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Abstract. – OBJECTIVE: People with a high 
risk of developing Type 2 Diabetes Mellitus are 
primarily due to lifestyle factors and can be re-
duced by implementing awareness programs. 
Therefore, this study evaluates the diabetic 
awareness level, risk factors, and lifestyle be-
haviors among nondiabetic participants. 

PATIENTS AND METHODS: This is a cross-sec-
tional study conducted among 538 nondiabetic 
participants based on American Diabetic Asso-
ciation (ADA) parameters via face-to-face inter-
view. The sample was collected from five differ-
ent primary health care centers from November 
2019 to February 2020. The target population 
was nondiabetic with age ≥18 years and partici-
pants with other serious chronic illnesses, preg-
nant women, or unable to communicate effec-
tively were excluded. 

RESULTS: A total of 538 participants with-
out diabetes data were analyzed, of which 363 
(67.5%) were males. Good, moderate, and in-
sufficient knowledge of Type 2 Diabetes Melli-
tus awareness was 34.6%, 52.4%, and 13.0%, 
respectively. The knowledge level in females’ 
participants was significantly less than the 
males (OR=2.4; p=0.0005). About 44% had dia-
betic risk, and the prevalence of diabetes risk 
was significantly high in males (OR=1.7), obe-
sity (OR=2.9), overweight (OR=2.3), and high 
blood pressure (OR= 2.2) (all p < 0.05). The risk 
of diabetes was increased in those participants 
who consumed more bakery items (p < 0.05). 
The diabetes risk score was negatively associ-
ated with diabetes awareness levels (r= -0.29, 
p= 0.063). 

CONCLUSIONS: The risk of diabetes in the 
general population can be prevented by proac-
tive public health awareness campaigns, par-
ticularly among elderly age group, with low-
er educational level, physically inactive, and 
obese.

Key Words:
Awareness of diabetes, Diabetes risk factors, Non-

diabetic population, Prevalence, Saudi Arabia.

Introduction

Type 2 diabetes mellitus (T2DM) is a chronic 
metabolic condition characterized by hypergly-
cemia, primarily initiated by insulin resistance or 
deficiency. Currently, about 500 million people 
are living with diabetes worldwide1. According 
to the World Health Organization, diabetes mel-
litus will be the seventh leading cause of death 
worldwide by 20302,3. In 2019, 1.5 million deaths 
were directly caused by diabetes4. T2DM related 
deaths are on the rise, according to a previous 
study5. The death rate is rising due to diabetes 
related chronic comorbidities, including heart at-
tack6, stroke7, and renal failure8. International 
Diabetes Federation (IDF) has estimated that 
approximately 8.8% of the global population over 
20 was affected by diabetes. Compared to other 
regions of the world, the Middle East and North 
Africa (MENA) countries have a higher preva-
lence of diabetes rate and estimated prevalence 
rate of 9.6% in 2017, expected to rise to 12.1% by 
20459. The prevalence of diabetes in Saudi Arabia 
as a developed country is the highest (17.7 %) in 
the region and worldwide10. 

The high prevalence of diabetes in MENA is due 
to urbanization, sedentary lifestyle, high obesity 
rates, and an aging population in these countries11. 
Diabetes’ high prevalence has a major impact on 
the country’s economy, public health system, and 
population well-being12. The onset of diabetes is 
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also linked with lifestyle factors, which reinforces 
the importance of health education interventions 
targeting people’s behavior change. People at high 
risk of developing Type 2 diabetes can reduce their 
chances of getting the condition by more than 80% 
by the education program13. Social media plat-
forms have full health-related content and educate 
people for a healthy lifestyle and better quality of 
life14. However, fewer people receive health edu-
cation and awareness information about diabetes 
on social media platforms. A survey conducted 
in Omani semi-urban communities reported the 
awareness of diabetes concepts, symptoms, and 
complications was only 46.5% to 57.0% in this 
study population15. Similarly, in Mongolia, about 
50% of the subpopulation and one-fifth of the total 
population never heard about diabetes16. In Ma-
laysia’s about 58% of the rural adult population17, 
while about 57% of the Pakistani rural population 
(Islamabad) had poor knowledge of diabetes18. The 
awareness and knowledge of diabetes mellitus, its 
risk factors, complications, and treatment have 
an important role in diabetes control19. Although, 
many diabetic patients do not realize that they have 
the disease until its life-threatening complications 
strike. Awareness of diabetes at the population 
level will guide people for better management and 
prevention of health problems. In Riyadh city, the 
capital of Saudi Arabia, the biggest country in the 
Middle East, it is unclear how much the general 
public knows about diabetes mellitus, its complica-
tions, risk factor, and their awareness level. Exten-
sive literature search could not find any study that 
reported the diabetes risk level and the awareness 
knowledge level in the Saudi population. 

This study has explored the diabetic mellitus 
risk levels. In addition, the researchers investi-
gated whether Saudis were aware of their disease. 
After the study has been completed in the relevant 
areas, shortcomings and myths may be identified. 
The authorities will determine whether or not it is 
necessary to raise awareness levels among nondi-
abetic individuals based on the report’s findings. 
Since the prevention is often preferable to treat-
ment, raising awareness levels will help minimize 
T2DM and its complications.

Patients and Methods

Participants and Design
This cross-sectional study included nondia-

betic participants who visited the health care 
centers for health checkups other than diabetes 

problems. The study data was collected from five 
randomly selected primary healthcare centers in 
Riyadh city, the capital of Saudi Arabia, between 
November 2019 and February 2020. The target 
population was aged ≥18 years, and those had no 
other chronic illnesses on the interview day. This 
study excluded the participants who were preg-
nant, unable to communicate effectively, and had 
mental illness. The sampling method was conve-
nient, and participation was entirely voluntary, 
and those who agreed to participate in this study 
signed a consent form. All participants in this 
study were interviewed individually by research 
team members.

Data Collection
Health assessments and questionnaire-based 

interviews were performed on-site by five well-
trained researchers following the standard data col-
lection procedure. The collected data include the 
measuring of blood pressure, weight, height, smok-
ing habits, educational status, and physical activity. 
The participants age and cholesterol level were 
noted from the hospital records. The Body Mass 
Index (BMI) was calculated as weight in kilograms 
divided by height in meters squared20. The right arm 
blood pressure was measured three times with stan-
dardized mercury sphygmomanometers, as per the 
World Health Organization/ International Society of 
Hypertension guidelines21. To ensure data validity 
and reliability, strict protocols were introduced. All 
researchers were MBBS final-year medical students 
and uniformly trained. if missing details or any er-
rors were found, further interviews or examinations 
were performed. Before the survey, all measuring 
instruments were standardized. 

Questionnaire Preparation
A standard bilingual (Arabic and English) ques-

tionnaire was created following a comprehensive 
literature review based on previous studies and 
guidelines22-24. The questionnaire comprised four 
parts: the first part consisted of sociodemographic 
information. The second part of the questionnaire 
included screening diabetes risk based on Amer-
ican Diabetic Association parameters. The third 
part of the questionnaire had diabetes awareness 
knowledge. Finally, the fourth part was about the 
common awareness perception and regular habits 
with the risk factor.

First Part
In the first part, we collected the demographic 

information of the individual, such as gender, 
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age, marital status, educational level, family 
history of diabetes, body mass index, physical 
activity, etc. 

