chronic
metabolic disease characterised by persistent
hyperglycemia. Currently, approximately 537 million
adults are living with diabetes worldwide and this
number is projected to rise to 783 million by 2045 [1].
COVID-19 has also created an unparalleled global
burden with hundreds of millions of confirmed
infections and millions of reported deaths worldwide,
but accurate global case and death counts are generally
obtained from the WHO surveillance [2], [3]. The
combination of these conditions has increased
morbidity, mortality and long-term health
consequences, creating a syndemic interaction that
merits targeted scientific and clinical attention. In
addition, there is growing high quality evidence to
suggest diabetes is an independent risk factor for severe
COVID-19 illness including hospitalisation, admission
to intensive care unit and death [4] Systematic reviews
and meta-analyses demonstrate that the prevalence of
diabetes increases with the severity of COVID-19,
affecting 28–35% of critically ill or deceased patients
[5]. Diabetes is estimated to account for about 9.5% of
severe cases and 16.8% of deaths worldwide from
COVID-19, showing its impact on the population [5],
[6]. Recent meta-analyses further confirm that patients
with diabetes have a significantly higher risk of severe
disease compared to patients without diabetes [7].
These findings support the view that diabetes is not
only a comorbidity but an important determinant of
COVID-19 outcomes. Diabetes contributes to COVID-
19 because of the commonalities in immune and
metabolic dysfunction. Chronic hyperglycemia can
impair innate and adaptive immunity including
neutrophil chemotaxis, phagocytosis and T-cell
function which can all weaken antiviral defence [8].
The disease is also associated with chronic low-grade
inflammation, endothelial dysfunction, and oxidative
stress, which may predispose to exaggerated
inflammatory responses in severe COVID-19 [7], [8].
SARS-CoV-2 infection may further aggravate these
abnormalities by promoting immune dysregulation and
inflammatory pathways involving cytokines such as
interleukin-6 and tumour necrosis factor-α[8], [9].
Emerging evidence also suggests a bidirectional
relationship, in which COVID-19 may precipitate new-
onset diabetes or worsen existing glycemic control[10],
[11]. Beyond individual mechanisms, the interaction
between diabetes and COVID-19 has important
population-level implications, especially in regions
with a high burden of metabolic disorders. The Middle
East, and Saudi Arabia in particular, represents a high-
risk setting because of the high prevalence of diabetes
and related cardiometabolic disease. National and
regional evidence links this burden to rapid
urbanization, sedentary lifestyle, obesity, dietary
transition, and possible genetic susceptibility [12]. As a

result, people with diabetes form a large vulnerable
subgroup within the Saudi COVID-19 population and
contribute substantially to hospitalization and adverse
outcomes [13]. Early Saudi evidence also indicates
that diabetes was among the most common
comorbidities reported in patients with COVID-19,
consistent with global findings [13]. The COVID-19
pandemic in Saudi Arabia directly affected the
infection but also had a profound impact on diabetes
management and the delivery of healthcare.
Lockdowns and changes in healthcare systems were
related to reduced physical activity, dietary changes,
psychological stress and limited access to routine care,
all of which can negatively impact glycaemic control
[14]. The COVID-19 pandemic led health care
providers to rapidly adopt telemedicine and digital
health solutions to ensure continuity of care,
revealing opportunities and shortcomings in the
management of chronic disease [11]. These changes
imply that the burden of COVID-19 in people with
diabetes is multifactorial, including biological
vulnerability, behavioural change, and healthcare
system resilience. Some studies discussed the clinical
outcomes, lifestyle modifications, and adaptations in
health care during the pandemic [12], [15], [16], [17].
However, there is still a need for an integrated review
with epidemiological patterns, clinical outcomes, and
health system responses in the Saudi context. This
review discusses the association between diabetes
mellitus and COVID-19 in Saudi Arabia with a
special focus on epidemiology, clinical outcomes, and
the impact on diabetes care and healthcare services.

2. EPIDEMIOLOGY OF DIABETES IN SAUDI
Saudi Arabia is among the countries with a high
burden of diabetes, but estimates vary depending on
criteria for measurement, age structure, sampling
methods and diagnostic definitions. The International
Diabetes Federation estimated that in 2024, 23.1% of
adults in Saudi Arabia would have diabetes, which
corresponds to around 5.34 million people [18], [19].
The headline figure should be treated with caution, as
Saudi and international estimates are not directly
comparable. Some estimates are based on measured
fasting glucose or medication use, others on modelled
adult prevalence, and older Saudi studies often used
self-report or region-specific sampling. This
methodological heterogeneity explains why estimates
of diabetes in Saudi Arabia may differ from one
reputable source to another [12]. Saudi Arabia’s
diabetes prevalence has risen from modest levels in
earlier decades to one of the highest burdens in the
region. Earlier and recent reviews link this increase to
urbanization, dietary change, reduced physical
activity, obesity, and the insulin-resistance syndrome
[12]. A systematic review and meta-analysis of
observational studies found the pooled prevalence of
type 2 diabetes mellitus in Saudi Arabia to be 16.4%
from 2000 to 2020, indicating a persistently high
burden over the last two decades[7], [12], [20]. Type
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2 diabetes accounts for most diabetes cases in Saudi
Arabia, as in most adult populations. However, type 1
diabetes mellitus is also epidemiologically important
because Saudi Arabia has a high pediatric incidence. A
widely cited review reported an annual incidence of
approximately 31.4 per 100,000 children under 15
years, placing Saudi Arabia among high-incidence
countries globally [21]. Prediabetes is a major public
health problem, being a large reservoir for future
diabetes. A systematic review in 2025 estimated the
pooled prevalence of prediabetes among adult Saudi
population to be 24.1% with a higher prevalence among
males [22]. Hence, the Saudi diabetes burden is not
limited to diagnosed cases but also encompasses a large
population already in the glycaemic risk continuum.
The age pattern follows biological expectations,
generally, but is amplified by the national risk
environment. Type 2 diabetes is mainly an adult disease,
and its prevalence rises with age, while type 1 diabetes
occurs mainly in childhood and adolescence. Sex
differences are more complicated. Some data show
higher obesity in women, whereas recent prediabetes
estimates show higher prevalence of prediabetes among
men [22]. These patterns are compatible with sex
differences in diabetes risk being determined by a range
of factors, including body composition, physical
activity, diet, healthcare engagement and detection
patterns. Grouping several risk factors is important to
understand the high prevalence of diabetes in Saudi
Arabia. One big relative factor is obesity. According to
a study review, the prevalence of obesity in Saudi
Arabia is higher than the global average and is
sustained by environmental and behavioural factors
such as unhealthy diet and physical inactivity [23].
Diabetes is often accompanied by dyslipidaemia,
central obesity, hypertension and insulin resistance
which together suggest the metabolic syndrome
phenotype, rather than isolated hyperglycaemia [12].
This environmental risk may also be modified by
genetic susceptibility. Early Saudi literature often
mentioned consanguinity and familial clustering as
possible factors contributing to the risk of type 2
diabetes, particularly in the setting of rapid lifestyle
change [12], [14]. The evidence remains suggestive,
rather than conclusive. Family aggregation is observed
but it is difficult to separate the relative contribution of
genetic predisposition and shared environment. This
difference is important because an overemphasis on
genetics may obscure modifiable drivers such as
obesity, sedentary lifestyle, and calorie-rich diets. Thus,
the epidemiology of diabetes in Saudi Arabia reflects a
rapid metabolic transition shaped by genetic and
environmental factors. The primary issue in the
evidence base is methodological inconsistency with
studies varying in age groups, diagnostic criteria, case
definitions and methods of sampling. New initiatives
such as the Saudi Population Health Observatory may
improve the tracking of disease burden, but
comparisons between studies should be made
cautiously [24].

