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We investigated the risk levels associated with diabetes mellitus. They were assessed based on whether
anyone in their family had a history of diabetes. The data collected are measurements of blood pressure,
weight, height, and smoking habits, as well as physical activity and educational status. Based on the
American Diabetes Association’s (ADA) recommendations, the questionnaire included a diabetes risk
assessment. The risk of diabetes was 76.3% among participants with a family history of diabetes. There
is a 41.1% chance of diabetes among those participants whose fathers had diabetes, and a 39.3% chance
of diabetes among those participants whose mothers had diabetes. Additionally, those participants who
have siblings with diabetes were 24% at high risk for developing diabetes. The prevalence of the risk of
having a family history of diabetes is higher in the women in the family (RR = 3.12; P = 0.0001) as com-
pared to the men in the family (RR = 1.9; P = 0.0001). Risk of diabetes more in the male (1.13 times
higher) in the current study based on the ADA scale. There is evidence that various factors, including life-
style choices, physical attributes, and family history, influence the risk of developing diabetes in the cur-
rent study. The results of the current study indicate that there is a strong association between patients
with T2D and those who have a family history of diabetes. Considering Saudi Arabia’s high diabetes risk,
evidence-based lifestyle modifications are needed.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Type 2 diabetes mellitus (T2DM) is a chronic disease, character-
ized by abnormally high blood sugar levels. Diabetes occurs when
body becomes resistant to insulin, or when pancreas cannot pro-
duce enough insulin to keep blood sugar levels within a healthy
range. Approximately over 500 million people die each year from
diabetes around the world, making it the leading cause of death
(Sun et al., 2022, KAISER et al., 2018). Due to increasing prevalence
rate, an estimate has been made that, diabetes mellitus will be
ranked as the seventh most common cause of death in the world
by 2030 (Mathers and Loncar, 2006), According to the World
Health Organization, world-wide, diabetes is one of the leading
causes of death. It is estimated that diabetes will cause 1.5 million
deaths worldwide in 2019, reported by theWorld Health Organiza-
tion (WHO, 2021). The number of people who die from T2DM-
related causes is increasing, according to a study (Mayeda et al.,
2013).

Diabetic-related comorbidities, such as renal failure (Looker
et al., 2014), stroke (Peters et al., 2014), and heart attack (Zannad
et al., 2015) contribute to the high death rate associated with dia-
betes. Based on the International Diabetes Federation (IDF), over
8.8% of the world’s population over the age of 20 is estimated to
be affected by diabetes (Sun et al., 2022). Middle East and North
Africa (MENA) is one of the regions in the world that has a higher
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prevalence of diabetes than any other region, with an estimated
prevalence rate of 9.6% in 2017 and an estimated prevalence of
12.1% by 2045, demonstrating a higher prevalence rate than other
parts of the world (IDF, 2017). A author cites data from the World
Health Organization reported that prevalence rate of diabetes
highest (17.7%) in the Saudi Arabia which was highest among the
all developed countries in the MENA region and the world, among
other factors (Alramadan et al., 2018). Urbanization, obesity rates,
sedentary lifestyles, and aging populations in MENA countries are
some of the factors contributing onset of diabetes (Kearns et al.,
2014). The prevalence of this disease that has an adverse effect
on the public health system, the economy, and the well-being of
citizens (Williams et al., 2020). A number of lifestyle factors are
also implicated in the development of diabetes. Others studies
highlights the importance of health education interventions that
are focused on changing people’s behavior in order to combat the
disease (Abdulghani et al., 2018, Al-Ozairi et al., 2023). It is possible
to reduce the chances of getting Type 2 diabetes in people at high
risk by more than 80% by attending an education program that tea-
ches them how to prevent the disease from developing (Looker
et al., 2014). In addition to having full health-related content, social
media platforms have a lot of content that is designed to educate
people about a healthy lifestyle and a better quality of life
(Giustini et al., 2018, Al-Reshed et al., 2023). Social media plat-
forms have the potential to provide a lot of information about
health, health education, and awareness regarding diabetes, but
fewer people receive it. There has been a survey conducted in
Omani semi-urban communities that indicates that only 46.5% to
57.0% of people in this study population are aware of diabetes con-
cepts, symptoms, and complications(Al Shafaee et al., 2008). Simi-
larly, it was found that about half of the subpopulation in Mongolia
had never heard of diabetes, and one-fifth of the population had
never heard of it completely(Demaio et al., 2013). About 58% of
Malaysia’s rural adult population does not know much about dia-
betes(Minhat and Hamedon, 2014), compared to 57% of Pakistan’s
rural population poor understanding of diabetes (Ulvi et al., 2009).
It is essential to educate the general public about diabetes mellitus,
its complications, its risk factors, and treatment to control it as
effectively as possible (Robert et al., 2020, Alluhaymid et al.,
2020, Vijh et al., 2023). A significant point that needs to be noted
is that many diabetics, even those who have been diagnosed with
the disease, do not realize they have the disease until the disease
has already developed its life-threatening complications. People
will be able to manage and prevent many of the health problems
associated with diabetes if they have a greater understanding of
the disease at a population level. As one of the third largest coun-
tries in the Middle East and one of the oldest in the region, Saudi
Arabia, there is a lack of awareness among the general population
regarding diabetes mellitus, its complications, as well as the risk
factors that contribute to this disease. This is despite the fact that
Riyadh is the capital city and the largest city in Saudi Arabia. As
part of our research, we conducted a comprehensive review of
the literature. In our search, we were not able to find any studies
that reported on the diabetes risk level and the level of diabetes
awareness in the Saudi population that were able to answer these
questions.

