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ABSTRACT: Diabetes is a major growing public health issue and prediabetes has
been considered to be a reversible condition. The purpose of the present study was to
assess knowledge of prediabetes and its risk factors for the community in the Al-Ahsa
region. A cross-sectional community-based study was conducted in the Al-Ahsa region
from mid-to-late December, 2018. Of the 812 respondents who gave consent to
participate in the interview; 13.2% of the respondents reported that they had diabetes.
Among the respondents, 87.1% had a high level of knowledge of prediabetes, while
12.9% had low-to moderate knowledge. Overall, there was a statistically significant
association between age and prediabetes knowledge (¥2 = 5.006, » = 0.025).
Occupation also showed a significant statistical association with prediabetes
knowledge (#2 = 9.85, » = 0.02). People in Al-Ahsa demonstrated a high level of
knowledge regarding some risk factors for prediabetes. However, there were a number
of deficiencies in the knowledge of prediabetes risk factors and preventive measures as
well as in general knowledge of prediabetes, which may lead to a high prevalence of
prediabetes and diabetes.
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INTRODUCTION

Diabetes is a major growing public health issue(Al-Mutairi et al., 2013). The disease
currently affects around 463 million people globally(Lorga et al., 2012; World Health
Organization, 2020)and approximately 55 million in the Middle East and North Africa
(MENA)(World Health Organization, 2020). The World Health Organization (WHO)
has predicted the global prevalence of diabetes to double by 2030,(Lorga et al., 2012;
World Health Organization., n.d.)and the number of cases in MENA to rise to 108
million by 2045(World Health Organization, 2020). Furthermore, 70% of all current
diabetes cases affect people in developing countries (Islam et al., 2016; World diabetes
foundation, n.d.).
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In terms of its rate of diabetes, Saudi Arabia has been ranked by the WHO as the second
highest country in the Middle East and the seventh worldwide (Abdulaziz Al Dawish
et al., 2016). Moreover, the WHO has reported the prevalence of diabetes in Saudi
adults to be as high as 18.3%.(World Health Organization, 2020)A number of other
studies have reported the prevalence of prediabetes in Saudi Arabia to be between
11.9% and 27.6% (Aldossari et al., 2018; Bahijri et al., 2016; Ghoraba et al.,
2016).Complications and mortality related to diabetes have a worldwide impact on
healthcare systems, economies and societies, and families and individuals (McAdam,
2013). Globally, the number of diabetes-related deaths in 2011was approximately 4.6
million (McAdam, 2013). A recent study from Saudi Arabia also showed that 25 billion
Riyals is spent on healthcare for those with diabetes, while 17 billion Riyals covers the
healthcare costs of all other Saudis (Mokdad et al., 2015). Overall, approximately
13.9% of the total healthcare expenditure in Saudi Arabia is spent on diabetes (Mokdad
etal., 2015).

Prediabetes is a condition in which blood glucose or hemoglobin Alc levels are higher
than normal but not sufficiently high to be categorized as diabetes (Li et al., 2013).
According to the American Diabetes Association (ADA), people without diabetes are
classified as having prediabetes if they have a glycated hemoglobin (HbAlc) value
between 5.7% and 6.4%, impaired fasting glucose (IFG) between 100 and 125 mg/dl,
or impaired glucose tolerance (IGT) between 140 and 199mg/dl (American Diabetes
Association, 2017; Prevention, 2011). However, only a minority of people with
prediabetes are aware of their conditions. For example, one study indicates that only
7% of the United States population with prediabetes is aware of having this condition
(Geiss et al., 2010).

Prediabetes is a risk factor for cardiovascular disease, and individuals with prediabetes
are more prone to develop type 2 diabetes than those with normal blood glucose levels
(Aekplakorn et al., 2006). Recently, prediabetes has been considered to be a reversible
condition;(Tuso, 2014) a modification of lifestyle and other intervention can be
successfully applied during the prediabetes period to prevent the development of type
2 diabetes (Lorga et al., 2012).