3. COVID-19 EPIDEMIOLOGY IN SAUDI
Saudi Arabia detected its first confirmed case of

COVID-19 in March 2020 [25]. The initial reaction
was the swift introduction of public health measures
such as travel restrictions, the suspension of mass
gatherings, school closures, curfews and phased
lockdowns [25], [26], [27]. A Saudi study of the first
18 weeks of the epidemic found that these prevention
strategies were associated with control of early case
growth and lower case-fatality estimates than those
reported in some early international epicentres [28].
The Saudi epidemic was not a single wave. It began
with an initial surge in spring 2020, peaked in
summer 2020, then went into a lower-burden period
in 2021 with expansion of testing, clinical practice
and vaccination [25],[26], [28]. In an epidemiological
analysis of laboratory-confirmed cases from March
2020 to December 2021 in Saudi Arabia, 549,810
cases were reported with the highest numbers
reported in summer months [29]. Same study reported
fewer cases and deaths in 2021 than in 2020, perhaps
reflecting vaccination, public health measures and
improved clinical management [14], [25], [26], [28].
By July 2021, Saudi Arabia reported 506,125
COVID-19 cases and 8,035 deaths, according to a
Saudi review focused on diabetes and COVID-19 that
used national data [29]. More recent public data show
higher cumulative totals by 2024, reflecting continued
transmission after the pandemic peak, but exact
figures differ by source and update timing [18], [29],
[30]. The demographic profile of cases in Saudi
Arabia differed from patterns reported in some
European and North American settings. During 2020–
2021, men made up a large proportion of reported
cases, and transmission was concentrated largely
among working-age adults rather than only older
adults [14], [25], [26], [28]. Nonetheless, severity and
mortality still increased with age and medical
vulnerability, consistent with global patterns.
Comorbidity was a major factor contributing to poor
outcomes in Saudi research, with diabetes frequently
highlighted. A review of local hospital studies
reported diabetes as one of the most common
comorbidities among hospitalized COVID-19 patients,
with prevalence ranging from approximately 10% to
68% depending on study design, hospital type, and
case severity [29]. This wide variation reflects
heterogeneity in clinical populations rather than
inconsistency in the biological signal. Diabetes
becomes more common as cohorts become older,
more severe, and more hospital based. The strongest
Saudi hospital evidence supports the same direction
of association. Among hospitalized patients, diabetes
was common and associated with higher mortality,
although other factors such as age, heart failure,
smoking, renal dysfunction, and severe vitamin D
deficiency also influenced risk [29]. This pattern
reflects global trends: diabetes rarely occurs alone,
but often coexists with obesity, hypertension,
cardiovascular disease, and chronic kidney disease,
all of which can worsen COVID-19 outcomes [31].
The Saudi COVID-19 epidemic followed the global
pattern of multiple waves, declining severity over
time, and disproportionate impact on older adults and
those with chronic disease. The difference was not the
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virus itself, but the context in which it spread. Saudi
Arabia’s younger population, rapid non-pharmaceutical
measures, use of digital surveillance, and early
healthcare reorganization likely helped moderate
mortality, while the widespread prevalence of diabetes
and other metabolic diseases created a large vulnerable
group [29].

4. DIABETES AS A RISK FACTOR IN SAUDI
COVID-19 PATIENTS
Diabetes was a major comorbidity during the pandemic
in Saudi Arabia and was frequently reported among
hospitalised COVID-19 patients. The percentage of
affected patients indicates that diabetes is more
pronounced in older, sicker, and hospital-based
populations and not inconsistent in its association with
COVID-19 [29]. The clearest Saudi signal is among
patients who have been hospitalised. One Riyadh
cohort described in the Saudi review reported diabetes
in 68.3% of admitted COVID-19 cases. Patients with
diabetes had higher mortality than those without
diabetes [29]. The same pattern was observed across
several hospitals, with diabetes being one of the most
common comorbidities among admitted patients and
more common in severe cases than in mild or non-ICU
groups. This observation aligns with the wider COVID-
19 evidence that severe outcomes are not only
associated with infection, but also with age, male sex
and chronic cardiometabolic conditions [4]. The effect
on hospitalisation is particularly important in Saudi
Arabia where the prevalence of diabetes is already high.
Saudi evidence suggests older adults with diabetes have
higher odds of being hospitalised especially when they
have higher HbA1c and comorbidities such as
hypertension, cardiovascular disease, cerebrovascular
disease, chronic lung disease, chronic kidney disease,
malignancy or insulin-treated diabetes [29], [32].