Second Part
The second part of the questionnaire included 

screening diabetes risk based on American Dia-
betic Association parameters. To measure the par-
ticipant’s actual risk of getting diabetes, we used a 
validated questionnaire by the American Diabetic 
Association25 which includes the following ques-
tions: age, sex, history of gestational diabetes in 
females, family history of diabetes, high blood 
pressure, physical activity, weight, and height. The 
ADA risk questionnaire collects self-reported in-
formation on the seven diabetes risk factors men-
tioned below, which were organized as follows: 
age [less than 40 (0 points); 40-49 (1 point); 50-59 
(2 points), or 60 years (3 points)], sex [Male (1 
point) or Female (0 points)], history of gestational 
diabetes [Yes (1 point) or No (0 points)), history 
of hypertension [Yes (1 point) or No (0 points)], 
family history of diabetes [Yes (1 point) or No (0 
points)], physical activity [Yes (0 points) or No (1 
point)], and about height and weight, a person’s 
weight status is determined [normal (0 points), 
overweight (1 point)]. Each level of the risk factors 
is given a separate score, which is then added to-
gether for a maximum score of eleven (11). A score 
< 5 has a low diabetes risk, and a score ≥ 5 has 
a high risk of undiagnosed prediabetes or type 2 
diabetes. However, a proper diagnosis of diabetes 
risk ratio can only be made using fasting blood 
glucose (ADA). 

Third Part
A self-administered questionnaire was de-

signed after an exhaustive literature review to 
achieve the study’s objectives related to diabetes 
awareness. The prepared version contained ten 
elements subjected to detailed debate among a 
panel of three medical diabetes clinical consult-
ing team members with substantial expertise 
dealing with diabetic patients. Seven items were 
agreed upon after two meetings and significant 
discussion among the panel. The consulted team, 
and the ethical team, recommended that a pilot 
study has to be conducted before the final study. 
The team agreed to conduct a pilot study with 
20 to 35 participants about diabetes awareness 
questionnaire. A pilot study was conducted in 
a general family medicine clinic in Riyadh city 
from 26th September to 3rd October 2019 with 
31 participants. The reliability of the awareness 

questionnaire was r=0.783 after the pilot study, 
which we shared with the Ethics Committee. 
Awareness includes the following questions: do 
you have knowledge of diabetes [Yes (1 point); 
No (0 points)], do you believe that diabetes is 
affecting an increasing number of individuals 
nowadays [Yes (1 point); No (0 points], did you 
know that diabetes can be avoided [Yes (2 points); 
Little bit (1 point); No (0 points)], Daily physical 
activity reduced DM risk [Yes (2 points); Some-
times (1 point); No (0 points)], diabetes can cause 
issues in other organs, did you know? [Yes (2 
points); Little bit (1 point); No (0 points)], Do 
you think age is an important factor to develop 
DM [Yes (2 points); Little bit (1 point); No (0 
points)], what factors do you believe have a role 
in diabetes? [ Obesity (1 point); Family history (1 
point); Stress (1 point); Diet habits (1 point); Hy-
pertension (1 point); Others (1 point); no roles (0 
points)]. So, awareness questionnaire maximum 
score point was 16, and the minimum point was 
0. After collecting all data from the non-diabetes 
participants, we calculated the awareness level: 
if the score is less than eight it means that DM 
knowledge was poor (< 50% = poor); if aware-
ness score is between 8 to 12 it means that DM 
knowledge was moderate (50-75% = moderate); 
if awareness score is more than 13, it means that 
DM knowledge was good (≥75 =good).

Fourth Part
Finally, the fourth part of the questionnaire 

was about lifestyle-related knowledge and behav-
iors factors with their diabetes awareness level 
and risk factor.

Statistical Analysis
All collected data were entered into Microsoft 

Excel and analyzed using SPSS version 24.0 
(IBM, Armonk, NY, USA). The prevalence was 
estimated along with confidence intervals of 95%. 
Pearson’s chi-square test and odds ratios (ORs) 
were used to determine and quantify the risk fac-
tor and awareness associations between a definite 
outcome and the variables considered. During the 
entire study, the statistical significance level has 
been established as p<0.05.

Ethical Approval
All participants were informed about the 

study’s objectives, and explained the question-
naire items, individually. The Research Ethics 
Committee of the Faculty of Medicine at King 
Saud University approved the study.
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Results

A total of 603 participants agreed to partici-
pate in the study; of them, 65 participants’ data 
were incomplete and therefore excluded. The 
remaining 538 participant’s data were analyzed: 
363 (67.5%) were males, and 175 (32.5%) were fe-
males, 352 (65.4%) were married, and 30(24.2%) 
were smokers. The majority (n= 362, 67.3%) had 
a family history of diabetes mellitus, and major 
incidence recorded in father (n=183, 34.0%), fol-
lowed by mother (n=153, 28.4%), sibling (n=84, 
15.6%) and others (n=79, 14.7%). Despite this, a 
small number of the participants (n= 84, 15.6%) 

were physically active, 160 (29.7%) were over-
weight, and 25 (4.6%) were obese. Most of the 
participants had adequate knowledge (n=282, 
52.4%), whereas 186 (33%) had good knowledge, 
and 70 (13.0%) had a poor knowledge level of 
diabetes. Of the total participants, more than 44% 
also had an increase diabetic risk (Table I). Dia-
betes risk scores decrease with an increase in the 
awareness score (r= -0.298; p=0.063).

Diabetes Risk Level in 
Non-Diabetes Participants 

The prevalence of diabetes risk among the male 
participants was significantly higher (OR=1.7; 

Table I. Demographic information of participants (n=538).

	 Item	 Categories	 N (%)

Gender	 Male	 363 (67.5)
 	 Female	 175 (32.5)
Age	 18-39	 289 (53.7)
 	 40-49	 145 (27.0)
 	 50-59	 70 (13.0)
 	 60 or older	 34 (6.3)
Marital status	 Single	 167 (31.0)
 	 Married	 352 (65.4)
 	 Widowed/Divorced	 19 (3.5)
Education level	 Illiterate	 16 (3.0)
 	 Primary schooling	 37 (6.9)
 	 Secondary schooling	 173 (31.9)
 	 Graduate	 260 (48.3)
 	 Post graduate	 52 (9.7)
Smoker	 Yes	 130 (24.2)
 	 No	 408 (75.8)
Heard about DM	 Yes	 521 (96.8)
 	 No	 17 (3.2)
Family history of diabetes	 Yes	 362 (67.3)
 	 No	 175 (32.5)
If ‘yes’ than its	 Father	 183 (34.0)
 	 Mother	 153 (28.4)
 	 Sibling	 84 (15.6)
 	 Others	 79 (14.7)
Are you physically active	 Yes	 84 (15.6)
 	 No	 216 (40.1)
 	 Not regular basis	 238 (44.2)
Residency	 Urban	 526 (97.8)
 	 Rural	 12 (2.2)
High blood pressure	 Yes	 155 (28.8)
 	 No	 383 (71.2)
Previous history of gestation diabetes (Women)	 Yes	 40 (7.4)
 	 No	 498 (92.6)
BMI	 Underweight	 155 (28.8)
 	 Normal	 198 (36.8)
 	 Overweight	 160 (29.7)
 	 Obese	 25 (4.6)
Awareness level 	 Poor 	 70 (13.0)
 	 Moderate 	 282 (52.4)
 	 Good 	 186 (34.6)
Diabetes Risk test	 Higher risk	 241 (44.8)
 	 Low/ no risk	 297 (55.2)
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p=0.003) than the female group. The older pa-
tients (age ≥ 60 years) had significantly higher di-
abetes risk (OR= 4.4) than the younger age group 
(p< 0.0001). Similarly, the age group 50-59 years 
had a four times higher risk than the younger age 
group. In addition, a higher education level was 
negatively associated with diabetes risk factors. 
Of the family history of diabetes, the diabetes risk 
was significantly associated with those siblings 
who had diabetes (OR=2.6; p=0.004), followed by 
mother who had diabetes (OR=2.3; p=0.003), and 
father had diabetes (OR=2.0; p=0.01). Moreover, 
a high risk of diabetes found in the participants 
who were not physically active and the partic-
ipants who had high blood pressure (OR=2.2; 
p< 0.0001), participants with obesity (OR=2.9; 
p=0.0007), and overweight (OR=2.3; p< 0.0001) 
(Table II). In the current study, smoking did not 
challenge the risk of diabetes, as smoking was not 
a criterion in the ADA risk calculation.