In this study, we investigated the risk levels associated with
diabetes mellitus. They were assessed based on whether anyone
in their family had a history of diabetes. Diabetes prevalence was
also investigated. Additionally, the researchers investigated
whether Saudi citizens were aware of the fact that they had the
disease. Using the findings of the report, the authorities will deter-
mine whether non-diabetic individuals need to be made more
aware of diabetes so that it doesn’t spread. As a result, raising
awareness about T2DM and its complications is an effective step
in reducing the negative impacts of T2DM. This is because preven-
2

tion is always more effective than treatment, considering that pre-
vention is always a better option.
2. Methods

2.1. Design

Participants in the study were non-diabetic individuals who
went to healthcare centers for health checks other than those
caused by diabetes problems. A total of five randomly selected pri-
mary healthcare centers were randomly selected from the capital
city of Saudi Arabia, Riyadh, between the end of November 2021
and the end of July 2022, to collect study data for this study. The
target group was defined on the day of the interview as those
who had reached 18 years of age or older, and who were free of
any chronic health conditions at the time of the interview. The
study excluded pregnant women, people who had difficulties com-
municating effectively, and people suffering from mental illness
from participating in this study. As part of this study, it was conve-
nient to use a random sampling method, and participation was
entirely voluntary. Participants signed a consent form acknowledg-
ing their consent to participate in the study before taking part.
Members of the research team conducted individual interviews
with all participants in this study in order to collect as much infor-
mation as possible.

2.2. Data collection

Five well-trained researchers conducted health assessments on-
site and conducted questionnaire-based interviews according to a
standard data collection protocol. Data collection includes mea-
sures of blood pressure, weight, and height, as well as smoking
habits, education status, physical activity. A hospital record indi-
cates the participant’s age and cholesterol level based on the infor-
mation provided by the hospital. To calculate a person’s Body Mass
Index (BMI), multiply their weight in kilograms by their height in
meters squared (Cameron, 1978). It was determined that standard-
ized mercury sphygmomanometers were used in order to measure
the blood pressure three times on the right arm, in accordance
with the guidelines of theWHO and International Society of Hyper-
tension (Chalmers et al., 1999). Researchers were all final-year
medical students enrolled in MBBS programs and received uniform
training. Further interviews or examinations were conducted if
missing details or errors were discovered. It was necessary to stan-
dardize all measuring instruments prior to the survey.

2.3. Instrument and setting

The development of the standard bilingual (English and Arabic)
questionnaire was based on an extensive literature review that
was based on previous studies and guidelines. There were three
parts to the questionnaire: the first part about the sociodemo-
graphic background of the respondents. In a second aspect of the
questionnaire, which was developed by the American Diabetes
Association (ADA), there was also a screening tool for diabetes risk
based on parameters developed by this organization((ADA), 2022).
It is in the third part of this article that we will discuss a number of
risk factors that are related to common awareness perceptions and
habits that are typical to a community’s culture. We collected
demographic information about the individuals in the first part
of the study. This included gender, family history of diabetes, phys-
ical activity, age, education level, and body mass index.

This questionnaire also contained a screening application that
could be used by the respondents in order to determine whether
they were at risk for diabetes, which was based on parameters that
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had been recommended by the American Diabetes Association. In
order to assess the actual risk of developing diabetes, we used a
validated questionnaire developed by the American Diabetic Asso-
ciation to assess each participant’s actual risk. As part of the ques-
tionnaire, the following questions are included: if you have had
gestational diabetes in the past or do you have a family history
of the disease, your age, gender, and your weight, and height, as
well as any history of hypertension. Based on the information col-
lected through the American Diabetes Association’s diabetes risk
questionnaire, diabetes risk factors can be determined based on
self-reported information. Those under ages of 40 year were given
no points, those between 40 and 49 years were given one point,
those between 50 and 59 years were given two points, and those
over 60 years were given three points. Males had one point and
females zero, but women with gestational diabetes had one.
Patients with a history of hypertension had 1 point, otherwise 0
points. Patients who were physically active had 0 points and those
who were not had 1. Patients with a family history of diabetes had
1 point, and those without 0 points. In relation to height and
weight, it is determined whether the individual is normal weight
0 points, or overweight 1 point. A maximum score of eleven (11)
can be achieved by adding up the scores of each of the risk factors.
A score of<5 indicates that there is a low risk of diabetes; however,
if the score is equal to or greater than 5, then there is a high risk of
undiagnosed prediabetes or type 2 diabetes. Even so, fasting blood
glucose levels (ADA) are the only method that can be used to deter-
mine the diabetes risk ratio with any reliability.

