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ABSTRACT

Diabetes mellitus has emerged as the fastest-growing global health crisis of the 21st century, with the Middle East
and North Africa region exhibiting the highest prevalence worldwide. As future healthcare professionals, medical
students play a crucial role in addressing this challenge, making it essential to assess, update, and strengthen their
knowledge of the disease. During the Syrian conflict, a cross-sectional survey was conducted at the Syrian Private
University (SPU) in Damascus in November 2019, coinciding with World Diabetes Day. Participants completed
self-administered questionnaires, and the resulting data were analyzed using SPSS version 25.0 (SPSS Inc., USA).
Among the 275 participants, 74 (26.9%) were preclinical students and 201 (73%) were clinical students, with a
mean age of 21.9 + 3.7 years. Of these, 67 students (25.0%) were classified as overweight, and 26 (9.7%) as obese.
Overall, students demonstrated good knowledge regarding the clinical features, risk factors, and complications of
diabetes; however, gaps were observed in their understanding of general information and diagnostic criteria.
Students in clinical years (4th—6th) exhibited significantly higher awareness compared to those in preclinical years
(1st-3rd). Medical students exhibited certain gaps in their knowledge and awareness of diabetes mellitus.
Comprehensive health education programs are needed to enhance their ability to recognize and manage the disease
effectively, while also fostering the adoption of healthy lifestyle behaviors.
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Introduction

Diabetes mellitus (DM) comprises a group of metabolic disorders marked by persistent hyperglycemia and is
classified into three main subtypes: type 1 DM, type 2 DM—which accounts for approximately 90% of cases—
and gestational DM [1]. DM has emerged as the fastest-growing global health crisis of the 21st century [1]. In
2019, the estimated global prevalence of DM among adults was 463 million (9.3%), projected to rise to 578
million (10.2%) by 2030 [1]. Notably, half of the affected population (50.1%) remain undiagnosed, with 84.3%
of these cases occurring in low- and middle-income countries [1]. The Middle East and North Africa (MENA)
region exhibits the highest global prevalence, with 12.2% of the population affected, projected to increase to
13.3% by 2030 (age-standardized) [1].

In 2019, DM and its complications caused approximately 4.2 million deaths among adults aged 2079 years,
equivalent to one death every eight seconds [1]. The World Health Organization (WHO) and United Nations (UN)
have established global targets to improve DM care, reduce premature mortality, achieve universal health
coverage, and ensure access to essential medications by 2030 [2]. These measures are critical to providing high-
quality, affordable care and mitigating financial burdens for the projected 578 million individuals living with
diabetes [1].
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In Syria, the WHO profile for 2016 reported a DM prevalence of 11.9%, with 21.6% of the population classified
as obese and 55% as overweight [3]. These figures surpass the global averages of 13% for obesity and 39% for
overweight [4]. Additional risk factors contributing to DM include sedentary lifestyles, family history, smoking,
and environmental influences [5]. As of 2016, Syria had no operational national policies for DM monitoring,
prevention, or for controlling overweight, obesity, and physical inactivity [3].

The ongoing Syrian crisis, now in its tenth year, has significantly undermined the healthcare system. Hospitals
and clinics have been damaged or destroyed, many healthcare professionals have fled the country, and the
production and availability of medications have been drastically reduced. Alarmingly, 60% of insulin-dependent
Syrians are at risk due to the damage and cessation of the country’s sole insulin-producing facility [6].
Consequently, Syria’s healthcare system is ill-equipped to manage DM and its associated risk factors. In the
absence of national screening and prevention strategies, physicians and patient awareness remain the frontline
defense against diabetes. Training healthcare professionals to promote community-based interventions, such as
physical activity, healthy diets, and screening high-risk groups, can prevent or delay type 2 DM onset. Initiating
such training during medical school is essential for shaping future clinical practice [7].

