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ABSTRACT

Background: Diabetes mellitus, a prevalent endocrine disorder worldwide, has
seen an increasing global incidence in recent years, establishing it as a
significant public health issue. Notably, individuals with Type 1 Diabetes
often have a higher Body Mass Index (BMI) compared to the general
population. Objective: The study aims to evaluate the prevalence and risk
factors of overweight and obesity in adults with Type 1 Diabetes in Saudi
Arabia. Methods: A descriptive, cross-sectional web-based study was
conducted, collecting data through an online questionnaire. This tool,
designed based on literature reviews and expert consultations, gathered
information on demographics, medical history, BMI, diabetes details, dietary
habits and lifestyle. Results: Out of 250 type 1 diabetic patients aged between
18 and 45 years (mean age 26.0 + 11.8 years) who completed the survey, 187
(74.8%) were females. The study found that 29.2% were overweight and
19.6% were obese. Overweight/obesity was observed in 66.7% of smokers and
the same percentage of those who exercised at the gym. Moreover,
overweight and obesity rates were significantly higher among patients who
did not adhere to a high-fiber diet compared to those who did (66.7% vs.
46.4%, respectively; P=.049). Conclusion: The study highlighted that nearly half
of the patients with diabetes were overweight or obese. Factors such as age,
smoking and unhealthy diet correlated significantly with the obesity rate

among individuals with Type 1 Diabetes.

Keywords: Obesity, Overweight, Type 1 Diabetes Mellitus, Prevalence, Risk

Factors, Diabetes Management, Saudi Arabia.

1. INTRODUCTION

Diabetes mellitus is a pervasive endocrine disorder globally. Over recent
years, the disease's incidence has escalated, positioning diabetes as a
considerable public health challenge (Lin et al., 2020; Harding et al., 2019).
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The World Health Organization (WHO) indicates that more than 170 million people globally are diagnosed with diabetes, with
projections expecting this figure to rise to 370 million by 2030 (Al-Lawati, 2017).

Diabetes, hypertension and obesity have been recently ranked by the WHO as the top three ongoing risk factors contributing to
worldwide cardiovascular mortality. Notably, Saudi Arabia ranks second in the Middle East and seventh globally in terms of
diabetes prevalence. Around 7 million individuals in the country are diabetic, with an additional 3 million categorized as pre-
diabetic. Remarkably, the incidence of diabetes in Saudi Arabia has surged tenfold over the past three years (Al-Dawish et al., 2016).

The prevalence of obesity has been rising noticeably worldwide, affecting both developed and developing nations. Changes in
dietary habits and activity levels primarily drive this trend (Arroyo-Johnson and Mincey, 2016; Chooi et al., 2019; Gallus et al., 2015;
Alrashid et al., 2022). Obesity, a global epidemic, contributes to numerous chronic diseases, adversely affecting patients' quality of
life and causing early mortality (Alrasheed et al., 2021; Vassilopoulou et al., 2017; Aronne, 2002; Fontaine and Barofsky, 2001).
Research indicates that obesity is prevalent among 60-90% of all diabetic patients, especially those with type 2 diabetes (Halpern
and Mancini, 2005; Stumvoll et al., 2005).

The substantial rise in overweight and obesity rates affects patients with Type 1 Diabetes (T1D), making them particularly
susceptible to excess weight. Increased Body Mass Index (BMI) in T1D patients is linked with higher cardiometabolic risk and rapid
chronic complication progression compared to their lean counterparts (Corbin et al., 2018). Obesity-induced insulin resistance leads
to high insulin requirements, complicating glycemic control and weight management. A sedentary lifestyle and evolving food
habits could be the principal reasons for the escalating incidence of obesity and diabetes in both urban and rural areas of Saudi
Arabia (Al-Nuaim et al., 2012; De-Nicola et al., 2015). This study aims to evaluate the prevalence of overweight and obesity and its
associated risk factors among adults with Type 1 Diabetes in Saudi Arabia.

2. METHODOLOGY

A descriptive cross-sectional study was conducted to assess overweight and obesity among type 1 diabetic patients in Saudi Arabia.
The study included all patients who were 18 years or older, residing in Saudi Arabia and diagnosed with Type 1 Diabetes mellitus
for at least six months. The study excluded individuals who declined consent, were younger than 18 years, diagnosed with type 2
Diabetes or spoke a language other than Arabic. We developed an online questionnaire following an intensive literature review and
consultation with experts. A panel of three experts independently evaluated the questionnaire's validity, clarity and applicability,
with all suggested modifications applied until the final version was established.