The fourth part of this study examines the relationship between
lifestyle-related knowledge and behaviors, diabetes awareness
levels, and diabetes risk factors with respect to diabetes. In order
to achieve the study’s objectives pertaining to diabetes common
awareness and regular habits, an extensive literature review was
conducted in order to design a questionnaire that participants
could conduct on themselves in order to achieve the study’s objec-
tives. A panel of four members of the medical diabetes clinical con-
sulting team with substantial experience dealing with diabetic
patients reviewed the prepared version of the document and dis-
cussed it extensively during the review process. Following two
meetings and extensive discussion, nine items were agreed upon
by the panel members. The consulting team and the ethical com-
mittee are recommended to conduct a pilot study before undertak-
ing the final study. In order to increase diabetes awareness, team
members plan to conduct a pilot study involving 25 to 40 partici-
pants. This pilot study was conducted by a family medicine clinic
in Riyadh, Saudi Arabia, which included 31 participants, during
the period of 26th September to 3rd October 2022. Our results
were shared with the Ethics Committee following the completion
of the pilot study. A reliability coefficient of 0.826 was found for
the awareness questionnaire.
2.4. Statistical analysis

For the purpose of entering and analyzing all the collected data,
Microsoft Excel was used. As a statistical analysis, IBM SPSS version
24.0 (Armonk, NY, USA) was used (IBM Corporation, Armonk, NY,
USA). In addition to estimating the prevalence, confidence intervals
of 95% were calculated. Pearson’s chi-square test and multivariate
analysis (Risk ratios) were used to determine and quantify the
associations between risk factors and awareness and the variables
considered. This study has been set at the significance level of
p < 0.05for the entire dataset.
3

3. Results

We analyzed the data of 713 participants, 474 (66.5%) of whom
were males and 239 (33.5%) of whom were females. We found sig-
nificant differences in the gender of participants as well as their
family history of DM. A majority (52.6%) of the participants were
between the ages of 18 and 39 in this study. Most participants
were graduates, followed by secondary school 30.5%, post-
graduate 9.7%, primary school 6.4%, and illiterate 2.8%. In the cur-
rent study 23.3% participants smokers, 97.1% of whom knew about
diabetes mellitus, and 69% of participants had a family history of
the diabetes. The prevalence of diabetes in the family of the partic-
ipants was 34.1% for fathers, 28.8% for mothers, and 16.5% for sib-
lings. Physically active: 16% of participants were physically active,
43.9% of participants did some exercise or were physically active
sometimes, and 40.1% of participants did not participate in any
physical activity at all in the current study. Of the participants,
30.2% had high blood pressure, 64% had increase level of choles-
terol, and 36.7% were overweight and obese. A majority of 84.2%
of participants knew diabetes affected the organs. Furthermore,
46.7% of the participants in this study had high diabetes risk
according to the ADA scale (Table1).

The risk of diabetes was 76.3% higher among participants with a
family history of diabetes. There is a 41.1% chance of diabetes
among those participants whose fathers had diabetes, and a
39.3% chance of diabetes among those participants whose mothers
had diabetes. Additionally, those participants who have siblings
with diabetes are at high risk for developing diabetes at 24%
(Table 2).
3.1. Diabetes family history and risk level among non-diabetics