Awareness Level of Diabetes in 
Non-Diabetic Participants 

The current diabetes awareness level among 
the female groups was significantly poor (OR=2.4; 
p=0.0005) compared to the male counterpart. 
The participants between 40-49 years were less 
aware of diabetes (OR=1.38; p=0.25) than other 
age groups. However, the age group more than 
60 years had good diabetes awareness (OR=1.46; 
p=0.24). The education levels also impacted dia-
betes awareness, and the primary education par-
ticipants had poor awareness (OR=2.14; p=0.025) 
compared to the higher education participants. 
On the other hand, those with a family history 
of diabetes had good awareness (OR=1.15), par-
ticularly those siblings had diabetes (OR= 1.19). 
Moreover, more physically active participants 
were less aware (OR= 1.74; p=0.1) of diabetes. 
About 155 (28.8%) of non-diabetes participants 
had high blood pressure; among them, almost 
33% had poor awareness (OR=1.2; p=0.48). How-
ever, most of the overweight and obese partic-
ipants had good knowledge. The majority of 
participants (61.7%) cholesterol level was normal, 
and they had significantly good awareness of dia-
betes (OR= 5.12; p=<0.0001) (Table III).

Lifestyle Related Knowledge and 
Behaviors Factors with Their 
Diabetes Awareness Levels 

Most of the participants (95.4%) reported that 
diabetes is a common condition; those who have 
a good level of awareness (98.9%) about diabetes 

have more understanding about diabetes. Most of 
the participants (82.3%) reported diabetes could 
be prevented; among them, there was a good 
level of knowledge participants (93.5%), and poor 
level of knowledge participants (60%). Most of 
the participants reported diabetes effect on other 
body organs. A good level of aware participants 
(94.1%) has more understanding about organs 
effect than the poor level of diabetes aware par-
ticipants (58.6%; Table IV).

Lifestyle Related Knowledge and 
Behavior’s Factors with Their 
Diabetic Risk Factors

Most of the participants (95.4%) have ac-
knowledged that diabetes is a common condition. 
Among participants (n= 467) who consumed lots 
of soft drinks, 47.5% had a high risk of diabetes. 
A significantly high risk of diabetes was also in 
those participants who consumed lots of animal 
products (meat, milk, eggs, etc.) (p= 0.0001). 
Moreover, eating lots of candy (90.0%), junk food 
(89.6%), and bakery items was associated with 
an increased risk of diabetes. Drinking coffee, 
eating dry fruits and fruits had no association 
with the risk of diabetes. Very few participants 
have reported ‘eating more vegetables and most 
of them were at lower risk of diabetes (p= 0.002; 
Table V).

Discussion

This is one of the first studies in Saudi Ara-
bia that addressed diabetes awareness levels, 
knowledge and risk factors among nondiabetic 
participants. One-third of participants had good 
knowledge, whereas 13% had poor knowledge. 
The awareness score was higher than the pre-
vious local and international studies26,27. Male 
participants had more diabetes knowledge and 
awareness levels, despite the increased risk of 
diabetes than female participants and report-
ed the same trends in a local study28. Many 
nondiabetic participants (44.8%) were under the 
diabetes risk as per the ADA diabetes risk test; 
however, the risk proportion was consistent with 
the previous reports7,29. The higher or moderate 
levels of diabetes awareness could be attributed 
to the participant’s level of education, as 90% of 
participants had secondary or higher education. 
The positive relationship between educational 
attainment and diabetes awareness score was 
consistent with many studies from other parts of 
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Table II. Diabetes risk levels in different categories of participants.

                                                                                              Diabetes risk analysis

	 Item	 Categories	 N (%)	 ≥ Higher Risk	 OR, 95% CI	 p-value	 ≤ Low Risk	 OR, 95% CI	 p-value