The questionnaire was published on social media platforms from November 5th, 2022, to March 15th, 2023. Participants were
encouraged to participate by emphasizing data confidentiality and the study's significance to the community. The questionnaire
collected participant demographic data (age, gender, medical history, diabetes data, body mass index and habits). The second part
assessed participants' obesity risk factors, including personal exercise and dietary habits. The final section addressed the effect of
patients' weight on their daily life activities and diabetes complications. The researchers and their friends and relatives shared the

questionnaire online until no new responses were received.

Ethical Consideration
Prior to the study's commencement, we obtained approval from the Aseer Institutional Review Board (IRB), with the assigned
approval log number of REC-17-06-2022.

Data Analysis

We collected and reviewed data, which was then inputted into the Statistical Package for Social Sciences version 21 (SPSS: An IBM
Company). All statistical methods used were two-tailed with an alpha level of 0.05, considering significance if P value was less than
or equal to 0.05. Descriptive analysis was done by prescribing frequency distribution and percentage for study variables, including
patients' personal data, diabetes data, lifestyle and various obesity risk factors. The overall prevalence of overweight and obesity
among diabetic patients were graphed. Cross tabulation showed the distribution of patient's body mass index by different
demographic factors, diabetes data and other risk factors for obesity, as well as the effect of their body weight. We conducted the
Pearson chi-square test for significance and the exact probability test for small frequency distributions.

3. RESULTS

A total of 250 type 1 diabetic patients completed the study survey. Patients' ages ranged from 18 to 45 years, with a mean age of 26.0
+ 11.8 years. Of these, 187 (74.8%) were females and 227 (90.8%) were Saudi nationals. A total of 214 (85.6%) resided in urban areas,
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and 196 (78.4%) were single. Regarding educational level, 139 (55.6%) were university graduates. A total of 122 (48.8%) were
students and 53 (21.2%) were employed. A monthly income of less than 5000 SR was reported by 157 (62.8%) respondents and 215
(86%) lived with their families. In terms of obesity and overweight among type 1 diabetic patients, a total of 73 (29.2%) were
overweight and 49 (19.6%) were obese (Table 1).

Table 1 Distribution of Type 1 Diabetic patients' obesity by their socio-demographic data

Socio- Body mass index
. Total - - p-

demographic Normal weight | Overweight Obese
data No | % No % No % No | % value
Age in years
<20 76 30.4% | 42 55.3% | 23 30.3% | 11 14.5% 001*
20-29 113 | 452% | 71 62.8% | 32 28.3% | 10 8.8%
30+ 61 244% | 15 24.6% | 18 29.5% | 28 45.9%
Gender
Male 63 252% | 27 429% | 21 33.3% | 15 23.8% | .301
Female 187 | 74.8% | 101 54.0% | 52 27.8% | 34 18.2%
Nationality
Saudi 227 | 90.8% | 115 50.7% | 68 30.0% | 44 19.4% | .711
Non-Saudi 23 92% | 13 56.5% | 5 21.7% | 5 21.7%
Residence area
Urban 214 | 85.6% | 106 49.5% | 62 29.0% | 46 21.5% | .169
Rural 36 14.4% | 22 61.1% | 11 30.6% | 3 8.3%
Marital status
Single 196 | 784% | 114 58.2% | 51 26.0% | 31 15.8% 001%
Married 49 19.6% | 14 28.6% | 19 38.8% | 16 32.7%
Divorced/widow | 5 20% |0 0.0% |3 60.0% | 2 40.0%
Educational level
Below

. 101 | 40.4% | 53 52.5% | 28 27.7% | 20 19.8%
university .542
University 139 | 55.6% | 71 51.1% | 43 30.9% | 25 18.0%
Post-graduate 10 4.0% |4 40.0% | 2 20.0% | 4 40.0%
Employment
Unemployed 75 30.0% | 33 44.0% | 17 22.7% | 25 33.3% 001*
Student 122 | 488% | 73 59.8% | 38 31.1% | 11 9.0%
Employed 53 21.2% | 22 41.5% | 18 34.0% | 13 24.5%
Monthly income
<5000 SR 157 | 62.8% | 86 54.8% | 50 31.8% | 21 13.4% 001
5000-10000 SR | 56 22.4% | 34 60.7% | 9 16.1% | 13 23.2%
> 10000 SR 37 14.8% | 8 21.6% | 14 37.8% | 15 40.5%
Living with
With partner 23 92% | 6 26.1% | 13 56.5% | 4 17.4% 001%6
With family 215 | 86.0% | 116 54.0% | 60 27.9% | 39 18.1%
Alone 12 48% |6 50.0% | 0 0.0% |6 50.0%