This underscores an important clinical message:
diabetes increases the risk of hospitalisation, but the
risk is amplified in the setting of poor glycaemic
control and multimorbidity. Similar trends are seen for
ICU admission and death. Internationally, evidence is
consistent that diabetes is over-represented among ICU
patients and among those with ARDS or death [4]. The
Saudi data are consistent with this pattern of more
severe symptoms, worse metabolic profile and higher
mortality among patients with diabetes, with effect size
varying by hospital and study design [29]. Glycemic
control seems to be an important risk modifier, perhaps
more informative than diabetes status alone. A living
meta-analysis showed that higher HbA1c was
associated with increased severity and mortality in
COVID-19 [31]. In particular, each increase of
20mmol/mol in HbA1c was associated with an
increased risk of severe COVID-19, and admission
hyperglycemia was also strongly associated with poor
outcomes [31]. The Saudi evidence is more limited but
suggests the same trend with higher HbA1c associated
with higher risk of hospitalisation and worse outcomes
[31]. The prevalent concurrent conditions of obesity
and hypertension in Saudi Arabia contribute to the
association of diabetes with severe COVID-19 through

the common metabolic pathway. Diabetes is common
in Saudi Arabia and is associated with excess
adiposity, high blood pressure, dyslipidaemia and
insulin resistance. This clustering may worsen the
outcomes of COVID-19 through endothelial
dysfunction, chronic inflammation, impaired immune
responses and decreased cardiopulmonary reserve
[31]. Saudi lockdown and telemedicine studies also
show that obesity and hypertension were highly
prevalent among diabetic cohorts during the
pandemic, indicating that many patients entered the
pandemic with a high-risk cardiometabolic profile
[33]. Internationally, diabetes is clearly linked to
higher risks of severe COVID-19, ICU admission,
ARDS, and death [4], [7]. Many studies were single-
centre, retrospective, and hospital-based, which may
overstate the apparent burden of diabetes. Cohorts
also differed in severity, admission criteria, outcome
definitions, and adjustment for confounders. This
matters because exposures such as insulin use may
reflect more advanced diabetes rather than a direct
harmful effect of insulin itself [31]. The key clinical
message is that diabetes is a significant risk factor for
severe COVID-19 in Saudi, but its effect is not
uniform. Risk is higher when diabetes is poorly
controlled, advanced, or combined with obesity,
hypertension, kidney disease, and older age. This
makes diabetes severity and cardiometabolic
clustering central to risk assessment in Saudi COVID-
19 patients.

5. CLINICAL OUTCOMES AND
COMPLICATIONS
The clinical course of COVID-19 is generally more
severe in people with diabetes. This pattern was
consistent across hospital cohorts, ICU populations
and mortality analyses. Diabetes is associated with
more inflammation, more organ dysfunction and poor
clinical recovery. A review showed that diabetes was
associated with higher mortality, more severe
COVID-19, higher risk of acute respiratory distress
syndrome and increased disease progression [8]. One
of the main complications is acute respiratory distress
syndrome. This is biologically plausible as diabetes is
associated with impaired innate and adaptive
immunity, and chronic low-grade inflammation,
endothelial dysfunction and oxidative stress [8], [34].
These baseline abnormalities can predispose to
increased lung injury if SARS-CoV-2 triggers a
robust inflammatory response [35]. It can result in
diffuse alveolar damage, hypoxaemia, respiratory
failure, and increased requirement for oxygen
escalation, non-invasive ventilation, mechanical
ventilation, and ICU care [4]. Acute another
important complication is kidney injury. In diabetes,
the kidneys may already be at risk due to
microvascular disease, chronic inflammation and pre-
existing chronic kidney disease. COVID-19 can cause
further injury through dehydration, systemic
inflammation, endothelial injury, coagulopathy,
haemodynamic instability, and possible direct tubular
injury. Hospitalised COVID-19 patients often report
severe outcomes of acute kidney injury, more often in
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those with diabetes or chronic kidney disease [4]. This
is of clinical importance, as acute kidney injury impacts
fluid strategy, insulin requirements, medication dosing
and prognosis. Cardiovascular complications are of
frequent clinical importance. Endothelial dysfunction,
dyslipidaemia, and cardiometabolic stress are often
present in people with diabetes who present with
COVID-19 [36]. This background risk may play a role
in myocardial injury, arrhythmia, heart failure
decompensation, thrombotic
events, and haemodynamic instability during acute
infection. Cardiovascular disease and heart failure have
been repeatedly identified as predictors of poor
outcomes and mortality among patients with diabetes
and COVID-19 [31]. Mechanistically, inflammation,
coagulopathy, hypoxaemia, and pre-existing vascular
injury may all converge in a single patient [34]. Acute
metabolic emergencies have also been seen during the
pandemic [36], [37]. Diabetic ketoacidosis and
hyperosmolar hyperglycaemic state were seen in
patients with known diabetes and, in some instances, as
the initial presentation of previously undiagnosed or
newly emergent dysglycemia [29], [38], [39]. These
events may be due to stress hyperglycemia, insulin
resistance, decreased intake, dehydration, delayed
medical evaluation, steroid exposure and possible
pancreatic beta-cell injury. There is emerging evidence
that SARS-CoV-2 infection may also be associated
with new-onset diabetes or worsening glycaemic
control, but the causal pathways are still under
investigation [11]. These acute metabolic complications
have immediate clinical implications. Severe
hyperglycemia, insulin deficiency, severe infection,
dehydration or late access to care should be expected to
have diabetic ketoacidosis and hyperosmolar
hyperglycaemic state [39]. It is important to monitor
pH, ketones, beta-hydroxybutyrate, renal function and
electrolytes early. Insulin remains the main therapy in
these acute metabolic states. The long-term effects are
less well defined but are still clinically significant.
Post-COVID conditions in people with diabetes may
include fatigue, reduced physical capacity,
psychological symptoms, worsening glucose control,
and possible cardiovascular or renal sequelae. Post-
discharge metabolic follow-up is supported by evidence
from large cohort and meta-analytic studies that show
an increased risk of incident diabetes after COVID-19
[11]. Therefore, diabetic patients should be evaluated
for recovery not only by hospital discharge, but also by
structured follow-up of metabolic, renal, cardiovascular
and psychological outcomes. There are many recurrent
predictors of mortality across studies. Older age,
obesity, chronic kidney disease, cardiovascular disease,
heart failure and hypertension are consistently
associated with worse outcomes [31]. In addition,
laboratory markers such as elevated CRP, abnormal
liver enzymes, leukocyte changes, and lymphopenia
have been associated with poor prognosis in COVID-19
[8]. Another important factor is glycaemic control.
However, some studies showed that HbA1c is a good
predictor and some studies showed that admission
glucose and acute inflammatory markers are more
predictive than long-term glycaemic history. This

suggests that outcomes are affected by both chronic
glucose exposure and acute metabolic instability, but
through different mechanisms.