To date, no studies have evaluated DM awareness among Syrian medical students, making this the first study
conducted during the ongoing Syrian crisis. The primary aim of this study is to assess the knowledge and
awareness of DM among medical students at the Syrian Private University (SPU). Specifically, the study seeks to
evaluate students’ understanding of risk factors, clinical features, diagnostic criteria, complications, prevention,
and treatment, and to determine whether the clinical curriculum adequately equips them to identify at-risk
individuals and intervene to delay disease progression.

Materials and Methods

Study design, setting, and participants

A cross-sectional survey was carried out at the Faculty of Medicine, Syrian Private University (SPU), Damascus,
on November 14, 2019, coinciding with World Diabetes Day. A preliminary pilot study involving 30 students was
conducted to evaluate the questionnaire’s clarity, reliability, and relevance; responses from these participants were
excluded from the main study to avoid bias. The main survey was distributed in paper format to students assembled
in the faculty hall. Participation was entirely voluntary, responses were anonymous, students were not required to
answer all questions, and they could withdraw at any stage.

The self-administered questionnaire, presented in English, was adapted from prior validated instruments [8, 9].
The first section collected socio-demographic data, including age, gender, body mass index (BMI), academic year,
residence, marital status, mother’s education, smoking and alcohol habits, and grade point average (GPA). The
second section assessed diabetes-related knowledge through 45 items grouped into seven domains: general
knowledge (4 items), risk factors (7 items), signs and symptoms (7 items), diagnosis (3 items), complications (8
items), prevention (6 items), and treatment (2 items). Ethical clearance was obtained from the Institutional Review
Board (IRB) of the Faculty of Medicine, SPU.

Reliability analysis
To assess the internal consistency of the questionnaire, Cronbach’s alpha test was performed. The Arabic version
of the questionnaire yielded a Cronbach’s alpha of 0.664, indicating an acceptable level of reliability for the
included items [10].

Statistical analysis

All data were processed using SPSS version 25.0 (SPSS Inc., Chicago, IL, USA). Categorical variables were
summarized as percentages and counts, while continuous variables were described using mean, median, and
standard deviation values. To evaluate whether knowledge differed between students in preclinical and clinical
years, comparisons were made across six domains—general knowledge, risk factors, clinical manifestations,
diagnosis, complications, treatment, and dietary aspects—using the chi-square test. Differences were considered
statistically significant at a threshold of p < 0.05.

Results and Discussion
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Socio-demographic characteristics

A total of 275 undergraduate medical students completed the questionnaire, of whom 74 (26.9%) were in
preclinical years and 201 (73%) were in clinical years, with a mean age of 21.9 + 3.7 years (range: 18—-30 years).
Most students (5 years) were aged 20-25 and 251 (91.3%) resided in urban areas. Regarding lifestyle factors, 96
students (34.9%) reported smoking, 28 (10.2%) consumed alcohol, and 144 (52.4%) engaged in regular physical
activity. Body mass index (BMI) distribution showed that 164 (61.2%) were within the normal range (18.5-24.9),
67 (25.0%) were overweight (BMI 25-29.9), and 26 (9.7%) were classified as obese (BMI >30) (Table 1).

Table 1 .Socio-demographic characteristics (n = 275).

Variable Category Frequency (n) Percentage (%)
Under 20 33 12.0
Age (years) 20-25 228 82.9
Above 25 14 5.1
Male 173 62.9
Gender Female 102 37.1
Single 242 88.0
Social Status In a relationship 26 9.5
Married 7 2.5
Yes 28 10.2
Alcohol Use NG a7 398
. . Yes 96 34.9
Smoking (Cigarette) NG 179 o1
Exercise >6.5 h per week ves 144 524
- No 131 47.6
L Yes 250 90.9
Know someone with diabetes NG 75 o1
<2.0 35 12.7
2.0-25 165 60.0
GPA 2.5-3.0 57 20.7
>3.0 18 6.5
. Urban 251 91.3
Current Residence Rural 2 57
1 29 10.5
2 9 3.3
. . 3 36 13.1
University Year 2 29 178
5th 87 31.6
6th 65 23.6
<18.5 11 4.1
18.5-24.9 164 61.2

BMI (kg/m?)