P: Pearson X fest $: Exact probability test  * P <0.05 (significant)

Table 2 presents the distribution of obesity among Type 1 diabetic patients based on their clinical data. Patients aged more than
30 years, 75.4% were overweight/obese, compared to 44.7% of those aged less than 20 years, showing statistical significance

(P=.001). All divorced/widowed patients were overweight or obese, compared to 41.8% of single patients (P=.001). Similarly, 58.5%

Medical Science 27, €277ms3042 (2023) 30f9



ANALYSIS ARTICLE | OPEN ACCESS

of employed patients were overweight or obese, compared to 40.2% of students (P=.001). Of high-income patients, 78.4% were
obese, versus 45.2% of those with low income (P=.001).

Overweight and obesity were significantly higher among patients living with a partner (73.9%) compared to those living alone
(50%) (P=.001). Overweight/obesity was detected in 66.7% of patients on OHDs/combined with insulin, versus 46.4% of those on
insulin only (P=.001). Furthermore, 80% of patients who never assess their blood glucose level were obese, versus 43.5% who did
regularly (P=.020). Also, 60.4% of patients with diabetic complications were obese, versus 45.7% of those without (P=.049).
Overweight/obesity was detected in 58.1% of patients with other co-morbidities, versus 44.9% of others (P=.004).

Table 2 Distribution of Type 1 Diabetic patients' obesity by their diabetes clinical data

Total Body mass index
Diabetes data Normal weight | Overweight | Obese p-value
No | % No % No | % No | %
Duration of DM
<5 years 71 | 284% | 40 56.3% | 20 282% | 11 | 155% 12
5-10 years 59 | 23.6% | 32 542% |17 | 28.8% | 10 | 16.9%
> 10 years 120 | 48.0% | 56 46.7% | 36 30.0% | 28 | 23.3%
Treatment received
OHDs 12 | 4.8% 4 333% |1 83% |7 58.3% 001%
Insulin injection 220 | 88.0% | 118 53.6% | 69 314% | 33 | 15.0%
Both of them 18 | 7.2% 6 333% |3 16.7% | 9 50.0%
Blood glucose level assessment
No assessed at all 10 | 4.0% 2 200% | 5 50.0% | 3 30.0% 00"
Irregularly 79 | 316% |35 443% |21 | 26.6% | 23 | 29.1%
Regularly 161 | 64.4% | 91 56.5% | 47 | 292% | 23 | 14.3%
Blood glucose level control
Not controlled 24 | 9.6% 11 458% | 6 250% |7 29.2% 518
Partially controlled | 159 | 63.6% | 81 50.9% | 45 28.3% | 33 | 20.8%
Totally controlled 67 | 268% | 36 53.7% |22 | 32.8% |9 13.4%
HbAlc
<6.5 42 | 16.8% | 25 59.5% | 9 214% | 8 19.0%
6.5-7.5 93 | 372% | 45 48.4% | 31 33.3% | 17 | 183% | .694
7.5-9.5 85 |34.0% | 42 494% | 23 | 27.1% | 20 | 23.5%
>9.5 30 | 12.0% | 16 53.3% | 10 33.3% | 4 13.3%
Had other chronic disease
Yes 74 | 29.6% | 31 419% | 19 | 25.7% | 24 | 324% | .004*
No 176 | 70.4% | 97 551% | 54 | 30.7% | 25 | 14.2%
P: Pearson X test $: Exact probability test P <0.05 (significant)

Overweight/obesity was detected in 66.7% of smokers, versus 47.4% of non-smokers (P=.022). Also, 66.7% of patients who
exercise at a gym were obese, compared to 33.3% of others who walk (P=.027). Around 60% of patients who received advice
regarding weight control from a PHCC physician were obese, compared to 41.9% of those who did not (P=.001). Overweight and
obesity were significantly higher among patients who did not follow a high fiber diet than others who did (66.7% vs. 46.4%,
respectively; P=.049) (Table 3).