6. IMPACT OF COVID-19 ON DIABETES
MANAGEMENT
The COVID-19 pandemic affected diabetes
management in Saudi Arabia in addition to the risk of
infection per itself. It was disruptive to the daily
routines of patients and healthcare workers, disrupted
their regular care, and added new stressors [17]. For
many with diabetes, management became more
difficult as the systems that support control-regular
clinic visits, stable routines, physical activity,
education and monitoring-were disrupted. Saudi
Arabia: Lifestyle changes and psychological burden
were linked to lockdown in adults with type 1 and
type 2 diabetes [14], [40]. Saudi Gradual restrictions
from March 2020 in Arabia were important for
infection control but also impacted chronic disease
management. A national survey of adults with
diabetes in Saudi Arabia identified decreased physical
activity, changes in diet, depression, psychological
stress, and changes in the timing, content, and number
of meals [14], [40]. Physical activity decreased
especially in people with type 1 diabetes [14], [40],
[41]. These findings are important because diabetes
management is largely dictated by daily routines.
Treatment is regular meals, movement, sleep and
glucose monitoring-not additions to lifestyle. The
Jeddah study demonstrated a similar pattern [40].
Only 49.6% of the participants reported regular blood
glucose monitoring during lockdown and many
reported changes in eating habits, sleep disturbance
and fear of infection [42]. The lockdown did not
simply restrict mobility in practice but disrupted the
daily routines that enabled effective self-management.
It also disrupted routine healthcare during the
pandemic. Diabetes care often involves repeated
outpatient visits, laboratory follow-up, medication
review, and patient education. During the pandemic,
there was specific guidance issued by national
authorities for diabetes and telehealth services
expanded rapidly in order to maintain continuity of
care [29]. Digital tools and apps provided access to
services, communication and triage, helping prevent a
total collapse of chronic disease care. However, the
resilience was short. Remote care-maintained contact
with many patients but could not replace structured
chronic disease management. Mean HbA1c in a large
Saudi multicentre telemedicine study of 4,266
patients with type 2 diabetes increased marginally
from 8.52% pre-lockdown to 8.68% post-lockdown
[43], [44]. About 24.9% of patients improved at least
0.5%, and 36.9% worsened at least 0.5% [33], [43],
[45]. While 63.1% improved or remained stable,
overall glycaemic control remained suboptimal
highlighting the fact that telemedicine helped prevent
more severe care disruption but was not enough to
ensure good control for all patients [41], [45].
Another layer is added by medication adherence. The
pandemic disrupted access to drugs and continuity of
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treatment in many settings globally. Evidence from
Saudi Arabia suggests a more stable pharmaceutical
environment. In Jeddah study, strict adherence to their
prescribed medications was reported by 59.4% of
participants and most did not have significant difficulty
in obtaining medications or glucose monitoring
supplies [40], [42]. However, adherence to medication
alone was not enough to achieve overall control of
diabetes. Many patients struggled with exercise, diet,
self-monitoring and psychological stress, but were
adherent. This may account for the mixed glycaemic
outcomes rather than uniformly poor outcomes during
the pandemic. International studies reported mixed
effects of lockdown on glycaemic control with some
populations worsening and others stable or improving
with baseline control, family support, self-management
and access to care [46]. The Saudi findings seem in line
with this larger pattern. The pandemic did not affect all
patients equally. Some patients deteriorated, some
remained stable and a smaller group improved, perhaps
due to remote care, family support or more structured
home routines compensating for decreased access to
clinics. Saudi Arabia showed moderate but meaningful
resilience compared with international evidence. The
country avoided serious medication shortages and total
service collapse, adopted telemedicine at a relatively
early stage, and supported continuity through national
guidance and digital tools. The more challenging
aspects of diabetes management, however, were
behavioural stability, education, routine monitoring and
ongoing glycaemic control. This moves the
conversation beyond access alone, to quality and
continuity of management of chronic disease.

7. DIGITAL HEALTH IN DIABETES CARE
DURING COVID-19
The pandemic forced diabetes care in Saudi Arabia to
be more digital. This shift was driven out of necessity
in response to lockdowns, infection risk and limited
face-to-face visits. Telemedicine went from a
supplemental option to an essential tool. Saudi
evidence suggests that remote consultations were used
for both existing and newly diagnosed diabetes and
almost 60,000 patients had benefited from these
services in the Kingdom by August 2020 [29]. A key
component was the roll-out of virtual clinics. Saudi
health care teams rapidly set up telemedicine pathways
for diabetes care during the outbreak, and local
evidence suggests that this approach helped to keep
treatment going when routine clinic visits were
curtailed [47]. The large Saudi multicentre study on
telemedicine during lockdown revealed widespread
adoption of virtual clinics within Ministry of National
Guard Health Affairs hospitals [43], [47]. Although
glycaemic control did not improve uniformly,
telemedicine likely prevented more severe disruption in
follow-up. Digital care was thus useful but not a full
replacement for structured in-person chronic disease
management. Another part was remote monitoring,
especially glucose monitoring. The reason why this
mattered is explained in the broader diabetes-COVID
literature. Continuous glucose monitoring decreased
contact points between patients and healthcare

providers, facilitated outpatient care and improved
remote decision-making [8], [48]. It also allowed for
closer monitoring of glucose in isolation settings and
provided a reduction in the need for invasive bedside
testing. Telemedicine and remote glucose monitoring
were particularly pertinent for insulin users and those
needing close surveillance [48]. Saudi Arabia also
enjoyed national digital initiatives. Mobile
applications such as Seha, Mawid, and Tawakkalna
have helped in teleconsultation, access to
appointments, tracking of COVID-19 and public
health control during the pandemic [29]. The
widespread expansion of digital health has been
facilitated by the national e-health transformation
agenda and Vision 2030. A Saudi systematic review
showed that the Sehhaty platform has more than 24
million users, which means the government has
invested a lot in the platform and the public widely
adopted it. Access to eHealth, reduced exposure to
infection and supported continuity of care. The Saudi
systematic review found moderate certainty evidence
for improvement of HbA1c and medication adherence
with digital interventions especially mobile
applications and SMS support. However, it’s not
without its challenges. Telemedicine cannot substitute
for physical examination, and barriers such as internet
quality, device cost, lower rural adoption, and
variable digital literacy may limit its reach [49].
Long-term engagement also is grown up.