The prevalence of the risk of having a family history of diabetes
is higher in the women in the family (RR = 3.12; P = 0.0001) as
compared to the men in the family (RR = 1.9; P = 0.0001), but risk
of diabetes more in the male (1.13 times higher). The majority of
participants (n = 682, 95.7%) knew diabetes is a common health
problem, among whom those with diabetic family members were
much more aware (RR = 2.38; P=<0.0001) about it, diabetes as a
common health problem among the study participants, with a par-
ticularly heightened awareness observed in individuals with dia-
betic family members. And out of 682 participants most (n = 329,
98.8%) of the participants were also in the diabetic risk subject in
the current study. The study also found that 286 participants did
not participate in physical activity despite a family history of dia-
betes (n = 188, 38.2%), and these individuals were � 1.3 times more
likely to develop diabetes than those who did participate in phys-
ical activity (RR = 1.23; P = 0.14). Furthermore, 64% of participants
stated that they had high cholesterol, but they did not have severe
chances of diabetes, they were at moderate to mild risk levels of
developing diabetes (RR = 1.05; P = 0.64). A total of 337 (47.3%)
participants out of 713 individuals had high blood pressure. Among
them, most of the participants (n = 238, 48.4%) had family mem-
bers who had diabetes mellitus. Participants with high blood pres-
sure had a � 1.3 times increased risk of developing diabetes than
those without high blood pressure (RR = 1.29; P = 0.11). Partici-
pants who smoked cigarettes had the only mild risk of developing
diabetes (RR = 1.10; P = 0.06), since smoking was not included in
the ADA’s risk calculation. Similarly, a majority (84.2%) of partici-
pants were aware that diabetes can affect other organs of the body,
but those participants with family members who have been
affected by diabetes were more likely to know (RR = 2.38, P=
<0.0001) than those without diabetes family members. The major-
ity of the participants were also aware that obesity is also a chronic



Table 1
Demographic information of participants and association with family history of DM.

Item Categories N(%) = 713 v2(P-value)

Gender Male 474(66.5) 7.55(0.05)
Female 239(33.5)

Age 18–39 375(52.6) 6.17(0.10)
40–49 192(26.9)
50–59 104(14.6)
60 or older 42(5.9)

Education level illiterate 20(2.8) 29.89(0.000)
Primary schooling 46(6.4)
Secondary schooling 217(30.5)
Graduate 361(50.6)
Post graduate 69(9.7)

So you smoke Yes 166(23.3) 17.6(0.000)
No 547(76.7)

Heard about DM Yes 692(97.1) 0.65(0.48)
No 21(2.9)

Family history of DM Yes 492(69.0) 0
No 221(30.9)

Father have DM Yes 243(34.1) 164.3(0.000)
No 470(65.7)

Mother have DM Yes 205(28.8) 128.2(0.000)
No 508(71.2)

Sibling have DM Yes 118(16.5) 53.0(0.000)
No 595(83.5)

Are you Physically active Yes 114(16.0) 7.81(0.02)
Sometime 313(43.9)
No 286(40.1)

Do you have high blood pressure Yes 215(30.2) 5.10(0.01))
No 498(69.8)

Do you have high cholesterol Yes 456(64.0) 2.85(0.24)
Not sure 133(18.7)
No 124(17.4)

Diagnosed with GDM (Women) Yes 55(7.7) 13.1(0.000)
No 658(92.3)

Do you think diabetes affect organs Yes 600(84.2) 3.05(0.05)
No 113(15.8)

BMI Underweight 199(27.9) 1.26(0.73)
Normal 252(35.3)
Overweight 226(31.7)
Obese 36(5.0)

DM risk test according to ADA scale No risk/low 380(53.3) 14.7(0.000)
High risk 333(46.7)

Awareness level Poor 82(11.5) 5.29(0.07)
Moderate 298(41.8)
Good 333(46.7)
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disease, and it is associated with a higher risk of developing dia-
betes as a result of being overweight and obese (Table 3).
3.2. Family history of diabetes and risk level in non-diabetes
participants about their lifestyle knowledge and behavior

As a result of this study, we found that there was some lack of
knowledge about consuming soft drinks. The majority of partici-
pants taking soft drinks among them knew that they had a family
history of diabetes, and these individuals had a significant level
(RR = 1.3; P = 0.03) of diabetes risk. Participants who consumed a
high amount of animal products (meat, milk, eggs, etc.) also had
a significantly higher risk of diabetes (RR = 1.4; P = 0.04). Among
participants with a family history of diabetes, 3.8 times more veg-
etables were consumed (RR = 3.8; P = 0.003). In contrast, those who
did not consume vegetables had a higher risk of developing dia-
betes (sometimes vegetables = 2.0 times; really using vegeta-
bles = 1.1 times). The majority of those who have a family
history of diabetes consume more fruit in their daily lives
(RR = 2.4; P=<0.0001) than those who do not have a family history
of diabetes. In addition, those who took fruits for a longer period of
time had a reduced risk of diabetes than those who took fruits for a
shorter period of time (RR = 1.8; P = 0.14). A higher risk of diabetes
was also associated with the consumption of candy (89.3%; 1.13
4

times higher) and junk food (86.1%; 1.2 times higher). In the cur-
rent study, coffee consumption was associated with an increased
risk of diabetes (RR = 1.29; P = 0.25). The majority of participants
(n = 334; 46.8%) reported consuming bakery items, and among
them, a majority of participants (n = 261; 53%) had a family history
of diabetes. A severe (1.6 times higher) risk of diabetes is associ-
ated with the consumption of more bakery items (RR = 1.62;
P=<0.0001). There was a mild association between eating more
dry fruits and diabetes risk (Table 4).
4. Discussion