To the best of our knowledge there has been little or no attention paid to assessing
knowledge of prediabetes and its risk factors for the community in the Al-Ahsa region
of Saudi Arabia, or in Saudi Arabia more generally. Instead, previous studies have been
limited to assessing the prevalence of prediabetes and its risk factors (Aldossari et al.,
2018; Bahijri et al., 2016; Ghoraba et al., 2016). Therefore, it is important to undertake
a reliable assessment of community knowledge of prediabetes and its predictors in the
Al-Ahsa region as well as in other regions in Saudi Arabia. It was also determined that
there is a necessity to obtain data that assists in combating issues related to development
of type 2 diabetes. To combat these issues would require designing appropriate
preventive programs and policies that assist in prediabetes treatment and diabetes
prevention.
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METHODOLOGY

Study design and population

A cross-sectional community-based study was conducted in the Al-Ahsa region from
mid-to-late December, 2018. The Al-Ahsa region is located in Saudi Arabia’s Eastern
Province, 160km from the Arabian Gulf. It has been divided into cities and villages
with various markets and shopping centers. In this study, the entire populations of Al-
Ahsa were considered as the target population. Therefore, the study included all people
who visited shopping centers during the study period, so long as they were over the age
of 15 years and gave consent to participate in the study. These included both men and
women and both those with and without diabetes. People who were younger than 15
years or who did not give consent were excluded from the study. Impaired fasting
glucose or prediabetes was defined as having a fasting plasma glucose (FPG)level
between 100-126 mg/dl (Aekplakorn et al., 2006; Care, 2004; Janiszewski et al., 2007).

Data collection

The data was collected through structured face-to-face interviews with the respondents.
This method was chosen over a self-administered survey to ensure the validity of the
answers. A pre-piloted survey in the Arabic language was used in one of the shopping
centers that were not included in the study. The data collectors asked all questions
directly in a standardized manner to ensure reliability. The survey included
demographic characteristics (i.e., age, sex, nationality, educational level, and
occupation) and open-ended questions about prediabetes risk factors (i.e., weight,
nationality, and smoking status) as well as prevention (i.e., exercise and dieting). In
addition, the survey included general questions about prediabetes (i.e., “have you heard
of prediabetes?”and “do you know what the normal level of HbAlc is?”).

Trained interviewers conducted the interviews. Male interviewers interviewed the male
participants, and female interviewers interviewed the female participants.

Sampling

A sample size of 812 was determined using a single-proportion formula based on the
assumption that 50% of the study population lacked knowledge of prediabetes. There
was a 95% confidence interval, a3.44% marginal error, and the target population was
1,063,112 (General Authority for Statistics, 2017).All shopping centers, malls, and Toy
Towns in the Al-Ahsa region were included in the community prediabetes and diabetes
education program (41 centers). As a part of the education program, an assessment of
prediabetes knowledge was carried out. Based on the calculated sample size, a
systematic random sampling technique was used to gather the participants. To this end,
every 10" respondent of all those who came to the centers or malls during the study
period, fulfilled the inclusion criteria, and agreed to participate in the study was
included. The first respondent was thus the 10" respondent who agreed to participate
in the study.

Data analysis

Data were entered, cleaned, checked, and analyzed using version 21 of the Statistical
Package for the Social Sciences (SPSS) program. Frequency distributions were
obtained, and cross-tabulation was performed to determine the correlations between the
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variables. A logistic regression analysis was used to identify the knowledge predictors.
The chi-squared test was used to test the significance, with a p-value <0.05 indicating
statistical significance. In addition, 95% confidence intervals were calculated. For
knowledge scoring, we used 12 questions on prediabetes. For knowledge of prediabetes
risk factors and preventive measures, a score of zero was given for answering
incorrectly or not knowing the answer, and a score of one for giving the correct answer.
Each respondent’s scores were assessed together based on Bloom’s cut-off point (Koo
et al., 2015). Based on the total scores, the level of knowledge was classified as high
(80%—-100%; respondents who had scores of 10-12 out of the 12), moderate (60%—
80%; respondents who had scores of 8-9),or low (less than 60%; respondents who had
scores of 0—7) (Yimer, 2014). The knowledge scores of the moderate and low groups
were then considered together as one group with low-to-moderate knowledge.

Ethical considerations

The study was approved by the Ethical Committee of the King Fahad Hofuf Hospital
(KFHH) and by the administration of the KFHH. Verbal consent was acquired from the
participants before the interviews were conducted. In addition, agreement to participate
in the interview was considered as consent. The objectives, potential benefits, and
anonymity of the data collection were explained to the participants before the interview.
Participation in the study was voluntary, and participants could withdrawal from the
interview at any point without consequence. Further, the individual benefits of
participating were explained to the participants. Health education pamphlets about
diabetes and prediabetes risk factors and preventive measures were given to the
participants at the end of the interview.