Figure 1 illustrates the distribution of BMI categories among Type 1 diabetic patients, comparing those who follow a high-fiber
diet to those who do not. The majority of patients adhering to a high-fiber diet fall within the 'Normal' BMI category (51.3%), while
those not following a high-fiber diet are most frequently categorized as 'Overweight' (43.3%). This suggests a potential association
between a high-fiber diet and healthier BMI among Type 1 diabetic patients.

Of obese patients, 18.4% reported a significant effect on their daily life activities, compared to 1.4% of overweight and 2.3% of
those with normal weight (P=.001). Also, 32.7% of obese patients had diabetic complications, in comparison to 21.9% of overweight
and 16.4% of normal weight patients (P=.049).
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Table 3 Risk factors for overweight and obesity among Type 1 Diabetic patients, Saudi Arabia

Body mass index

Risk factors fotal Normal Overweight | Obese p-value
No | % No | % No | % No | %

Smoking

Yes 18 | 72% |6 33.3% | 4 222% | 8 44.4% | .022%

No 232 | 92.8% | 122 | 52.6% | 69 29.7% | 41 17.7%

Exercises and physical activity

Yes 65 |260% |37 |569% |17 |262% |11 16.9% | .559

No 185 | 74.0% | 91 49.2% | 56 30.3% | 38 | 20.5%

Type of exercises

Gym 18 | 27.7% | 6 33.3% | 6 33.3% | 6 33.3% 027

Walking 42 | 64.6% | 28 66.7% | 11 26.2% | 3 7.1%

Running 5 77% |3 60.0% | 0 0.0% |2 40.0%

Frequency of exercising per week

Daily 34 | 56.7% | 19 55.9% | 10 294% | 5 14.7%

3 times/week | 19 | 31.7% | 11 57.9% | 2 10.5% | 6 31.6% | .403%

2 times/week | 2 33% |1 50.0% |1 50.0% | 0 0.0%

1 time/week 5 83% |3 60.0% | 2 40.0% | 0 0.0%

Did you have advices regarding weight control from PHCC physician

Yes 95 | 38.0% |38 |40.0% |26 |27.4% |31 32.6% | .001*

No 155 | 62.0% | 90 58.1% | 47 | 30.3% | 18 11.6%

Follow a diet

Yes 55 |22.0% | 33 60.0% | 11 20.0% | 11 20.0% | .211

No 195 | 78.0% | 95 | 48.7% | 62 31.8% | 38 19.5%

Number of daily meals

2 meals 100 | 40.0% | 52 52.0% | 31 31.0% | 17 17.0% 454

3 meals 117 | 46.8% | 55 | 47.0% | 35 299% | 27 | 23.1%

4 meals 33 | 132% | 21 63.6% |7 212% | 5 15.2%

Snack between meals

Yes 178 | 712% | 95 | 53.4% | 47 | 264% |36 | 202% | .309

No 72 | 288% | 33 | 45.8% | 26 36.1% | 13 18.1%

Eating meals late at night

Yes 147 | 58.8% | 72 | 49.0% | 44 29.9% | 31 21.1% | .666

No 103 | 41.2% | 56 54.4% | 29 28.2% | 18 17.5%

Drink coffee

Yes 178 | 71.2% | 93 | 52.2% | 50 28.1% | 35 19.7% | .821

No 72 | 288% |35 | 48.6% | 23 31.9% | 14 19.4%

Soft drinks

Yes 110 | 44.0% | 60 | 54.5% | 34 30.9% | 16 14.5% | .203

No 140 | 56.0% | 68 | 48.6% | 39 27.9% | 33 | 23.6%

Cheese, butter, cream

Yes 188 | 752% | 94 | 50.0% | 56 29.8% | 38 | 20.2% | .799

No 62 | 248% | 34 548% | 17 | 27.4% | 11 17.7%

Yolk

Yes 162 | 64.8% | 82 | 50.6% | 45 27.8% | 35 | 21.6% | .524

No 88 | 352% | 46 52.3% | 28 31.8% | 14 15.9%
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High-fiber foods

Yes 220 | 88.0% | 118 | 53.6% | 60 27.3% | 42 19.1% | .049*
No 30 | 12.0% | 10 33.3% | 13 43.3% | 7 23.3%
P: Pearson X? test $: Exact probability test * P <0.05 (significant)
60
51.3
50
43.3
40
333
30 26.1
22.6 23.3
20
10
0
High-fiber diet No high-fiber diet