There are very few studies in Saudi Arabia that have examined
diabetes awareness knowledge based on their family history of
diabetes and risk levels among non-diabetic individuals. There is
a mild to moderate association between family history and T2D.
In the current study, 76% of participants had families with a history
of diabetes. Of these participants, 41.1% were at high risk of dia-
betes if their father had diabetes, 39.3% were at high risk of dia-
betes if their mother had diabetes, and 24% had diabetes risk if
they were siblings. All of this information is based on a diabetes
risk test conducted by the ADA. It is only possible to calculate
the diabetes risk ratio accurately by measuring the fasting blood
glucose level (ADA). As far as family history and T2D incidence



Table 2
Multivariate analysis for diabetes risk levels in different categories of participants.

Item Categories N(%) Family history of DM Diabetes Risk test

Yes 95%CI P-value No* Higher
risk

95%CI P-value Low/ no risk
**

Gender Male 474
(66.5)

311
(63.2)

1.90(1.5–
2.3)

< 0.0001 163
(73.8)

252(75.7) 1.13(0.91–
1.4)

0.26 222(58.4)

Female 239
(33.5)

181
(36.8)

3.12(2.2–
4.4)

< 0.0001 58(26.2) 81(24.3) 0.51(0.37–
0.70)

< 0.0001 158(41.6)

Diabetes is a common health
problem

Yes 682
(95.7)

479
(97.4)

2.38(1.9–
2.8)

< 0.0001 201
(91.8)

329(98.8) 0.93(0.78–
1.1)

0.45 353(92.9)

No 31(4.3) 13(2.6) 0.70(0.30–
1.7)

0.46 18(8.2) 4(1.2) 0.14(0.04–
0.47)

0.001 27(7.1)

Could diabetes be prevented Yes 594
(83.3)

425
(86.4)

2.54(2.0–
3.14)

< 0.0001 167
(76.3)

282(84.7) 0.90(0.74–
1.1)

0.31 312(82.1)

No 119
(16.7)

67(13.6) 1.28(0.82–
2.0)

0.26 52(23.7) 51(15.3) 0.75(0.48–
1.16)

0.2 68(17.9)

Are you Physical active Yes 114(16) 72(14.6) 1.71(1.08–
2.7)

0.02 42(19.0) 50(15.0) 0.78(0.49–
1.2)

0.28 64(16.8)

Not
regularly

313
(43.9)

232
(47.2)

2.86(2.12–
3.8)

< 0.0001 81(36.7) 125(37.5) 0.67(0.5–
0.87)

0.003 188(49.5)

No 286
(40.1)

188
(38.2)

1.91(1.42–
2.5)

< 0.0001 98(44.3) 158(47.4) 1.23(0.92–
1.6)

0.14 128(33.7)

High cholesterol Yes 456
(64.0)

324
(65.9)

2.45(1.9–
3.12)

< 0.0001 132
(59.7)

234(70.3) 1.05(0.84–
1.3)

0.64 222(58.4)

Not sure 133
(18.7)

83(16.9) 1.67(1.08–
2.5)

0.01 50(22.6) 34(10.2) 0.34(0.21–
0.54)

< 0.0001 99(26.1)

No 124
(17.4)

85(17.3) 2.17(1.38–
3.4)

0.0008 39(17.6) 65(19.5) 1.1(0.71–1.6) 0.66 59(15.5)

High blood pressure Yes 337
(47.3)

238
(48.4)

2.4(1.8–3.1) < 0.0001 99(44.8) 186(55.9) 1.23(0.94–
1.6)

0.11 151(39.7)

Not sure 183
(25.7)

121
(24.6)

1.95(1.35–
2.8)

0.0004 62(28.1) 56(16.8) 0.44(0.30–
0.64)

< 0.0001 127(33.4)

No 193
(27.1)

133
(27.0)

2.2(1.53–
3.19)

< 0.0001 60(27.1) 91(27.3) 0.89(0.63–
1.26)

0.51 102(26.8)

Smoking cigarettes Yes 320
(44.9)

223
(45.3)

2.29(1.7–
3.05)

< 0.0001 97(43.9) 180(54.1) 1.28(0.98–
1.6)

0.06 140(36.8)

Sometime 139
(19.5)

90(18.3) 1.83(1.20–
2.7)

0.004 49(22.2) 57(17.1) 0.69(0.46––
1.0)

0.08 82(21.6)

No 254
(35.6)

179
(36.4)

2.38(1.7–
3.2)