8. COVID-19 VACCINATION IN PATIENTS
WITH DIABETES
Vaccination quickly became a key protective measure
for people with diabetes during the pandemic.
Diabetes has consistently been associated with more
severe COVID-19, higher complication rates, and
increased mortality [4], [50]. During the pandemic,
review articles recommended prioritizing individuals
with diabetes for vaccination regardless of diabetes
type and integrating vaccination into routine risk
management rather than treating it as optional [48].
An initial concern was whether people with diabetes
would mount a weaker immune response to COVID-
19 vaccines. Although evidence was limited in 2021,
it was reassuring. A review reported largely similar
humoral responses to several SARS-CoV-2 antigens
in patients with and without diabetes [48]. These
findings fit the concept that diabetes is not a major
barrier to an effective vaccine-induced immune
protection in most patients. Vaccine effectiveness in
diabetes depends not only on antibody production but
also on whether vaccination prevents severe disease
in a high-risk population. The broader literature
suggests that vaccination remains effective and
clinically valuable for people with diabetes, although
mechanistic evidence is less complete than outcome-
based evidence [48]. The quality of evidence varies,
as early studies were mainly observational rather than
randomized diabetes-specific vaccine trials, limiting
precision when comparing type 1 and type 2 diabetes
or well-controlled and poorly controlled disease [5],
[48]. Evidence on breakthrough infections in diabetes
remains limited in the Saudi-specific literature. The
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existing reviews focus more on severity reduction,
prioritization and rollout than detailed breakthrough
infection analysis [29], [48]. This remains an important
gap because breakthrough risk depends on overlapping
factors, including age, obesity, kidney disease, immune
status, time since vaccination, and variant type.
Diabetes may therefore operate within a broader
cardiometabolic risk profile rather than acting alone.
The Saudi vaccination strategy was early and structured.
A review in Saudi Arabia said the Pfizer-BioNTech
vaccine was approved in mid-December 2020, and the
Oxford-AstraZeneca vaccine was approved in February
2021. Vaccines were provided free of charge to citizens
and expats, with priority given to high-risk groups,
including people with diabetes [29]. As of July 15,
2021, over 21.5 million doses had been administered in
587 sites across the Kingdom [29]. Safety concerns
should be interpreted cautiously. A Saudi systematic
review reported a small number of autoimmune
diabetes cases after COVID-19 vaccination, often in
genetically predisposed individuals, and concluded that
the overall benefits of vaccination strongly outweigh
the potential risks [51]. Case reports are useful for
signal detection, but they provide weak evidence for
causality. COVID-19 vaccination for patients with
diabetes is therefore supported by a favourable risk-
benefit balance. The strongest evidence indicates
protection against severe outcomes, while data on
diabetes-specific immune responses and breakthrough
infections remain less complete. Saudi Arabia’s
vaccination strategy was swift, targeted, and consistent
with the increased risks for people with diabetes.

9. HEALTHCARE SYSTEM IMPACT AND
POLICY IMPLICATIONS
The pandemic challenged the control of infection in
Saudi Arabia and exposed the strengths and weaknesses
of its health system, especially in diabetes care. The
COVID-19 pandemic demonstrated the resilience and
adaptability of the system but also exposed the fragility
of managing chronic diseases. In policy terms, the
Saudi response demonstrated institutional capacity but
also demonstrated that emergency preparedness is not
the same as chronic disease readiness. Saudi responded
swiftly with national guidance, digital tools and service
reorganisation. Diabetes-specific guidance was issued
by national bodies and telehealth platforms expanded
rapidly to facilitate continuity of care [29]. Saudi
Arabia tried to tackle both at the same time, unlike
many systems that initially focused on infection control
and then dealt with the disruption to chronic disease.
Another strength was digital governance. Platforms and
mobile applications were used to track infections,
access care, remote consultations and follow-ups.
These were further complemented with Vision 2030
reforms and the broader digital health agenda. The
pandemic also highlighted critical gaps in chronic
disease care. Access to medication remained stable, but
the ability to maintain structured diabetes management
was harder to maintain. Routine follow-up, laboratory
tests, physical activity, dietary stability, and patient
education all decreased during the pandemic [14]. A
health system can dispense prescriptions, and still not

keep control of diseases. Diabetes control is a
function of continuity and not merely availability of
medication. This is also reflected in the wider chronic
care literature. Reviews of Saudi pharmacy and
chronic disease management show a transition to
patient-centered, team-based care, but structural
barriers exist including workforce shortages, variable
implementation, and limited operational structures for
expanded multidisciplinary roles [52]. The COVID-
19 experience demonstrates that these are not trivial
administrative issues. Clinics are in chaos and the
system is relying on chemists, telehealth teams,
primary care networks, data systems and more to take
the pressure. This is a direct tie to resource allocation.
The challenge for Saudi Arabia is not simply to spend
more, but to spend better. The country is facing a
considerable burden of chronic diseases such as
diabetes, obesity and hypertension which is placing
pressure on hospitals and specialist clinics [52]. The
pandemic experience suggests resources should
support not only tertiary acute care but also primary
care continuity, remote monitoring, medication
management, digital literacy and chronic disease
follow-up. Preparedness for future pandemics,
therefore, must go beyond stockpiles and hospital
beds. It should include population health intelligence,
real time monitoring of chronic disease, and risk
stratification. This is reflected in the Saudi Population
Health Observatory. It was meant to improve disease
burden tracking, consolidate national data sources,
support policy implementation and allow AI-driven
forecasting and targeted interventions [53], [54]. This
is a transition from reactive healthcare to predictive
and population planning. However, the Population
Health Observatory review also highlights persistent
challenges such as fragmented data, inconsistent data
quality, gaps in digital infrastructure and unclear
governance between institutions [53]. For data
systems to be transformative, they must be
interoperable, trusted and action-oriented. Otherwise,
they tend to be descriptive, rather than operationally
useful. Diabetes and other chronic diseases must be a
core part of emergency planning for Saudi Arabia’s
future readiness, not an afterthought. Resilience in the
face of future large-scale disruptions will require
stronger primary care and multidisciplinary teams, as
well as home-based monitoring and integrated data
systems.