Gender	 Male	 363 (67.5)	 188 (78.0)	 1.7 (1.2-2.4)	 0.003	 175 (58.9)	 0.69 (0.5-0.92)	 0.01
	 Female	 175 (32.5)	 53 (22.0)	 |	  	 122 (41.1)	 |	  
Age	 18-39	 289 (53.7)	 66 (27.4)	 |	  	 223 (75.1)	 |	  
	 40-49	 145 (27.0)	 76 (31.5)	 2.3 (1.5-3.4)	 < 0.0001	 69 (23.2)	 0.61 (0.4-0.86)	 0.004
	 50-59	 70 (13.0)	 65 (27.0)	 4.0 (2.6-6.3)	 < 0.0001	 5 (1.7)	 0.09 (0.03-0.2)	 < 0.0001
	 60 or older	 34 (6.3)	 34 (14.1)	 4.4 (2.5-7.5)	 < 0.0001	 0 (0.00)	 0	  
Education level	 Illiterate	 16 (3.0)	 11 (4.6)	 1.2 (0.47-2.8)	 0.75	 5 (1.7)	 0.7 (0.3-2.3)	 0.65
	 Primary schooling	 37 (6.9)	 22 (9.1)	 0.99 (0.5-1.9)	 0.99	 15 (5.0)	 1.0 (0.4-2.2)	 0.99
	 Secondary schooling	 173 (31.9)	 80 (33.2)	 0.77 (0.46-1.3)	 0.33	 93 (31.3)	 1.3 (0.75-2.3)	 0.32
	 Graduate	 260 (48.3)	 97 (40.2)	 0.62 (0.4-1.0)	 0.06	 163 (54.9)	 1.6 (0.9-2.6)	 0.11
	 Postgraduate	 52 (9.7)	 31 (12.9)	 |	  	 21 (7.1)	 |	  
Smoking habits 	 Yes	 130 (24.2)	 61 (25.3)	 1.06 (0.7-1.5)	 0.73	 69 (23.2)	 0.94 (0.7-1.3)	 0.76
	 No	 408 (75.8)	 180 (74.7)	 |	  	 228 (76.8)	 |	  
Family history of diabetes	 Yes	 362 (67.3)	 179 (74.3)	 1.4 (0.9-1.9)	 0.05	 184 (61.9)	 0.78 (0.6-1.0)	 0.11
	 No	 175 (32.5)	 62 (25.7)	 |	  	 113 (38.0)	 |	  
If ‘yes’ than its	 Father	 183 (34.0)	 98 (40.7)	 2.0 (1.2-3.4)	 0.01	 85 (28.6)	 0.6 (0.4-0.96)	 0.03
	 Mother	 153 (28.4)	 92 (38.2)	 2.3 (1.3-3.9)	 0.003	 61 (20.5)	 0.5 (0.34-0.85)	 0.007
	 Sibling	 84 (15.6)	 58 (24.1)	 2.6 (1.5-4.6)	 0.004	 26 (8.8)	 0.4 (0.24-0.73)	 0.002
	 Others	 79 (14.7)	 21 (8.7)	 |	  	 58 (19.5)	 |	  
Physically active	 Yes	 84 (15.6)	 32 (13.3)	 0.9 (0.6-1.5)	 0.84	 52 (17.5)	 1.0 (0.7-1.5)	 0.88
	 No	 216 (40.1)	 114 (47.3)	 1.4 (0.9-1.8)	 0.09	 102 (34.3)	 0.78 (0.6-1.0)	 0.13
	 Not regular basis	 238 (44.2)	 95 (39.4)	 |	  	 143 (48.1)	 |	  
High blood pressure	 Yes	 155 (28.8)	 114 (47.3)	 2.2 (1.6-3.0)	 < 0.0001	 41 (13.8)	 0.4 (0.3-0.6)	 < 0.0001
 	 No	 383 (71.2)	 127 (52.7)	 |	  	 256 (86.2)	 |	  
Previous history of gestation	 Yes	 40 (7.4)	 29 (12.0)	 1.7 (1.0-2.8)	 0.03	 11 (3.7)	 0.47 (0.3-0.94)	 0.03
 diabetes (Women)	 No	 498 (92.6)	 212 (88.0)	 |	  	 286 (96.3)	 |	  
BMI	 Underweight	 155 (28.8)	 23 (28.2)	 0.4 (0.2-0.7)	 0.001	 132 (44.4)	 1.29 (0.9-1.7)	 0.11
 	 Normal	 198 (36.8)	 68 (28.2)	 |	  	 130 (43.8)	 |	  
 	 Overweight	 160 (29.7)	 125 (51.9)	 2.3 (1.5-3.2)	 < 0.0001	 35 (11.8)	 0.33 (0.1-0.5)	 < 0.0001
 	 Obese	 25 (4.6)	 25 (10.4)	 2.9 (1.5-5.4)	 0.0007	 0 (0.00)	 0	  
High cholesterol 	 Yes	 94 (17.5)	 46 (19.1)	 1.7 (0.9-2.8)	 0.05	 48 (16.2)	 0.72 (0.5-1.1)	 0.16
 	 No	 332 (61.7)	 162 (67.2)	 1.6 (1.0-2.5)	 0.02	 170 (57.2)	 0.72 (0.5-1.0)	 0.67
 	 No test report	 112 (20.8)	 33 (19.1)	 |	  	 79 (26.6)	 |	  
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Table III. Cost of illness results: this table shows the results of the cost-of-illness model stratified for patients (adults and pediatrics) and for diagnosis.

                                                   Awareness

			   N	 Poor level			   Moderate level			   Good level
	 Item	 Categories	 (%)	 (70)	 OR, 95% CI	 p-value	 (282)	 OR, 95% CI	 p-value	 (186)	 OR, 95% CI	 p-value

Gender	 Male	 363 (67.5)	 32 (45.7)	 |	  	 200 (70.9)	 1.17 (0.8-1.6)	 0.31	 131 (70.4)	 1.14 (0.7-1.6)	 0.45
	 Female	 175 (32.5)	 38 (54.3)	 2.4 (1.4-4.07)	 0.0005	 82 (29.1)	 |	  	 55 (29.6)	 |	  
Age	 18-39	 289 (53.7)	 33 (47.1)	 |	  	 163 (57.8)	 |	  	 93 (50.0)	 |	  
	 40-49	 145 (27.0)	 23 (32.9)	 1.38 (0.78-2.45)	 0.25	 76 (27.0)	 0.92 (0.7-1.3)	 0.67	 46 (24.7)	 0.98 (0.6-1.47)	 0.94
	 50-59	 70 (13.0)	 8 (11.4)	 1.0 (0.44-2.26)	 0.99	 31 (11.0)	 0.78 (0.5-1.2)	 0.3	 31 (16.7)	 1.37 (0.8-2.2)	 0.19
	 60 or older	 34 (6.3)	 6 (8.6)	 1.54 (0.60-3.9)	 0.36	 12 (4.3)	 0.62 (0.3-1.2)	 0.18	 16 (8.6)	 1.46 (0.7-270)	 0.24
Education level	 Illiterate	 16 (3.0)	 3 (4.3)	 1.4 (0.3-5.1)	 0.5	 10 (3.5)	 |	  	 3 (1.6)	 |	  
	 Primary schooling	 37 (6.9)	 12 (17.1)	 2.4 (1.1-5.2)	 0.01	 14 (5.0)	 0.6 (0.2-1.6)	 0.3	 11 (5.9)	 1.5 (0.4-6.4)	 0.52
	 Secondary schooling	 173 (31.9)	 21 (30.0)	 0.9 (0.5-1.6)	 0.8	 99 (35.1)	 0.9 (0.4-2.0)	 0.8	 53 (28.5)	 1.6 (0.4-5.8)	 0.44
	 Graduate	 260 (48.3)	 34 (48.6)	 |	  	 125 (44.3)	 0.76 (0.3-1.7)	 0.5	 101 (54.3)	 2.1 (0.5-7.2)	 0.25
	 Postgraduate	 52 (9.7)	 0 (0)	 0	  	 34 (12.1)	 1.04 (0.4-2.5)	 0.9	 18 (9.7)	 1.8 (0.5-7.0)	 0.37
Smoking habits 	 Yes	 130 (24.2)	 17 (24.3)	 1.00 (0.5-1.8)	 0.98	 74 (26.2)	 1.11 (0.8-1.5)	 0.5	 39 (21.0)	 0.83 (0.55-1.2)	 0.37
	 No	 408 (75.8)	 53 (75.7)	 |	  	 208 (73.8)	 |	  	 147 (79.0)	 |	  
Family history	 Yes	 362 (67.3)	 40 (57.1)	 0.64 (0.4-1.0)	 0.08	 192 (68.1)	 1.03 (0.8-1.4)	 0.8	 131 (70.4)	 1.15 (0.8-1.6)	 0.44
of diabetes	 No	 175 (32.5)	 30 (42.9)	 |	  	 90 (31.9)	 |	  	 55 (29.6)	 |	  
If ‘yes’ than its	 Father	 183 (34.0)	 13 (18.6)	 0.35 (0.16-0.76)	 0.008	 108 (38.3)	 1.26 (0.8-1.9)	 0.32	 62 (33.3)	 1.02 (0.6-1.7)	 0.91
	 Mother	 153 (28.4)	 15 (21.4)	 0.48 (0.22-1.02)	 0.05	 84 (29.8)	 1.17 (0.7-1.8)	 0.5	 54 (29.0)	 1.07 (0.6-1.8)	 0.8
	 Sibling	 84 (15.6)	 8 (11.4)	 0.47 (0.2-1.1	 0.1	 43 (15.2)	 1.0 (0.6-1.8)	 0.74	 33 (17.7)	 1.19 (0.6-2.1)	 0.56
	 Others	 79 (14.7)	 16 (22.9)	 |	  	 37 (13.1)	 |	  	 26 (14.0)	 |	  
Physically active	 Yes	 84 (15.6)	 16 (22.9)	 1.74 (0.89-3.4)	 0.1	 42 (14.9)	 0.9 (0.60-1.4)	 0.71	 26 (14.0)	 0.8 (0.53-1.4)	 0.64
	 No	 216 (40.1)	 28 (40.0)	 1.18 (0.67- 2.0)	 0.55	 111 (39.4)	 0.94 (0.7-1.2)	 0.73	 77 (41.4)	 1.02 (0.7-1.46)	 0.9
	 Not regular basis	 238 (44.2)	 26 (37.1)	 |	  	 129 (45.7)	 |	  	 83 (44.6)	 |	  
High blood	 Yes	 155 (28.8)	 23 (32.9)	 1.20 (0.7-2.0)	 0.48	 75 (26.6)	 0.89 (0.6-1.2)	 0.5	 57 (30.6)	 1.09 (0.7-1.5)	 0.63
pressure	 No	 383 (71.2)	 47 (67.1)	 |	  	 207 (73.4)	 |	  	 129 (69.4)	 |	  
Previous history  	 No	 498 (92.6)	 58 (82.9)	 |	  	 265 (94.0)	 |	  	 175 (94.1)	 |	  
of gestation	 Yes	 40 (7.4)	 12 (17.1)	 2.57 (1.3-5.1)	 0.008	 17 (6.0)	 0.79 (0.4-1.4)	 0.45	 11 (5.9)	 0.78 (0.39-1.5)	 0.48
diabetes (Women)
BMI	 Underweight	 155 (28.8)	 30 (42.9)	 1.6 (0.93-2.9)	 0.08	 78 (27.7)	 0.87 (0.6-1.2)	 0.45	 47 (25.3)	 0.98 (0.6-1.5)	 0.94
	 Normal	 198 (36.8)	 23 (32.9)	 |	  	 114 (40.4)	 |	  	 61 (32.8)	 |	  
	 Overweight	 160 (29.7)	 14 (20.0)	 0.75 (0.4-1.5)	 0.42	 81 (28.7)	 0.87 (0.6-1.2)	 0.47	 65 (34.9)	 1.3 (0.87-1.9)	 0.18
	 Obese	 25 (4.6)	 3 (4.3)	 1.0 (0.28-3.6)	 0.96	 9 (3.2)	 0.6 (0.28-1.3)	 0.24	 13 (7.0)	 1.6 (0.81-3.4)	 0.15
High cholesterol 	 Yes	 94 (17.5)	 21 (30.0)	 0.75 (0.4-1.3)	 0.37	 49 (17.4)	 0.84 (0.5-1.3)	 0.47	 24 (12.9)	 2.85 (1.3-6.28)	 0.008
	 No	 332 (61.7)	 16 (22.9)	 0.16 (0.08-0.30)	 < 0.000	 164 (58.2)	 0.80 (0.5-1.1)	 0.22	 152 (81.7)	 5.12 (2.6-10.0)	 < 0.0001
	 No test report 	 112 (20.8)	 33 (47.1)	 |	  	 69 (24.5)	 |	  	 10 (5.4)	 |	  
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the world, which found education is a predictive 
factor for diabetes knowledge15,27,30. Despite this 
fact, most participants had a moderate level of 
understanding, and thus deficiency and misinfor-
mation of diabetes preventive knowledge must be 
identified and acknowledged. The participants’ 
age ranged between 18 and 39 years, subjects 
had completed secondary, or university education 
(89.9%) and the majority believed that T2DM is 
a common health problem but can be prevented. 
About 18% of participants said that T2DM could 
not be prevented, and in such circumstances, 
needed to receive correct information on diabetic 
prevention. According to our study and other 
reports, nondiabetic participants who were old-
er and educated had more diabetes awareness 
knowledge. However, older participants had four-