< 0.0001 75(33.9) 96(28.8) 0.60(0.44–
0.82)

0.001 158(41.6)

Diabetes affect other body organs Yes 600
(84.2)

423
(86.0)

2.38(1.9–
2.9)

< 0.0001 177
(80.1)

302(90.7) 1.01(0.83–
1.2)

0.89 298(78.4)

No 113
(15.8)

69(14.0) 1.56(0.99–
2.4)

0.05 44(19.9) 31(9.3) 0.37(0.23–
0.61)

0.0001 82(21.6)

Being overweight or obese Yes 651
(91.3)

449
(91.3)

2.2(1.8–2.7) < 0.0001 202
(91.4)

309(92.8) 0.90(0.74–
1.0)

0.29 342(90)

Not sure 10(1.4) 5(1.0) 1.0(0.21–
4.5)

1 5(2.3) 3(0.9) 0.42(0.08–
2.1)

0.3 7(1.8)

No 52(7.3) 38(7.7) 2.71(1.31–
5.5)

0.006 14(6.3) 21(6.3) 0.67(0.34–
1.32)

0.25 31(8.2)

*No– Participants without a family history of DM were used as a reference;
** Low/No risk – participants with low or no risk of DM were used as a reference.
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are concerned, the European countries did not show any evidence
of heterogeneity. The risk was even higher for individuals with two
or more relatives with diabetes or with a younger mother’s diagno-
sis (Scott et al., 2013). Having a diabetic spouse increases your risk
of developing diabetes, confirming there are shared environmental
factors involved (Khan et al., 2003). Even so, only a minority of
women’s risks could be explained by lifestyle and anthropometric
factors in an analysis of the only large prospective study that
examined the interaction between family history and risk in an
attractive prospective setting (van ’t Riet et al., 2010, Abdulghani
et al., 2023). Biological parents who had diabetes posed a sustained
increase in the risk of T2D (Hemminki et al., 2010). In another
Swedish, study reported that A family risk greater than 30% can
be considered clinically relevant when two siblings have diabetes
(Hemminki et al., 2010). Diabetes awareness was higher or moder-
ate among participants with secondary or higher education, as
90.0% had such education. There is a correlation between educa-
tion and diabetes awareness scores in other parts of the world,
5

consistent with the finding and evidence that education plays a
significant role in the knowledge of diabetes. Approximately 90%
of the participants had secondary or higher education, which
may account for higher or moderate levels of diabetes awareness.
In other parts of the world, there have been many studies that have
found a positive correlation between educational attainment and
diabetes awareness score, which is consistent with the fact that
education is a predictor of diabetes awareness in other parts of
the world (Al Shafaee et al., 2008, Kassahun and Mekonen, 2017).
The current study found that many participants believed diabetes
was a common problem among them, especially those with a fam-
ily history of diabetes. An identical finding was reported by many
studies: If one family member had a diabetes problem, more or less
everyone in the family knew about diabetes(Kassahun and
Mekonen, 2017, Scott et al., 2013, Sargeant et al., 2000, H. M.
Abdulghani; M. M Ahmed; A. M. Al-Rezqi; S. A. Althunayan,
2021). In the current study, diabetes awareness scores were not
equally distributed among physically active and non-active indi-



Table 3
Multivariate analysis of association of knowledge and behaviors factors with their diabetes risk levels.

Item Categories N(%) Family history of DM Diabetes Risk test

Yes 95%CI P-value No * Higher
risk

95%CI p-value Low/ no risk
**

Drinking good amount of soft
drinks

Yes 617
(86.7)

420
(85.4)

2.1(1.7–2.6) < 0.0001 197
(90.0)

308(92.5) 1.3(0.8–1.5) 0.03 311(81.8)

Sometime 54(7.6) 46(9.3) 5.7(2.4–
13.3)

< 0.0001 8(3.7) 18(5.4) 0.50(0.2–
0.9)

0.04 36(9.5)

No 40(5.6) 26(5.3) 1.8(0.84–
4.0)

0.12 14(6.4) 7(2.1) 0.2(0.08–
0.5)

0.001 33(8.7)

Consuming lots of animal
products

Yes 222
(31.1)

148
(30.1)

2.0(1.43–
2.7)

0.0001 74(33.8) 129(38.7) 1.4(1.0–1.9) 0.04 93(24.5)

Sometime 132
(18.5)

90(18.3) 2.1(1.38–
3.3)

0.0007 42(19.2) 66(19.8) 1(0.6–1.5) 1 66(17.4)

No 359
(50.4)

254
(51.6)

2.4(1.8–3.2) < 0.0001 103
(47.0)

138(41.4) 0.62(0.4–
0.8)

0.003 221(58.2)