B Normal m Overweight Obese

Figure 1 Dietary Habits (High-fiber diet vs. No high-fiber diet) vs. BMI categories among Type 1 diabetic patients

Table 4 Effect of overweight and obesity on Type 1 Diabetic patients, Saudi Arabia

Body mass index

Effect Normal weight | Overweight | Obese p-value
No % No | % No | %

Does your weight affect your daily life activities

No effect at all 107 83.6% |42 | 57.5% | 14 28.6% 001%

Mild to moderate effect | 18 14.1% | 30 411% | 26 53.1%

High effect 3 2.3% 1 1.4% 9 18.4%

Had diabetes complications

Yes 21 16.4% 16 21.9% | 16 32.7% | .049*

No 107 83.6% 57 78.1% | 33 67.3%

P: Pearson X2 fest $: Exact probability test * P <0.05 (significant)

4. DISCUSSION

Despite the increased risk of adverse health outcomes and a detrimental impact on quality of life, only half of individuals with
diabetes and other chronic conditions receive dietary or exercise guidance from their primary healthcare providers. Over the past
two decades, obesity rates in Saudi Arabia and other Gulf countries have notably escalated (Alhyas et al., 2011; Aljaadi and Alharbi,
2020; Gezawa et al., 2019). Recent research in Saudi Arabia identified obesity and being overweight as prevalent risk factors for
diabetes (Al-Mansour, 2019).

This study's objective was to evaluate the prevalence of overweight and obesity, as well as associated risk factors, in adults with
Type 1 Diabetes in the general population of Saudi Arabia. The findings revealed that nearly half of the individuals with Type 1
Diabetes were overweight or obese, with the majority being overweight, affecting less than one-third of the patients. These findings
align with those reported by Schueren et al., (2021), who noted that 37% of patients with Type 1 Diabetes were obese. Current
literature suggests that a significant number of patients with Type 1 Diabetes experience obesity at some point, with an increasing
prevalence in recent years, ranging from 2.8% to 37.1% (Polsky and Ellis, 2015).
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An examination of trends displayed an increase in the obesity rate among adults with Type 1 Diabetes, rising from 3.4% during
the baseline period (1986 to 1988) to 22.7% between 2004 and 2007 (Conway et al., 2010). In Saudi Arabia, Khalid et al., (2018)
reported that 56.6% of type 1 diabetic patients had a BMI > 30. Another study by Albishi et al., (2017) revealed that one-third of the
newly diagnosed type 1 diabetic patients were overweight (35.5%). However, variations in these results are primarily due to the
definition of obesity, the age of the studied population and the country. When obesity is defined as a body mass index (BMI) at or
above the 95th percentile, the estimated prevalence ranges from 5.2% for the age group of 5 to 30 years (Pinhas-Hamiel et al., 2015)
to 13.5% in adolescents (average age 15.4 years) according to the T1D Exchange Registry (T1DX) study (Minges et al., 2017).

However, when applying stricter criteria (BMI > 97th percentile), a large study from a German and Austrian database reported a
lower obesity prevalence of just 2.8% among patients aged under 20 years old (Frohlich-Reiterer et al., 2014). In terms of risk factors,
the current study indicated that overweight and obesity were significantly higher among older patients (> 30 years), employed
patients and those with a high monthly income, suggesting an unhealthy lifestyle, including frequent outdoor meals. Patients living
alone, who may rely more on outdoor meals and fast food, also showed an increased risk for obesity.

As for lifestyle and dietary habits, the study demonstrated that a higher rate of obesity was detected among smokers and those
who do not maintain a high fiber diet. Various risk factors including lack of physical activity (Cameron et al., 2003; Bhupathiraju
and Hu, 2016), dietary habits (Sandouk and Lansang, 2017; Fraser et al., 2012; Jeffery et al., 2006; Currie et al., 2010) and others
(Wing et al., 2001; Flegal et al., 2010; Parekh et al., 1998) are assessed in numerous studies.

5. CONCLUSIONS AND RECOMMENDATIONS

In conclusion, the current study showed that nearly half of the diabetic patients had overweight and obesity. Old age, smoking and
unhealthy diet was significantly associated with rate of obesity among type 1 diabetics. The study revealed that TIDM patients
need special attention. Health education in the primary health care and diabetes centers should be promoted with more efforts to

screen for weight changes among diabetic patients.
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