time more diabetic risk scores than the younger 
age groups31. It was assumed that older partici-
pants could miss preventive measures due to the 
lack of energy, motivation, physical disabilities, 
and other health barriers. In this study, smoking 
did not play a significant role in diabetes aware-
ness and diabetes risk score, and this finding was 
similar to other studies27,32. Also, smoking is not 
a criterion in the ADA risk calculation. Howev-
er, other studies indicate that smokers are more 
likely to develop T2DM than nonsmokers33-35. 
The participants with a family history of diabe-
tes had good knowledge of diabetes awareness 
and higher diabetic risk scores. Similar findings 
were reported in many previous studies15,28,36,37. 
Surprisingly, diabetes risk scores were more than 
twice among the participants whose mother or 

Table IV. Association of knowledge and behaviors factors with their diabetes awareness level.

			   N	 Poor level	 Moderate level	 Good level	
	 Item	 Categories	 (%)	 (70)	 (282)	 (186)	 χ2 (p)

Diabetes is a common	 Yes	 513 (95.4)	 59 (84.3)	 270 (95.7)	 184 (98.9)	 24.8 (0.000)
health problem	 No	 25 (4.6)	 11 (15.7)	 12 (4.3)	 2 (1.1)	
Type 2 diabetes can be prevented	 Yes	 443 (82.3)	 42 (60.0)	 227 (80.5)	 174 (93.5)	 40.7 (0.000)
	 No	 95 (17.7)	 28 (40.0)	 55 (19.5)	 12 (6.5)	
Physically active	 Yes	 84 (15.6)	 16 (22.9)	 42 (14.9)	 26 (14.0)	 3.82 (0.43)
	 No	 216 (40.1)	 28 (40.0)	 111 (39.4)	 77 (41.4)	
	 Rarely 	 238 (44.2)	 26 (37.1)	 129 (45.7)	 83 (44.6)	
Drinking lots of soft drinks	 Yes	 467 (86.8)	 34 (48.6)	 253 (89.7)	 180 (96.8)	 126.7 (0.000)
	 No	 30 (5.6)	 21 (30.0)	 6 (2.1)	 3 (1.6)	
	 Rarely	 41 (7.6)	 15 (21.4)	 23 (8.2)	 3 (1.6)	
Consuming lots of animal	 Yes	 179 (33.3)	 15 (21.4)	 111 (39.4)	 53 (28.5)	 38.6 (0.000)
products	 No	 255 (47.4)	 24 (34.3)	 128 (45.4)	 103 (55.4)	
	 Rarely	 104 (19.3)	 31 (44.3)	 43 (15.2)	 30 (16.1)	
Eating lots of candy	 Yes	 471 (87.5)	 38 (54.3)	 249 (88.3)	 184 (98.9)	 110.05 (0.000)
	 No	 44 (8.2)	 26 (37.1)	 16 (5.7)	 2 (1.1)	
	 Rarely	 23 (4.3)	 6 (8.6)	 17 (6.0)	 0 (0.0)	
Eating lots of junk food	 Yes	 454 (84.4)	 30 (42.9)	 248 (87.9)	 176 (94.6)	 109.4 (0.000)
	 No	 38 (7.1)	 19 (27.1)	 15 (5.3)	 4 (2.2)	
	 Rarely	 46 (8.6)	 21 (30.0)	 19 (6.7)	 6 (3.2)	
Eating more vegetables	 Yes	 30 (5.6)	 19 (27.1)	 11 (3.9)	 0 (0.0)	 82.06 (0.000)
	 No	 487 (90.5)	 45 (64.3)	 260 (92.2)	 182 (97.8)	
	 Rarely	 21 (3.9)	 6 (8.6)	 11 (3.9)	 4 (2.2)	
Eating lots of fruits	 Yes	 126 (23.4)	 21 (30.0)	 78 (27.7)	 27 (14.5)	 32.9 (0.000)
	 No	 377 (70.1)	 40 (57.1)	 180 (63.8)	 157 (84.4)	
	 Rarely	 35 (6.5)	 9 (12.9)	 24 (8.5)	 2 (1.1)	
Eating dry fruits	 Yes	 163 (30.3)	 27 (38.6)	 93 (33.0)	 43 (23.1)	 58.5 (0.000)
	 No	 221 (41.1)	 15 (21.4)	 90 (31.9)	 116 (62.4)	
	 Rarely	 154 (28.6)	 28 (40.0)	 99 (35.1)	 27 (14.5)	
Drinking coffee (everyday)	 Yes	 84 (15.6)	 20 (28.6)	 35 (12.4)	 29 (15.6)	 35.7 (0.000)
	 No	 336 (62.5)	 24 (34.3)	 179 (63.5)	 133 (71.5)	
	 Rarely	 118 (21.9)	 26 (37.1)	 68 (24.1)	 24 (12.9)	
Consuming more bakery items	 Yes	 429 (79.7)	 54 (77.14)	 227 (80.4)	 148 (79.5)	 25.9 (0.000)
	 No	 109 (20.2)	 16 (22.85)	 55 (19.5)	 38 (20.4)	
Diabetes effect on other	 Yes	 448 (83.3)	 41 (58.6)	 232 (82.3)	 175 (94.1)	 46.4 (0.000)
body organs	 No	 90 (16.7)	 29 (41.4)	 50 (17.7)	 11 (5.9)	
Being overweight or obese	 Yes	 489 (90.9)	 37 (52.9)	 270 (95.7)	 182 (97.8)	 144.7 (0.000)
	 No	 39 (7.2)	 25 (35.7)	 12 (4.3)	 2 (1.1)	
	 Not Sure	 10 (1.9)	 8 (11.4)	 0 (0.0)	 2 (1.1)	
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father had diabetes. However, a positive associ-
ation of diabetes incidence with the parental his-
tory is a characteristic of genetic inheritance of 
metabolic disease38,39. Diabetes awareness scores 
in physically active and non-active participants 
almost equally distributed but physically inactive 
participants had high risk scores of diabetes40. 
The obstacles that may prevent physical activity 
in the Saudi population are hot weather during 
most of the year, lack of facilities for activities, 
and appropriate social culture41. The risk score 
of diabetes was also significantly high in par-
ticipants with hypertension and who had high 
cholesterol levels42. Body weight gain could result 
from a sedentary lifestyle, which makes it hard-
er to engage in physical activity. The obese are 