25-29.9 67 25.0
>30 26 9.7

General information and risk factors regarding DM type 1 and 2

The findings indicated gaps in understanding the etiology of diabetes mellitus. Only 181 students (65.8%)
correctly identified type 1 diabetes as insulin-dependent, while 180 students (65.5%) recognized type 2 diabetes
as characterized by insulin resistance. No significant differences were observed between preclinical and clinical
students in general knowledge regarding type 1 and type 2 diabetes (Table 2).

Table 2. General information and risk factors about DM type 1 and 2 (n = 275).
Question Pre-clinical (n=74)  Clinical (n=201) Overall P-value
Yes No Yes No
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Is type 1 DM insulin-dependent? 44 (59.5%) 30 (40.5%) 137 (68.2%) 64 (31.8%)
Is type 2 DM insulin-resistant? 50 (67.6%) 24 (32.4%) 130 (64.7%) 71 (35.3%)
Only type 1 DM presents with ketonuria? 48 (64.9%) 26 (35.1%) 87 (43.3%) 114 (56.7%)
Avre autoantibodies present in type 1 DM? 39 (52.7%) 35 (47.3%) 144 (71.6%) 57 (28.4%)

Risk Factor Pre-clinical (n=74)  Clinical (n=201) Overall P-value

Yes No Do not know Yes

Age >45 years 55 (74.3%) 7 (9.5%) 12 (16.2%) 166 (82.6%)
Obesity (BMI>30 kg/m?) 54 (73.0%) 3 (4.1%) 17 (23.0%) 187 (93.0%)
Positive family history 62 (83.8%) 3 (4.1%) 9 (12.2%) 196 (97.5%)
History of gestational diabetes 48 (64.9%) 4 (5.4%) 22 (29.7%) 153 (76.1%)
Hypertension 27 (36.5%) 18 (24.3%) 29 (39.2%) 98 (48.8%)
Carbohydrate-rich diet 49 (66.2%) 8 (10.8%) 17 (23.0%) 143 (71.1%)
Lack of physical activity 57 (77.0%) 5 (6.8%) 12 (16.2%) 159 (79.1%)

Most students, both clinical and preclinical, were able to correctly recognize key risk factors for diabetes mellitus.
Specifically, obesity was identified by 93% of clinical students and 73% of preclinical students, while a positive
family history was recognized by 97.5% and 83.3%, respectively. Similarly, lack of physical activity was
acknowledged as a risk factor by 79.1% of clinical students and 77.0% of preclinical students. In contrast, fewer
students were aware of hypertension as a risk factor, with only 45.5% of clinical and 36.5% of preclinical students
responding correctly (Table 2).

DM common clinical features

Students generally demonstrated strong recognition of diabetes mellitus symptoms. The most commonly
identified clinical signs were excessive thirst (polydipsia) in 261 students (94.9%), dry mouth in 247 (89.8%),
increased urination (polyuria) in 247 (89.8%), slow-healing wounds in 243 (88.4%), fatigue in 217 (78.9%), and
frequent infections in 184 (66.9%). However, only 152 students (55.3%) correctly reported increased appetite
(polyphagia) as a symptom. Across nearly all symptoms, clinical students exhibited significantly higher awareness
compared to preclinical students, with statistical significance observed for polyuria and polydipsia (p < 0.001),
dry mouth (p = 0.014), fatigue (p = 0.005), polyphagia (p < 0.001), delayed wound healing (p < 0.001), and
recurrent infections (p < 0.001) (Figure 1).
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Figure 1. DM common signs and symptoms among preclinical and clinical medical students.
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DM diagnosis

Regarding diabetes mellitus diagnosis, both preclinical and clinical students demonstrated considerable gaps in
knowledge. Recognition of the diagnostic criteria was limited: a fasting plasma glucose level >126 mg/dL was
correctly identified by 18 preclinical students (24.3%) and 86 clinical students (42.8%); an oral glucose tolerance
test value >200 mg/dL after 2 hours was recognized by 20 preclinical students (27.0%) and 74 clinical students
(36.8%); and an HbAlc >6.4% was reported by 30 preclinical students (40.5%) and 71 clinical students (35.3%)
(Table 3).