10. CONCLUSION
The evidence reviewed here indicates that diabetes
mellitus was a common comorbidity during the
COVID-19 pandemic in Saudi Arabia and a major
determinant of vulnerability. Diabetes was associated
with higher rates of hospitalisation, ICU admission,
acute respiratory distress syndrome, acute kidney
injury, cardiovascular events, metabolic crises
(diabetic ketoacidosis and hyperosmolar
hyperglycaemic state) and death [4]. These results
were driven by diabetes itself, but also by poor
glycaemic control, obesity, hypertension, kidney
disease, and older age [31]. The pandemic also
revealed weaknesses in diabetes management, such as
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how lockdowns disrupted diet, reduced physical
activity, increased psychological stress and challenged
routine self-care [14]. Saudi Arabia showed strong
resilience in its systems by quickly issuing guidance,
ramping up telemedicine, using digital platforms and
rolling out vaccination [29]. However, the experience
has also revealed inadequacies in chronic disease
continuity, risk assessment and integrated long-term
care. This is particularly relevant as Saudi Arabia
entered the pandemic with a high rate of diabetes and
metabolic disorders. Diabetes preparedness should
therefore be considered a national public health priority
and not a narrow speciality concern. "Moving forward,
we will need stronger primary care, better remote
monitoring, interoperable health data and active
population health approaches.

REFERENCES
[1] R. Li et al., “Global Diabetes Prevalence in
COVID-19 Patients and Contribution to COVID-19–
Related Severity and Mortality: A Systematic Review
and Meta-analysis,” Diabetes Care, vol. 46, no. 4, pp.
890–897, Apr. 2023, doi: 10.2337/dc22-1943.
[2] M. Allan et al., “Correction to: The World
Health Organization COVID-19 surveillance database,”
Int. J. Equity Health, vol. 22, no. 1, p. 95, May 2023,
doi: 10.1186/s12939-023-01870-1.
[3] M. Allan et al., “The World Health Organization
COVID-19 surveillance database,” Int. J. Equity Health,
vol. 21, no. S3, p. 167, Nov. 2022, doi:
10.1186/s12939-022-01767-5.
[4] A. Abdi, M. Jalilian, P. A. Sarbarzeh, and Z.
Vlaisavljevic, “Diabetes and COVID-19: A systematic
review on the current evidences,” Diabetes Res. Clin.
Pract., vol. 166, p. 108347, Aug. 2020, doi:
10.1016/j.diabres.2020.108347.
[5] R. Li et al., “Global Diabetes Prevalence in
COVID-19 Patients and Contribution to COVID-19–
Related Severity and Mortality: A Systematic Review
and Meta-analysis,” Diabetes Care, vol. 46, no. 4, pp.
890–897, Apr. 2023, doi: 10.2337/dc22-1943.
[6] A. Abdi, M. Jalilian, P. A. Sarbarzeh, and Z.
Vlaisavljevic, “Diabetes and COVID-19: A systematic
review on the current evidences,” Diabetes Res. Clin.
Pract., vol. 166, p. 108347, Aug. 2020, doi:
10.1016/j.diabres.2020.108347.
[7] I. Huang, M. A. Lim, and R. Pranata, “Diabetes
mellitus is associated with increased mortality and
severity of disease in COVID-19 pneumonia –A
systematic review, meta-analysis, and meta-
regression,” Diabetes & Metabolic Syndrome: Clinical
Research & Reviews, vol. 14, no. 4, pp. 395–403, Jul.
2020, doi: 10.1016/j.dsx.2020.04.018.
[8] R. Pranata, J. Henrina, W. M. Raffaello, S.
Lawrensia, and I. Huang, “Diabetes and COVID-19:
The past, the present, and the future,” Metabolism, vol.
121, p. 154814, Aug. 2021, doi:
10.1016/j.metabol.2021.154814.
[9] J. Zhang et al., “Impact of COVID-19 infection
on mortality, diabetic complications and
haematological parameters in patients with diabetes
mellitus: a systematic review and meta-analysis,” BMJ
Open, vol. 15, no.3, p. e090986, Mar. 2025, doi:

10.1136/bmjopen-2024-090986.
[10] J. Zhou, Y. Wang, and R. Xu, “Association of
COVID-19 infection and the risk of new incident
diabetes: a systematic review and meta-analysis,”
Front. Endocrinol. (Lausanne)., vol. 15, Aug. 2024,
doi:10.3389/fendo.2024.1429848.
[11] J. Zhou, Y. Wang, and R. Xu, “Association of
COVID-19 infection and the risk of new incident
diabetes: a systematic review and meta-analysis,”
Front. Endocrinol. (Lausanne)., vol. 15, Aug. 2024,
doi: 10.3389/fendo.2024.1429848.
[12] M. Jarrar et al., “Prevalence of Type 2 Diabetes
Mellitus in the General Population of Saudi Arabia,
2000–2020,” Saudi J. Med. Med. Sci., vol. 11, no. 1,
pp.1–10,Jan. 2023doi:10.4103/sjmms.sjmms_394_22.
[13] A. A. Robert, A. Al Saeed, and M. A. Al
Dawish, “COVID-19 among people with diabetes
mellitus in Saudi Arabia: Current situation and new
perspectives,” Diabetes & Metabolic Syndrome:
Clinical Research & Reviews, vol. 15, no. 5, p.
102231, Sep. 2021, doi: 10.1016/j.dsx.2021.102231.
[14] N. M. Al-Daghri et al., “COVID-19 Lockdown
and Lifestyle Changes in Saudi Adults With Types 1
and 2 Diabetes,” Front. Public Health, vol. 10, Jul.
2022, doi: 10.3389/fpubh.2022.912816.
[15] V. Musche et al., “Covid-19-related fear, risk
perception, and safety behavior in individuals with
diabetes,” Healthcare (Switzerland), vol. 9, no. 4,
2021, doi: 10.3390/HEALTHCARE9040480.
[16] B. Fatani et al., “Behavioral Changes in
Patients With Diabetes During the COVID-19
Pandemic in Saudi Arabia: A Cross-Sectional Study,”
Cureus, vol.
15,no.2,p.e34956,Feb.2023,doi:10.7759/CUREUS.34
956.
[17] Y. Hosomi et al., “The effect of COVID-19
pandemic on the lifestyle and glycemic control in
patients with type 1 diabetes: a retrospective cohort
study,” Diabetol. Int., vol. 13, no. 1, pp. 85–90, Jan.
2022, doi: 10.1007/S13340-021-00507-4.
[18] International Diabetes Federation, “Saudi
Arabia - International Diabetes Federation”
[19] Saudi Arabia Diabetes Trends & Insights,
“Diabetes Atlas, from the International Diabetes
Federation.” Accessed: Oct. 13, 2025.
[20] K. Khalid, M. F. Lee, and A. A. A. A. El-Aal,
“Association between diabetes mellitus and COVID-
19 severity in hospitalized adults: A systematic
review and meta-analysis,” Discover Public Health,
vol. 23, no. 1, p. 339, Mar. 2026, doi:
10.1186/s12982-026-01644-4.
[21] A. A. Robert, A. Al-Dawish, M. Mujammami,
and M. A. Al Dawish, “Type 1 Diabetes Mellitus in
Saudi Arabia: A Soaring Epidemic,” Int. J. Pediatr.,
vol. 2018, pp. 1–9, 2018, doi: 10.1155/2018/9408370.
[22] A. Mohieldein et al., “Prediabetes in adult
Saudis: a systematic review &amp; meta-analysis of
prevalence studies (2000–2024),” PeerJ, vol. 13, p.
e19778, Aug. 2025, doi: 10.7717/peerj.19778.
[23] V. Salem, N. AlHusseini, H. I. Abdul Razack,
A. Naoum, O. T. Sims, and S. A. Alqahtani,
“Prevalence, risk factors, and interventions for
obesity in Saudi Arabia: A systematic review,”