highly susceptible to metabolic disease, particu-
larly diabetes. Nearly ~34% of participants were 
overweight and obese, of which the majority had 
high diabetes risk scores. The risk of diabetes in 
obese and overweight participants was increased 
in other countries43,44. Participants who consumed 
more soft drinks and animal products had high 
diabetes risk scores than those who consumed the 
least45,46. Consumption of vegetables is likely to 
prevent or delay the onset of diabetes, and similar 
finding was reported in other study46. Drinking 
coffee (every day), eating dry fruits, and fruits 
were not associated with high-risk scores of dia-
betes. Coffee consumption in moderation is safe 
and beneficial in both healthy persons as well as 
in patients with high blood pressure, CVD, or 

Table V. Association of knowledge and behaviors factors with their diabetes risk levels. 

			   N	 High Risk	 Low Risk	
	 Item	 Categories	 (%)	 (241)	 (297)	 χ2 (p)

Diabetes is a common health problem	 Yes	 513 (95.4)	 239 (99.2)	 274 (92.3)	 14.35 (0.000)
 	 No	 25 (4.6)	 2 (0.8)	 23 (7.7)	  
Type 2 diabetes can be prevented	 Yes	 443 (82.3)	 199 (82.6)	 244 (82.2)	 0.16 (0.49)
 	 No	 95 (17.7)	 42 (17.4)	 53 (17.8)	  
Physically active	 Yes	 84 (15.6)	 32 (13.3)	 52 (17.5)	 9.38 (0.009)
 	 No	 216 (40.1)	 114 (47.3)	 102 (34.3)	  
 	 Rarely 	 238 (44.2)	 95 (39.4)	 143 (48.1)	  
Drinking lots of soft drinks	 Yes	 467 (86.8)	 222 (92.1)	 245 (82.5)	 12.89 (0.002)
 	 No	 30 (5.6)	 5 (2.1)	 25 (8.4)	  
 	 Rarely	 41 (7.6)	 14 (5.8)	 27 (9.1)	  
Consuming lots of animal products	 Yes	 179 (33.3)	 101 (41.9)	 78 (26.3)	 19.5 (0.000)
 	 No	 255 (47.4)	 90 (37.3)	 165 (55.6)	  
 	 Rarely	 104 (19.3)	 50 (20.7)	 54 (18.2)	  
Eating lots of candy	 Yes	 471 (87.5)	 217 (90.0)	 254 (85.5)	 6.28 (0.04)
 	 No	 44 (8.2)	 12 (5.0)	 32 (10.8)	  
 	 Rarely	 23 (4.3)	 12 (5.0)	 11 (3.7)	  
Eating lots of junk food	 Yes	 454 (84.4)	 216 (89.6)	 238 (80.1)	 11.22 (0.004)
 	 No	 38 (7.1)	 8 (3.3)	 30 (10.1)	  
 	 Rarely	 46 (8.6)	 17 (7.1)	 29 (9.8)	  
Eating more vegetables	 Yes	 30 (5.6)	 5 (2.1)	 25 (8.4)	 12.2 (0.002)
 	 No	 487 (90.5)	 223 (92.5)	 264 (88.9)	  
 	 Rarely	 21 (3.9)	 13 (5.4)	 8 (2.7)	  
Eating lots of fruits	 Yes	 126 (23.4)	 52 (21.6)	 74 (24.9)	 6.91 (0.31)
 	 No	 377 (70.1)	 166 (68.9)	 211 (71.0)	  
 	 Rarely	 35 (6.5)	 23 (9.5)	 12 (4.0)	  
Eating dry fruits	 Yes	 163 (30.3)	 79 (32.8)	 84 (28.3)	 3.76 (0.15)
 	 No	 221 (41.1)	 88 (36.5)	 133 (44.8)	  
 	 Rarely	 154 (28.6)	 74 (30.7)	 80 (26.9)	  
Drinking coffee (everyday)	 Yes	 84 (15.6)	 42 (17.4)	 42 (14.1)	 1.33 (0.51)
 	 No	 336 (62.5)	 145 (60.2)	 191 (64.3)	  
 	 Rarely	 118 (21.9)	 54 (22.4)	 64 (21.5)	  
Consuming more bakery items	 Yes	 429 (79.7)	 217 (90.04)	 212 (71.4)	 14.5 (< 0.0001)
	 No	 109 (20.2)	 24 (9.95)	 85 (28.61)	
Diabetes effect on other body organs	 Yes	 448 (83.3)	 215 (89.2)	 233 (78.5)	 11.05 (0.001)
 	 No	 90 (16.7)	 26 (10.8)	 64 (21.5)	  
Being overweight or obese	 Yes	 489 (90.9)	 223 (92.5)	 266 (89.6)	 1.64 (0.43)
 	 No	 39 (7.2)	 15 (6.2)	 24 (8.1)	  
 	 Not Sure	 10 (1.9)	 3 (1.2)	 7 (2.4)
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diabetes47. Bakery products are commonly con-
sumed in the KSA. Participants who consume 
more bakery products had significantly high di-
abetes risk scores and the findings were sup-
ported by local and international reports48,49. A 
meta-analysis of 23 studies reported that dietary 
modification has effectively delayed or prevented 
the development of type 2 diabetes50. 