RESULTS

Of the 812 respondents who gave consent to participate in the interview, the male to
female ratio was 1.1:1, such that more than half of the respondents (52%) were male.
The mean age of the respondents was 32 years, with a standard deviation of 12.3 and a
range of 15-66 years. A significant proportion (51.7%) of the respondents was older
than 40 years. A minority of the respondents (13%) had a nationality other than Saudi,
whereas the majority (87%) was Saudi nationals. More than half of respondents
(68.3%) were married (Table 1).

With regard to education level, 53% of respondents had university or higher
qualifications, 27.7% had high school qualifications, and 19% had low or intermediate
qualifications. With respect to occupation, 10% of the respondents were healthcare
practitioners, 13.7% worked in administration, and more than half (68%) had other
occupations. The majority of the respondents (80.8%) were non-smokers. 13.2% of the
respondents reported that they had diabetes, while more than half (68%) had a family
history of diabetes (Table 1).
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Table 1. Characteristics of respondents in Al-Ahsa community, 2018 (n=812).

Variable Count %
Age <40 years 392 48.3
>40 years 420 51.7
Gender Male 422 52.0
Female 390 48.0
Nationality Saudi 706 87.0
non Saudi 106 13.0
Marital status Single 257 31.7
Married 555 68.3
Education Intermediate  school and 154 19.0
below
High school 225 27.7
University and higher 433 53.3
Occupation Health practitioner 82 10.1
Administrative 111 13.7
Business 94 11.6
Other 525 64.7
History of smoking Yes 156 19.2
No 656 80.8
Having diabetes Yes 108 13.2
No 704 86.8
Family history of diabetes Yes 552 68.0
No 191 235
Do not know 69 8.5
Knowledge High knowledge 707 87.1
Moderate to low knowledge 105 12.9
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Among the respondents, 87.1% had a high level of knowledge of prediabetes, while
12.9% had low-to-moderate knowledge. At the same time, 84% of the respondents aged
40 years or older had a high level of knowledge.

There was considerable variation in the responses among the respondents with regard
to knowledge of prediabetes prevention and risk factors. Less than half (45.6%) of the
respondents had knowledge of prediabetes. However, more than half (53.6%) of
respondents knew the definition of prediabetes (either a fasting blood sugar level
between 100 and 126 mg/dl or an HbA1c level between 5.5% and 6.4%).The majority
of respondents (82.6%) were aware that being overweight or having an older age could
cause prediabetes. Regarding prediabetes prevention, 78.2% of respondents had the
knowledge that prediabetes can be prevented with regular daily exercise for at least 30
minutes or with dieting. However, less than half of the respondents (38.7%) knew that
prediabetes is symptomless. 75.7% of respondents correctly answered that people aged
45 years or older should be screened for prediabetes. At the same time, 54.7% of
respondents identified that people always have prediabetes first before developing
diabetes. 87.6% of respondents responded correctly that family history of type2
diabetes is a risk factor for prediabetes. Moreover, more than two-thirds of the
respondents (73.3%) correctly identified that preeclampsia is a risk factor for
prediabetes. In addition, less than half of the respondents (46.8%) responded correctly
thata body mass index equal to 20 is a risk factor for prediabetes. At the same time,
64.2% of respondents correctly identified that being Asian is a risk factor for
prediabetes (Table 2).

Table 2. Awareness of prediabetes in Al-Ahsa community, 2018 (n=812).

Variable Count %
Do you know prediabetes? Yes 370 45.6
No 442 54.4
Do you know the prediabetes definition? Yes 435 53.6
No 377 46.4
Do you know that weight and age cause prediabetes? Yes 671 82.6
No 141 17.4
Do you that diet and exercise for 30 min daily can treatYes 635 78.2
prediabetes?
No 177 21.8
Do you know that prediabetes patients are symptomless? Yes 314 38.7
No 498 61.3
Do know that 45years or old has to be screened for prediabetes?Yes 615 75.7
No 197 24.3
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Do you know that always people get prediabetes before DM? Yes 444 54.7
No 368 45.3
Do you that family history of DM2 is a risk factor forYes 711 87.6
prediabetes?
No 101 12.4
Do you know that pre-eclampsia is a risk factor for prediabetes?Yes 595 73.3
No 217 26.7
Do you know that BMI=20 is a risk factor for prediabetes?  Yes 380 46.8
No 432 53.2
Do you know that Asian is a risk factor for prediabetes? Yes 521 64.2
No 291 35.8

84% of males 40 years of age or older, 88.7% (384) of people with university or higher
education, and 95.1% (78) of people who worked as health practitioners had high
knowledge of prediabetes. Overall, there was a statistically significant association
between age and prediabetes knowledge(x? = 5.006,p = 0.025). In addition, there
was a statistically significant association between sex and prediabetes knowledge(x? =
3.89,p = 0.048). Occupation also showed a significant statistical association with
prediabetes knowledge(x? = 9.85,p = 0.02). However, there was no statistically
significant association between education and prediabetes knowledge (x? = 2.64,p =
0.48) (Table 3).