European Journal of Prosthodontics and Restorative Dentistry (2026) 34 (4s), 20-30

EJPRD • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • P29
Copyright ©2026 by Riset Publishing Services LLC.ejprd.org - Published by Riset Publishing Services LLC

Obesity Reviews, vol. 23, no. 7, Jul. 2022, doi:
10.1111/obr.13448.
[24] M. M. Al Eissa et al., “The role and future of the
population health observatory: advancing public health
intelligence in Saudi Arabia,” Front. Public Health,
vol.14, Feb. 2026, doi:10.3389/fpubh.2026.1758899.
[25] Z. S. Natto and H. K. Alshaeri, “Characteristics
of First Cases of Coronavirus Disease 2019 and the
Effort to Prevent the Early Spread of COVID-19 in
Saudi Arabia,” Risk Manag. Healthc. Policy, vol.
Volume 14, pp. 315–321, Jan. 2021, doi:
10.2147/RMHP.S278394.
[26] M. Amamou and K. Ben-Ahmed,“Managing the
COVID-19 pandemic in thirty-two policy measures in
Saudi Arabia: A mixed-methods analysis,” J. Infect.
Public Health, vol. 16, no. 10, pp. 1650–1658, Oct.
2023, doi: 10.1016/j.jiph.2023.08.008.
[27] I. Salomon, “Saudi Arabia’s Middle East
respiratory syndrome Coronavirus (MERS-CoV)
outbreak: consequences, reactions, and takeaways,”
Annals of Medicine & Surgery, vol.86, no.8, pp. 4668–
4674,Aug.2024, doi:10.1097/MS9.0000000000002336.
[28] D. Alrazeeni, “Knowledge, attitude, and practice
toward COVID-19 among paramedics in Saudi Arabia:
Implications for educational program,” International
Journal of ADVANCED AND APPLIED SCIENCES,
vol. 8, no. 3, pp. 71–77, Mar. 2021, doi:
10.21833/ijaas.2021.03.010.
[29] A. A. Robert, A. Al Saeed, and M. A. Al Dawish,
“COVID-19 among people with diabetes mellitus in
Saudi Arabia: Current situation and new perspectives,”
Diabetes & Metabolic Syndrome: Clinical Research &
Reviews, vol. 15, no. 5, p. 102231, Sep. 2021, doi:
10.1016/j.dsx.2021.102231.
[30] D. of P. Health. S. G. H. R. Sdg. & W. 100 C.
Indicators. R. M. of H. Ministry of Health (KSA),
“Saudi Global Health Report: SDGs & WHO 100 Core
Indicators Deputyship of Population Health Global
Health Affairs,” Aug. 2025.
[31] S. Schlesinger et al., “Risk phenotypes of
diabetes and association with COVID-19 severity and
death: an update of a living systematic review and
meta-analysis,” Diabetologia, vol. 66, no. 8, pp. 1395–
1412, Aug. 2023, doi: 10.1007/s00125-023-05928-1.
[32] A. M. Alguwaihes et al., “Diabetes and Covid-
19 among hospitalized patients in Saudi Arabia: a
single-centre retrospective study,” Cardiovasc.
Diabetol., vol. 19, no. 1, p. 205, Dec. 2020, doi:
10.1186/s12933-020-01184-4.
[33] A. M. Tourkmani et al., “A Hybrid Model of In-
Person and Telemedicine Diabetes Education and Care
for Management of Patients with Uncontrolled Type 2
Diabetes Mellitus: Findings and Implications from a
Multicenter Prospective Study.,” Telemed. Rep., vol. 5,
no. 1, pp. 46–57, Feb. 2024, doi:
10.1089/tmr.2024.0003.
[34] A. Kyriacou, E. Melson, W. Chen, and P.
Kempegowda, “Is immune checkpoint inhibitor-
associated diabetes the same as fulminant type 1
diabetes mellitus?,” Clinical Medicine, Journal of the
Royal College of Physicians of London, vol. 20, no. 4,
pp. 417–423, Jul. 2020, doi: 10.7861/CLINMED.2020-
0054.