Although the study is conducted at a multi-
center and has explored lots of epidemiological 
data, there are few limitations that need to be 
addressed. The study was conducted only in one 
of the biggest cities in Saudi Arabia, Riyadh, and 
the participants were selected by convenience 
sampling method. Therefore, the findings of the 
study could not be generalized. This matter could 
be investigated. We also do not include partici-
pants who do not have medical records. In this 
study, the association between some risk factors, 
the prevalence, and awareness of diabetes risk 
factors were unexpected; this could be attributed 
due to the convenience sampling nature of the 
data and potential bias. A nation-wide study with 
a larger convenience sampling may be required to 
extrapolate the results.

Conclusions

According to the study, a large proportion 
of the Saudi Arabian population had a high 
risk of diabetes and necessitates evidenced based 
lifestyle modifications. This could be achieved 
through public health awareness campaigns, tar-
geting increased diabetes screening, and appro-
priate suggestions for the prevention. Moreover, 
persistent, present, and future explorations of 
these health issues are highly recommended.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
This work was supported by the College of Medicine Re-
search Center, Deanship of Scientific Research, King Saud 
University, Riyadh, Saudi Arabia.

Authors’ Contribution
Conception or design: HMA. TA Acquisition, analysis, or 
interpretation of data: MMA, SAA, AHA, ALA, AKA. 
Drafting the work or revising: HMA, FKA, TA. Final ap-
proval of the manuscript: All authors.

References

  1)	 Kaiser AB, Zhang N, Wv DP. Global Prevalence 
of Type 2 Diabetes over the Next Ten Years 
(2018-2028). Diabetes 2018; 67: 202.

  2)	 Mathers CD, Loncar D. Projections of global mor-
tality and burden of disease from 2002 to 2030. 
PLoS Med 2006; 3: e442.

  3)	 Wild S, Roglic G, Green A, Sicree R, King H. 
Global prevalence of diabetes: estimates for the 
year 2000 and projections for 2030. Diabetes 
Care 2004; 27: 1047-1053.

  4)	 WHO. Global Report on Diabetes 2021; https://www.
who.int/news-room/fact-sheets/detail/diabetes.

  5)	 Mayeda ER, Haan MN, Kanaya AM, Yaffe K, 
Neuhaus J. Type 2 diabetes and 10-year risk of 
dementia and cognitive impairment among old-
er Mexican Americans. Diabetes Care 2013; 36: 
2600-2606.

  6)	 Zannad F, Cannon CP, Cushman WC, Bakris GL, 
Menon V, Perez AT, Fleck PR, Mehta CR, Kup-
fer S, Wilson C, Lam H, White WB. Heart failure 
and mortality outcomes in patients with type 2 di-
abetes taking alogliptin versus placebo in EXAM-
INE: a multicentre, randomised, double-blind trial. 
Lancet (London, England) 2015; 385: 2067-2076.

  7)	 Peters SA, Huxley RR, Woodward M. Diabetes 
as a risk factor for stroke in women compared 
with men: a systematic review and meta-analysis 
of 64 cohorts, including 775,385 individuals and 
12,539 strokes. Lancet (London, England) 2014; 
383: 1973-1980.

  8)	 Looker HC, Nyangoma SO, Cromie DT, Olson JA, 
Leese GP, Black MW, Colhoun HM. Rates of re-
ferable eye disease in the Scottish National Di-
abetic Retinopathy Screening Programme. Br J 
Ophthalmol 2014; 98: 790-795.

  9)	 nternational Diabetes Federation. IDF Diabetes 
Atlas.6th ed. Brussels: IDF; 2017.

10)	 Alramadan MJ, Magliano DJ, Almigbal TH, Batais 
MA, Afroz A, Alramadhan HJ, Billah B. Glycaemic 
control for people with type 2 diabetes in Saudi 
Arabia - an urgent need for a review of manage-
ment plan. BMC Endocr Disord 2018; 18: 62.

11)	 Kearns K, Dee A, Fitzgerald AP, Doherty E, Per-
ry IJ. Chronic disease burden associated with 
overweight and obesity in Ireland: the effects of 
a small BMI reduction at population level. BMC 
Public Health 2014; 14: 143.

12)	 Williams R, Karuranga S, Malanda B, Saeedi P, 
Basit A, Besançon S, Bomme C, Esteghama-
ti A, Ogurtsova K, Zhang P, Colagiuri S. Global 
and regional estimates and projections of diabe-
tes-related health expenditure: Results from the 
International Diabetes Federation Diabetes Atlas, 
9th edition. Diabetes Res Clin Pract 2020; 162: 
108072.

13)	 Leicester Uo. Education’s ‘power’ to prevent type 
2 diabetes. Science News 2016; www.science-
daily.com/releases/2016/07/160712094113.htm. 
Accessed 2021.



H.M. Abdulghani, M.M. Ahmed, A.M. Al-Rezqi, S.A. Althunayan, et al

7076

14)	 Giustini D, Ali SM, Fraser M, Kamel Boulos MN. 
Effective uses of social media in public health 
and medicine: a systematic review of systematic 
reviews. Online J Public Health Inform 2018; 10: 
e215-e215.

15)	 Al Shafaee MA, Al-Shukaili S, Rizvi SG, Al Far-
si Y, Khan MA, Ganguly SS, Al Adawi S. Knowl-
edge and perceptions of diabetes in a semi-ur-
ban Omani population. BMC Public Health 2008; 
8: 249.

16)	 Demaio AR, Otgontuya D, Courten DM, Bygb-
jerg IC, Enkhtuya P, Oyunbileg J, Meyrowitsch. 
Exploring knowledge, attitudes and practices re-
lated to diabetes in Mongolia: a national popula-
tion-based survey. BMC Public Health 2013; 13: 
236.

17)	 Minhat HS, Hamedon TR. Understanding To-
wards Diabetes Mellitus among Rural Adult Com-
munity in Malaysia. World J Med Sci 2014; 11: 
217-221.

18)	 Ulvi, OS, Chaudhary RY, Ali T, Alvi RA, Khan MF, 
Khan M, Alam AY. Investigating the awareness 
level about diabetes mellitus and associated fac-
tors in Tarlai (rural Islamabad). J Pak Med Assoc 
2009; 59: 798-801.

19)	 Mujammami MH, Alodhayani AA, AlJabri MI, Ala-
nazi AA, Alanazi SS, Alanazi AG, Ekhzaimy AA. 
Knowledge, awareness and perceptions of diabe-
tes mellitus among the Saudi population. J Comp 
Eff Res 2020; 9: 413-422.

20)	 Cameron N. The Methods of Auxological Anthro-
pometry. In: Falkner F, Tanner JM, eds. Human 
Growth: 2 Postnatal Growth. Boston, MA: Spring-
er US; 1978; pp. 35-90.

21)	 Chalmers J, MacMahon S, Mancia G, Whitworth 
J, Beilin L, Hansson L, Clark T. 1999 World Health 
Organization-International Society of Hyperten-
sion Guidelines for the management of hyper-
tension. Guidelines sub-committee of the World 
Health Organization. Clin Exp Hypertens 1999; 
21: 1009-1060.