Table 3. Diagnosis.

Measurement Category Prt(e;]czli?rjli)c al E:I:r;gi)l TOEZLg\C/:VC;:;ECt T-test P-value
70-100 mg/dl 34 (45.9%) 74 (36.8%) 108 (39.3%)  -3.017  0.003*
Fasting Plasma 100-125 mg/dl 18 (24.3%) 28 (13.9%) 46 (16.7%)
Glucose (FPG) >126 mg/dl 18 (24.3%) 86 (42.8%) 104 (37.8%)
>140 mg/dl 4 (5.4%) 13 (6.5%) 17 (6.2%)
Oral Glucose <140 mg/dl 30 (40.5%) 76 (37.8%) 106 (385%)  -1.575  0.118
Challenge / Random 140199 mgy/d 22 (29.7%) 44 (21.9%) 66 (24.0%)
Plasma Glucose (2 >200 mg/dl 20 (27.0%) 74 (36.8%) 94 (34.2%)
hours) >400 mg/dl 2 2.1%) 7 (3.5%) 9 (3.3%)
<5.7% 10 (13.5%) 40 (19.9%) 50 (18.2%) 0.783 0.435
Hemoglobin Alc 5.7-6.4% 28 (37.8%) 69 (34.3%) 97 (35.3%)
(HbAlc) <6.4% 30 (40.5%) 71 (35.3%) 101 (36.7%)
>10% 6 (8.1%) 21 (10.4%) 27 (9.8%)

DM complications

Students generally demonstrated strong awareness of diabetes mellitus complications. Most participants correctly
identified retinopathy (254, 92.4%), limb gangrene (255, 92.7%), renal failure (248, 90.2%), hyperglycemia (238,
86.5%), peripheral neuropathy (233, 84.7%), and ketoacidosis (229, 83.3%) as potential complications. In
contrast, fewer students recognized cataract (159, 57.8%) and hypoglycemia (167, 60.7%) as associated
complications (Table 4)."

Table 4. DM complications.

Complication Pre-clinical Clinical Overall Correct Chi-square p-value
(n=74) (n=201) Answer

Yes (%) No (%) Do not know (%) Yes (%) No (%)

Retinopathy 59 (79.7%) 5 (6.8%) 10 (13.5%) 195 (97.0%) 1 (0.5%)
Cataract 23 (31.1%) 13 (17.6%) 38 (51.4%) 136 (67.7%) 26 (12.9%)

Renal failure 60 (81.1%) 6 (8.1%) 8 (10.8%) 188 (93.5%) 4 (2.0%)

Peripheral neuropathy 45 (60.8%) 7 (9.5%) 22 (29.7%) 188 (93.5%) 5 (2.5%)

Ketoacidosis 48 (64.9%) 6 (8.1%) 20 (27.0%) 181 (90.0%) 4 (2.0%)
Hypoglycemia 38 (51.4%) 29 (39.2%) 7 (9.5%) 129 (64.2%) 45 (22.4%)

Hyperglycemia 66 (89.2%) 3 (4.1%) 5 (6.8%) 172 (85.6%) 9 (4.5%)

Limb gangrene 65 (87.8%) 1 (1.4%) 8 (10.8%) 190 (94.5%) 1 (0.5%)

DM prevention

Students exhibited strong awareness of key diabetes mellitus prevention strategies. The majority recognized the
importance of a healthy diet (263, 95.6%), light physical activity (247, 89.8%), and maintaining a BMI within the
normal range (18.5-24.9) (236, 85.8%). In contrast, fewer students identified vigorous exercise (141, 51.3%) and
smoking cessation (168, 61.1%) as effective preventive measures (Figure 2).
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Figure 2. DM prevention factors among preclinical and clinical medical students.