[35] Z. Shi and L. F. Wang, Evolution of SARS
Coronavirus and the relevance of modern Molecular
Epidemiology, First Edit. Elsevier Inc., 2011. doi:
10.1016/B978-0-12-384890-1.00027-3.
[36] A. E. Kitabchi, G. E. Umpierrez, J. M. Miles,
and J. N. Fisher, “Hyperglycemic crises in adult
patients with diabetes,” Diabetes Care, vol. 32, no. 7,
pp. 1335–1343, Jul. 2009, doi: 10.2337/DC09-9032.
[37] T. Islam, K. Sherani, S. Surani, and A. Vakil,
“Guidelines and controversies in the management of
diabetic ketoacidosis – A mini-review,” World J.
Diabetes, vol. 9, no. 12, pp. 226–229, Dec. 2018, doi:
10.4239/WJD.V9.I12.226.
[38] E. M. Hassan et al., “Overlap of diabetic
ketoacidosis and hyperosmolar hyperglycemic state,”
World J. Clin. Cases, vol. 10, no. 32, p. 11702, Nov.
2022, doi: 10.12998/WJCC.V10.I32.11702.
[39] F. J. Pasquel and G. E. Umpierrez,
“Hyperosmolar hyperglycemic state: A historic
review of the clinical presentation, diagnosis, and
treatment,” Diabetes Care, vol. 37, no. 11, pp. 3124–
3131, Nov. 2014, doi: 10.2337/DC14-0984.
[40] R. Alshareef, A. Al Zahrani, A. Alzahrani, and
L. Ghandoura, “Impact of the COVID-19 lockdown
on diabetes patients in Jeddah, Saudi Arabia,”
Diabetes and Metabolic Syndrome: Clinical Research
and Reviews, vol. 14, no. 5, pp. 1583–1587, Sep.
2020, doi: 10.1016/J.DSX.2020.07.051.
[41] S. K. Alharthi, E. Y. Alyusuf, A. M.
Alguwaihes, A. Alfadda, and M. E. Al-Sofiani, “The
impact of a prolonged lockdown and use of
telemedicine on glycemic control in people with type
1 diabetes during the COVID-19 outbreak in Saudi
Arabia,” Diabetes Res. Clin. Pract., vol. 173, Mar.
2021, doi: 10.1016/j.diabres.2021.108682.
[42] A. Alshaikh et al., “COVID-19 pandemic
effects on diabetic patients in Jeddah, Saudi Arabia,”
International Journal of Medicine in Developing
Countries, pp. 1912–1917, 2020, doi:
10.24911/IJMDC.51-1601567409.
[43] A. M. Al-Mutairi, M. A. Alshabeeb, S.
Abohelaika, F. A. Alomar, and K. R. Bidasee,
“Impact of telemedicine on glycemic control in type 2
diabetes mellitus during the COVID-19 lockdown
period,” Front. Endocrinol. (Lausanne)., vol. 14, Feb.
2023, doi: 10.3389/fendo.2023.1068018.
[44] O. Ojo et al., “The Effects of COVID-19
Lockdown on Glycaemic Control and Lipid Profile in
Patients with Type 2 Diabetes: A Systematic Review
and Meta-Analysis,” Int. J. Environ. Res. Public
Health, vol. 19, no. 3, Feb. 2022, doi:
10.3390/ijerph19031095.
[45] M. Quesada-Caballero et al., “Telemedicine in
Elderly Hypertensive and Patients with Chronic
Diseases during the COVID-19 Pandemic: A
Systematic Review and Meta-Analysis.,” J. Clin.
Med., vol. 12, no. 19, Sep. 2023, doi:
10.3390/jcm12196160.
[46] F. Dehvan, F. Qasim Nasif, S. Dalvand, D.
Ausili, A. Hasanpour Dehkordi, and R. Ghanei
Gheshlagh, “Self-care in Iranian patients with
diabetes: A systematic review and meta-analysis,”
Prim. Care Diabetes, vol. 15, no. 1, pp. 80–87, Feb.



EJPRD • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • P30
Copyright ©2026 by Riset Publishing Services LLC.ejprd.org - Published by Riset Publishing Services LLC

European Journal of Prosthodontics and Restorative Dentistry (2026) 34 (4s), 20-30

021,doi:10.1016/j.pcd.2020.08.013.
[47] A. M. Al-Mutairi, M. A. Alshabeeb, S.
Abohelaika, F. A. Alomar, and K. R. Bidasee,“Impact
of telemedicine on glycemic control in type 2 diabetes
mellitus during the COVID-19 lockdown period,” Front.
Endocrinol. (Lausanne)., vol. 14, Feb. 2023, doi:
10 3389/FENDO 2023 1068018. . . .
[48] R. Pranata, J. Henrina, W. M. Raffaello, S.
Lawrensia, and I. Huang, “Diabetes and COVID-19:
The past, the present, and the future,” Metabolism, vol.
121, p. 154814, Aug. 2021,doi:
10.1016/j.metabol.2021.154814.
[49] A. Almohammadi, S. Alsobhi, and H.
Almohammadi, “Digital health interventions for
chronic disease prevention and management in Saudi
Arabian populations: A systematic review,” Int. J.
Health Sci. (Qassim)., vol. 20, p. 111, Mar. 2026, doi:
10 25259/IJHS 372 2025. ._ _
[50] S. A. Alkhalifah, W. A. Alshahrani, A. M.
Alshehri and M S Al Yami “Clinical Outcomes with, . . ,
the Use of Dipeptidyl Peptidase-4 (DPP-4) Inhibitor
Among Patients with Diabetes Mellitus and COVID-19:
A Systematic Review of Observational Studies,” J. Clin.
Med., vol. 15, no. 6, p. 2117, Mar. 2026, doi:
10.3390/jcm15062117.
[51] A. S. Alsudais et al., “Autoimmune diabetes
mellitus after COVID-19 vaccination in adult
population: a systematic review of case reports,” BMC
Endocr. Disord., vol. 23, no. 1, p. 164, Aug. 2023, doi:
10 1186/s12902-023-01424-0. .
[52] A. Almohammadi and H. Almohammadi, “The
Role of Clinical Pharmacy in Chronic Disease
Management in Saudi Arabia,” Saudi Journal of
Clinical Pharmacy, vol. 5, no. 1, pp. 1–10, Jan. 2026,
doi: 10.4103/sjcp.sjcp_31_25.
[53] M. M. Al Eissa et al., “The role and future of the
population health observatory: advancing public health
intelligence in Saudi Arabia,” Front. Public Health, vol.
14, Feb. 2026, doi: 10.3389/fpubh.2026.1758899.
[54] A. Dawsar et al., “The role of clinical
pharmacists in chronic disease management: Review,”
Int. J. Health Sci. (Qassim)., vol. 8, no. S1, pp. 1766–
1776 Jan 2024 doi: 10 53730/IJHS V8NS1 15389, . , . . . .


	Diabetes Mellitus and COVID-19 in Saudi Arabia: Ep
	Abstract
	1.INTRODUCTION