22)	 Lamchahab FZ, El Kihal N, Khoudri I, Chraibi A, 
Hassam B, Ait Ourhroui M. Factors influencing 
the awareness of diabetic foot risks. Ann Phys 
Rehabil Med 2011; 54: 359-365.

23)	 Hasnain S, Sheikh NH. Knowledge and practic-
es regarding foot care in diabetic patients visiting 
diabetic clinic in Jinnah Hospital, Lahore. J Pak 
Med Assoc 2009; 59: 687-690.

24)	 Natalia de Sá P, Moura JR, de Melo Júnior EB, de 
Almeida PC, de Macêdo SF, da Silva AR. Knowl-
edge, attitudes and practices for the prevention of 
diabetic foot. Rev Gaucha Enferm 2014; 35: 36-
42.

25)	 American Diabetes Association: Screening for di-
abetes (Position Statement). Diabetes Care 1993; 
24: S21-S24.

26)	 Robert AA, Al Awad AD, Al Dawish MA. Current 
Status of Knowledge and Awareness of Diabetes 
Mellitus in Saudi Arabia. Curr Diabetes Rev 2021; 
17: e101220186818.

27)	 Kassahun CW, Mekonen AG. Knowledge, atti-
tude, practices and their associated factors to-
wards diabetes mellitus among non diabetes 
community members of Bale Zone administra-
tive towns, South East Ethiopia. A cross-section-
al study. PLoS One 2017; 12: e0170040.

28)	 Sami W, Ansari T, Butt NS, Hamid MRA. Effect 
of diet on type 2 diabetes mellitus: A review. Int J 
Health Sci 2017; 11: 65-71.

29)	 Calhoun N, Vorderstrasse A, Chang J. Are De-
mographic Factors Associated with Diabetes 
Risk Perception and Preventive Behavior? J Best 
Pract Health Prof Divers Fall 2020; 12: 128-140.

30)	 Alluhaymid YM, Alotaibi FY, Alotaibi AB, Alba-
sha AM, Alnaim AS, Sabi EM, Mujamammi AH. 
Awareness of diabetic retinopathy among Saudis 
with diabetes type 2 in Riyadh city. J Family Med 
Prim Care 2020; 9: 4229-4233.

31)	 Xu Y, Wang L, He J, Bi Y, Li M, Wang T, Ning G. 
Prevalence and control of diabetes in Chinese 
adults. JAMA 2013; 310: 948-959.

32)	 Abdulrahman M, Husain ZSM, Abdouli KA, Kaz-
im MN, Sayed Mahdi Ahmad F, Carrick FR. As-
sociation between knowledge, awareness, and 
practice of patients with type 2 diabetes with so-
cio-economic status, adherence to medication 
and disease complications. Diabetes Res Clin 
Pract 2020; 163: 108124.

33)	 Maddatu J, Anderson-Baucum E, Evans-Molina 
C. Smoking and the risk of type 2 diabetes. Transl 
Res 2017; 184: 101-107.

34)	 Wilson R, Willis J, Gearry R, Skidmore P, Flem-
ing E, Frampton C, Carr A. Inadequate Vitamin C 
Status in Prediabetes and Type 2 Diabetes Melli-
tus: Associations with Glycaemic Control, Obesi-
ty, and Smoking. Nutrients 2017; 9: 997.

35)	 Campagna D, Alamo A, Di Pino A, Russo C, 
Calogero AE, Purrello F, Polosa R. Smoking and 
diabetes: dangerous liaisons and confusing rela-
tionships. Diabetol Metabol Syndr 2019; 11: 85.

36)	 Nguyen VN, Huynh TTH, Chavannes NH. Knowl-
edge on self-management and levels of asthma 
control among adult patients in Ho Chi Minh City, 
Vietnam. Int J Gen Med 2018; 11: 81-89.

37)	 Shirmohammadi N, Soltanian AR, Borzouei S. 
Public Awareness of Early and Late Compli-
cations of Type 2 Diabetes - Application of La-
tent Profile Analysis in Determining Question-
naire Cut-Off Points. Osong Public Health Res 
Perspect 2018; 9: 261-268.

38)	 Kim E, Kwak SH, Chung HR, Ohn JH, Bae JH, 
Choi SH, Jang HC. DNA methylation profiles in 
sibling pairs discordant for intrauterine exposure 
to maternal gestational diabetes. Epigenetics 
2017; 12: 825-832.

39)	 Pace R, Brazeau A-S, Meltzer S, Rahme E, 
Dasgupta K. Conjoint Associations of Gestation-
al Diabetes and Hypertension With Diabetes, Hy-
pertension, and Cardiovascular Disease in Par-
ents: A Retrospective Cohort Study. Am J Epide-
miol 2017; 186: 1115-1124.



Knowledge and awareness of DM risk factors among nondiabetic patients

7077

40)	 Gill JM, Cooper AR. Physical activity and preven-
tion of type 2 diabetes mellitus. Sports Med 2008; 
38: 807-824.

41)	 Al-Drees A, Abdulghani H, Irshad M, Baqays AA, 
Al-Zhrani AA, Alshammari SA, Alturki NI. Physical 
activity and academic achievement among the 
medical students: A cross-sectional study. Med 
Teac 2016; 38: S66-72.

42)	 Vesa CM, Popa L, Popa AR, Rus M, Zaha AA, 
Bungau S, Zaha DC. Current Data Regarding 
the Relationship between Type 2 Diabetes Melli-
tus and Cardiovascular Risk Factors. Diagnostics 
2020; 10: 314.

43)	 Al-Thani AA, Farghaly A, Akram H, Khalifa S, Vi-
nodson B, Loares A, Abou-Samra AB. Knowl-
edge and Perception of Diabetes and Available 
Services among Diabetic Patients in the State of 
Qatar. Cent Asian J Glob Health 2019; 8: 333.

44)	 Fatema K, Hossain S, Natasha K, Chowdhury 
HA, Akter J, Khan T, Ali L. Knowledge atti-
tude and practice regarding diabetes mellitus 
among Nondiabetic and diabetic study partici-
pants in Bangladesh. BMC Public Health 2017; 
17: 364.

45)	 Stern D, Mazariegos M, Ortiz-Panozo E, Campos 
H, Malik VS, Lajous M, López-Ridaura R. Sug-
ar-Sweetened Soda Consumption Increases Dia-
betes Risk Among Mexican Women. J Nutr 2019; 
149: 795-803.

46)	 Olfert MD, Wattick RA. Vegetarian Diets and the 
Risk of Diabetes. Curr Diabetes Rep 2018; 18: 
101.

47)	 Chrysant SG. The impact of coffee consumption 
on blood pressure, cardiovascular disease and 
diabetes mellitus. Exp Rev Cardiovasc Ther 2017; 
15: 151-156.

48)	 Midhet FM, Al-Mohaimeed AA, Sharaf FK. Life-
style related risk factors of type 2 diabetes melli-
tus in Saudi Arabia. Saudi Med J 2010; 31: 768-
774.

49)	 Hodge AM, English DR, O’Dea K, Giles GG. Di-
etary patterns and diabetes incidence in the Mel-
bourne Collaborative Cohort Study. Am J Epide-
miol 2007; 165: 603-610.

50)	 Wang PY, Fang JC, Gao ZH, Zhang C, Xie SY. 
Higher intake of fruits, vegetables or their fiber re-
duces the risk of type 2 diabetes: A meta-analy-
sis. J Diabetes Investig 2016; 7: 56-69.