DM treatment and diet

Clinical students demonstrated significantly greater knowledge than preclinical students regarding diabetes
mellitus management and recommended dietary practices. For insulin administration, 148 clinical students
(73.6%) correctly indicated its use, compared with 38 preclinical students (51.4%) (p = 0.001). Regarding the
recommended diet for diabetic patients—comprising 35% carbohydrates, 50% fats, and 15% protein—only 45
students (16.4%) answered correctly (p = 0.003) (Table 5)."

Table 5. DM treatment and diet.

Topic Cateqor Pre-clinical  Clinical Overall Chi- p_value
P gory (n=74) (n=201) (%) square
Insulin is Intravenous 22 (29.7%) 42(20.9%) 64 (23.3%) 16.540 <0.001*
injected Intramuscular 14 (18.9%) 11 (5.5%) 25 (9.1%)
through: Subcutaneous 38 (51.4%) 148 (73.6%) 186 (67.6%)
50% carbohydrate + 35% fats + 15% proteins 18 (24.3%) 27 (13.4%) 45 (16.4%) 9.818 0.007*
Diabetic diet

0 + 500 + 150 i .09 90 49
should include: 35% carbohydrate + 50% fats + 15% proteins 17 (23.0%) 28 (13.9%) 45 (16.4%)

15% carbohydrate + 35% fats + 50% protein 39 (52.7%) 146 (72.6%) 185 (67.3%)

With the rising global burden of diabetes mellitus (DM) and its projected prevalence, equipping future physicians
with a solid understanding of DM and its management is essential. This study represents the first assessment of
DM awareness and knowledge among medical students during the ongoing conflict in Syria. Among the
participants, 67 students (25.0%) were overweight, 26 (9.7%) were obese, and only 144 (52.4%) engaged in
regular physical activity, highlighting a concerning level of inactivity. Compared with a study in China, where
59.7% of students were physically active, 55.1% had a normal BMI, and only 2.9% were overweight [11], the
prevalence of overweight and obesity in our cohort is notably higher. This trend may reflect dietary shifts toward
high-calorie, “Western-style” foods, reduced adherence to the traditional Mediterranean diet, and changes in
domestic food production [12]. Overweight individuals and those with insufficient physical activity are at higher
risk of developing type 2 DM and other chronic conditions, underscoring the importance of targeted obesity
prevention strategies to promote healthier lifestyles and reduce future healthcare burdens [13].

Our findings indicate gaps in general DM knowledge. Understanding that type 1 DM results from insulin
deficiency and type 2 DM from a combination of insulin resistance and relative deficiency is fundamental for
diagnosis and management [1]. In our study, 181 students (65.8%) and 180 students (65.5%) correctly identified
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type 1 and type 2 DM mechanisms, respectively, which is higher than reported in a Jordanian cohort [14].
However, many students failed to recognize ketonuria as a manifestation in insulin-dependent patients, indicating
insufficient understanding of diabetic ketoacidosis (DKA) pathophysiology. While clinical students have
completed relevant theoretical courses in physiology, pathology, and pharmacology and are exposed to patients
with acute and chronic DM complications, this knowledge gap could place patients at risk and warrants additional
educational interventions.

Students demonstrated strong awareness of major DM risk factors, with most correctly identifying advanced age,
obesity, and a positive family history. These results surpass findings from studies conducted in Islamabad [8] and
the United States [15]. However, knowledge regarding a carbohydrate-rich diet and sedentary lifestyle as risk
factors was lower than reported in Southern Sri Lanka [16]. Awareness levels for most risk factors were similar
between preclinical and clinical students, likely reflecting the widespread emphasis on DM in healthcare education
and community health discussions [17].