Eating more vegetables Yes 39(5.5) 31(6.3) 3.8(1.5–9.4) 0.003 8(3.7) 10(3.0) 0.34(0.14–
0.8)

0.01 29(7.6)

Sometime 24(3.4) 14(2.8) 1.4(0.52–
3.7)

0.5 10(4.6) 16(4.8) 2.0(0.7–5.5) 0.18 8(2.1)

No 650
(91.2)

447
(90.9)

2.2(1.8–2.7) < 0.0001 201
(91.8)

307(92.2) 1.1(0.7–1.3) 0.24 343(90.3)

Eating lots of fruits Yes 157
(22.0)

112
(22.8)

2.4(1.6–3.7) < 0.0001 45(20.5) 70(21.0) 0.8(0.54–
1.1)

0.26 87(22.9)

Sometime 37(5.2) 23(4.7) 1.6(0.73–
3.6)

0.22 14(6.4) 24(7.2) 1.8(0.81–
4.1)

0.14 13(3.4)

No 519
(72.8)

357
(72.6)

2.2(1.7–2.7) < 0.0001 160
(73.1)

239(71.8) 0.85(0.6–
1.0)

0.14 280(73.7)

Eating candy in daily life Yes 637
(89.3)

446
(90.7)

2.3(1.9–2.8) < 0.0001 189
(86.3)

307(92.2) 1.13(0.9–
1.3)

0.18 330(86.8)

Sometime 25(3.5) 16(3.3) 1.7(0.66–
4.7)

0.25 9(4.1) 12(3.6) 0.92(0.3–
2.4)

0.87 13(3.4)

No 51(7.2) 30(6.1) 1.4(0.72–
2.8)

0.3 21(9.6) 14(4.2) 0.37(0.18–
0.7)

0.008 37(9.7)

Eating junk food or market food Yes 614
(86.1)

428
(87.0)

2.3(1.8–2.8) < 0.0001 184
(84.0)

301(90.4) 1.2(1.0–1.4) 0.02 313(82.4)

Sometime 55(6.2) 35(7.1) 1.7(0.90–
3.4)

0.09 20(9.1) 22(6.6) 0.67(0.34–
1.2)

0.22 33(8.7)

No 44(6.2) 29(5.9) 1.9(0.9–
4.09)

0.08 15(6.8) 10(3.0) 0.29(0.12–
0.6)

0.003 34(8.9)

Drinking Coffee (Everyday) Yes 117
(16.4)

89(18.1) 3.1(1.9–5.2) < 0.0001 28(12.8) 66(19.8) 1.29(0.82–
2.0)

0.25 51(13.4)

Sometime 132
(18.5)

85(17.3) 1.8(1.1–2.7) 0.007 47(21.5) 59(17.7) 0.80(0.53–
1.2)

0.31 73(19.2)

No 464
(65.1)

318
(64.6)

2.2(1.7–2.7) < 0.0001 144
(65.8)

208(62.5) 0.81(0.64–
1.0)

0.06 256(67.4)

Consuming more bakery items Yes 334
(46.8)

261
(53.0)

3.5(2.6–4.8) < 0.0001 73(33.4) 207(62.1) 1.62(1.2–
2.1)

0.0004 127(33.4)

Sometime 254
(35.6)

147
(29.8)

1.3(1.01–
1.8)

0.04 107
(48.8)

73(21.9) 0.40(0.29–
0.5)

< 0.0001 181(47.6)

No 123
(17.3)

84(17.0) 2.1(1.3–3.3) 0.0009 39(17.8) 53(15.9) 0.75(0.48–
1.1)

0.21 70(18.4)

Eating dry fruits Yes 201
(28.2)

57(25.8) 0.3(0.27–
0.5)

0.0001 144
(29.3)

109(32.7) 1.18(0.84–
1.6)

0.32 92(24.2)

Sometime 182
(25.5)

62(28.1) 0.51(0.3–
0.7)

0.0005 120
(24.4)

85(25.5) 0.87(0.61–
1.2)

0.46 97(25.5)

No 330
(46.3)

102
(46.2)

0.44(0.3–
0.5)

< 0.0001 228
(46.3)

139(41.7) 0.72(0.5–
0.95)

0.01 191(50.3)

*No– Participants without a family history of DM were used as a reference;
** Low/No risk – participants with low or no risk of DM were used as a reference.

Table 4
Link of Family History with ADA risk scale.

Diabetes history Categories N(%) ADA Risk scale

High risk No risk/ Low

Family history Yes 333(46.7) 254 (76.3) 79(23.7)
Father Yes 333(46.7) 137(41.1) 196(58.9)
Moher Yes 333(46.7) 131(39.3) 202(60.7)
Siblings Yes 333(46.7) 80(24.0) 253(76.0)
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viduals, but physically inactive people had high diabetes risk
scores. Hot weather during most of the year may prevent physical
6

activity in the Saudi population(Al-Drees et al., 2016, Kanaley et al.,
2022, Teich et al., 2019). There was a mild level of diabetes risk due
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to high cholesterol in 64% of the current study participants. People
with diabetes are at an increased risk of hypertension, heart dis-
ease, retinopathy and foot problems due to the uncontrolled hemo-
globin A1c levels, as well as high serum cholesterol levels (Hsu
et al., 2000, Ravid et al., 1998, Abdulghani et al., 2018). Our finding
similar with, Hypertensive participants also had a significantly
high diabetes risk score(Vesa et al., 2020, Abdulghani et al.,
2021). When you do not engage in physical activity, you may gain
weight as a result of a sedentary lifestyle. Obesity is a risk factor for
metabolic diseases, particularly diabetes. Almost � 92% of partici-
pants who were aware of being overweight or obese had chronic
health conditions, including diabetes. Participants from other
countries were also at a higher risk of diabetes if they were obese
or overweight(Al-Thani et al., 2019, Fatema et al., 2017). Microvas-
cular diabetes complications are affected differently by smoking in
different reports. Smoking has been shown to adversely affect dia-
betic nephropathy in several studies, but its effect on retinopathy
and neuropathy is unclear(Targher et al., 1997). The current study
found that smokers had � 1.3 times higher chance of diabetes than
those who didn’t smoke. Animal protein, saturated fat, and refined
carbohydrates are typically found in a diet that is low in these
foods and high in animal protein. There is an increase in diabetes
due to the consumption of more animal products and protein
(Trapp and Barnard, 2010).

Many evidence base study reported that the healthy or low car-
bohydrate containing diet reduced the glycemic index and BMI of
the people with diabetes (Baqer et al., 2022 & Al-Ozairi et al.,
2022).

The risk of diabetes was higher (1.4 times) in participants who
consumed more animal products than in those who consumed the
least in the current study. Similar study found that, in cross-
sectional and prospective studies, eating meat regularly may
increase diabetes risk by as much as twice compared to avoiding
meat altogether(Vang et al., 2008, Tonstad et al., 2013). Other diet-
ary components influence insulin sensitivity in food trials or pro-
tect against diabetes in observational studies (Jenkins et al.,
2003). Vegetarian diets are high in vegetables and fruit, which
reduce oxidative stress, chronic inflammation, and free radical
damage. There is evidence that vegans consume an average of
one-third more vegetables and fruits each day than non-
vegetarians do on a daily basis (Tonstad et al., 2009). These dietary
components have been shown to reduce type 2 diabetes by 40%
based on observational studies(Jenkins et al., 2003). Additionally,
we found that individuals who consume fruits and vegetables are
much less likely to develop diabetes. Bakery products are widely
consumed in the KSA. A local and international study found that
participants who consumed more bakery products had signifi-
cantly higher risk scores for diabetes (Abdulghani et al., 2021,
Midhet et al., 2010, Hodge et al., 2007). Several studies have shown
that dietary changes are effective in delaying or preventing type 2
diabetes(Wang et al., 2016). Many evidence base study reported
that the healthy or low carbohydrate containing diet reduced the
glycemic index and BMI of the people with diabetes (Baqer et al.,
2022, Al-Ozairi et al., 2023). Study participants’ awareness of dia-
betes affects their other body organs, as we found in the current
study. Diabetes can damage the blood vessels anywhere in the
body over time, from the legs to the kidneys to the eyes, which
is called diabetic vascular disease. There is a close correlation
between excessive visceral obesity and cardiovascular diseases,
as well as the cardiovascular risk factors associated with excess
visceral obesity and type 2 diabetes mellitus (Ford, 2005, Yusuf
et al., 2005). There are a few limitations to be addressed. Using
the convenience sampling method, the participants were selected
from one of Saudi Arabia’s biggest cities, Riyadh. Therefore, it
was not possible to generalize the findings of the study. A study
could be conducted on this matter in more depth about the same
7

disciplines. A participant without a medical record is also excluded
from the current study.

5. Conclusion

Proactive public health awareness campaigns can reduce dia-
betes prevalence risks in the general population, particularly
among the elderly, those with less education, and those who are
physically inactive and obese. The data underscores the signifi-
cance of family history as a key factor in diabetes risk assessment.
This highlights the strength and independence of family history as
a risk factor for T2D. T2D etiology can be better understood by
understanding the factors explaining the relationship between
family history and risk. Adopting a healthier lifestyle by limiting
soft drink consumption and moderating the intake of animal prod-
ucts may play a significant role in reducing the risk of diabetes
among susceptible individuals. Saudi Arabia was at high risk of dia-
betes, which necessitated evidence-based lifestyle modifications.
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