Early recognition of clinical features is critical in preventing severe DM complications [18]. Classical symptoms
such as polyuria, polydipsia, and fatigue were well recognized, with awareness exceeding that reported in Jordan
[14], Saudi Arabia [19], Pakistan [20], and the United Arab Emirates (UAE) [21]. Recognition of delayed wound
healing, which may be overlooked in clinical practice [22], was also higher among our students compared to
studies in Pakistan [20] and the UAE [21]. Awareness of frequent infections, a consequence of DM-related
immune dysfunction [23], was similarly higher than in UAE studies [21]. Clinical students consistently
demonstrated superior knowledge relative to preclinical students, likely due to direct clinical exposure and the
timing of the endocrinology curriculum in the fifth year.

Significant deficiencies were observed in knowledge of DM diagnostic criteria among both preclinical and clinical
students. Although recognition of fasting plasma glucose, oral glucose tolerance testing, and HbAlc thresholds
was higher than in Pakistan [8], it was lower than reported in South India [24]. This highlights a concerning
knowledge gap, as timely and accurate diagnosis is crucial to initiate early interventions and prevent
complications. Notably, type 2 DM may develop 4-7 years before clinical diagnosis, with delayed recognition
often resulting from clinical inertia [25, 26].

Community-based DM prevention, through modifiable lifestyle changes, has been proven to reduce type 2 DM
incidence [27, 28]. Smoking is a known contributor to microvascular complications [29]; in our cohort, 96 students
(34.9%) smoked, and 168 (61.1%) recognized smoking cessation as a preventive strategy, consistent with findings
from India [30] and UAE [21]. Physical activity was widely acknowledged as a preventive measure, aligning with
studies from Pakistan [20], yet this awareness has not consistently translated into practice, as indicated by the low
levels of exercise among students.

Knowledge of DM complications was generally high. Students were well aware of ocular microvascular
complications, including retinopathy, cataracts, and glaucoma [31, 32], with awareness surpassing that reported
in India and Ghana [30, 33] and comparable to Saudi Arabia [9]. Recognition of diabetic nephropathy, a precursor
to chronic renal failure requiring dialysis [34], was higher than in India [30] but lower than in Saudi Arabia [9].
Peripheral neuropathy, which significantly impacts quality of life and life expectancy [35], was correctly identified
by the majority, exceeding awareness reported in Saudi Arabia and Jordan [14, 19]. These findings emphasize the
importance of DM knowledge in preventing the progression of debilitating complications.

Finally, understanding DM management was limited. Only 186 students (67.6%) knew that insulin is administered
via subcutaneous injections, highlighting a need for reinforced education. Addressing these gaps at multiple
levels—within the undergraduate curriculum and through continuing medical education—is critical to ensure
future physicians can effectively translate DM knowledge into patient care and preventive strategies.

Limitations

This study has several limitations related to its design and sampling methods. As a cross-sectional survey relying
on self-reported data, responses—particularly regarding variables such as BMI and physical activity—may have
been influenced by social desirability bias, potentially affecting the accuracy of the findings. Additionally, the
sample may not be fully representative of the broader medical student population, limiting the generalizability of
the results. Estimating sampling variability and potential biases also posed a challenge. Biochemical measures,
such as random plasma glucose, were not assessed, preventing confirmation of students’ glycemic profiles.
Moreover, the survey did not include questions regarding medications used in DM management, which could
have provided a more comprehensive understanding of student knowledge. Finally, limited published literature
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evaluating medical students’ knowledge of DM—particularly in the MENA region—makes it difficult to compare
our findings with those from other contexts.

Conclusion

The findings of this study indicate that medical students at Syrian Private University possess generally good
knowledge of diabetes mellitus, with clinical students demonstrating the highest level of awareness and preclinical
students the lowest. However, gaps were observed in understanding general information and diagnostic criteria
for DM. Enhancing medical education on screening, diagnosis, and management of diabetes is essential to
strengthen future physicians’ ability to address the growing DM burden in Syria. This could be achieved through
curriculum updates, improved teaching strategies, and collaboration with the Syrian Ministry of Education.
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