Table 3. Knowledge of prediabetes in relation to age, sex, education, occupation and family history
among respondents (n=812).

High knowledge Moderate to low

knowledge
Total  No.  (x%p)
No. (%) No. (%) (%)
Age < 40 years 352 (89.8) 40 (10.2) 392 (100) (5.006,0.025
> 40 years 355 (84.5) 65 (15.5) 420(100)
Sex Male 358 (84.8) 64 (15.2) 422(100) 3.89,0.048
Female 349 (89.5) 41 (10.5) 390(100)
Education  Intermediate  school 129 (83.8) 25 (16.2) 154(100) 2.64,0.48
and below
High school 194 (86.2) 31 (13.8) 225(100)
University and higher 384 (88.7) 49 (11.3) 433(100)
Occupation Health practitioner 78 (95.1) 4 (4.9) 82(100) 9.85,0.02
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Administrative 94 (84.7) 17 (15.3) 111(100)

Business 75 (79.8) 19 (20.2) 94(100)

Other 460 (87.6) 65 (12.4) 525(100)
Family Yes 485 (87.9) 67 (12.1) 552 (100) 5.65, 0.059
history  of
diabetes No 222 (85.4) 38 (14.6) 260 (100)

The independent variables (age, sex, education, and occupation) were entered into a
regression model that revealed that age had a significant statistical association with
knowledge of prediabetes (Table 4).

Table 4. Binary logistic Regression analysis showing predictors of prediabetes knowledge among
respondents (n=812).

Variables Knowledge of prediabetes
Odds ratio 95% ClI P- value
Age(< 40=0)* 0.634 0.415-0.97 0.036
Sex 0.667 0.434-1.03 0.065
Education 0.831 0.639-1.08 0.170
Occupation 1.104 0.889 — 1.37 0.370
Constant 0.357 0.074

*Reference category; Cl: Confidence Intervals

DISCUSSION

The present study was the first population-based study assessing prediabetes awareness
in Al-Ahsa. Perception of prediabetes can lead to early detection of the condition, which
is fundamental to preventing diabetes and its complications (Association, 2014; Care,
2018; Mainous et al., 2019). Several studies have reported that <10% of individuals are
aware of prediabetes (Geiss et al., 2010; Gopalan et al., 2015). In contrast to these
previous studies, the present study revealed that a significantly higher percentage of
respondents had a high level of knowledge of prediabetes. However, in line with
previous studies, the current study highlights a range of deficiencies in knowledge about
prediabetes. One previous study showed that one-third of American had prediabetes,
while only 10% of these were aware of their condition (Prevention, 2019). Another
study showed that more than half of its participants were not aware of their prediabetes
(Roper et al., 2019). Zhuanget al. reported a similar low percentage (21.6%) of Chinese
respondents with prediabetes who had also heard of prediabetes (Zhuang et al., 2015).
However, Campbell et al. also showed that a high proportion of their total sample of
2,999 United States adults with prediabetes were aware of their status (Campbell et al.,
2016).The high level of prediabetes knowledge in the present study could be due to the
high education level among some of the participants, which may have given them the
opportunity to acquire knowledge regarding diabetes and prediabetes. Accordingly, a
lack of community education programs on prediabetes could lead to deficiencies in
prediabetes knowledge.
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The present study also found an association between age and prediabetes awareness
consistent with a previous American study that reported prediabetes awareness was
lower among persons aged less than 44 years compared with those older than 44 years
(Li et al., 2013). Old age is a risk factor for prediabetes and a driver of diabetes.
Therefore, raising prediabetes awareness among these age groups could help to prevent
prediabetes and type 2 diabetes (Kirkman et al., 2012; Latt et al., 2019). One
explanation for the result of the present study could be that the higher prevalence of
prediabetes within older age groups that leads to greater awareness concerning the
disease.

At the same time, the present study did not find any statistically significant association
between education level and knowledge of prediabetes. This is in contrast to a previous
study that reported significant association between education and prediabetes
awareness, with the prevalence of prediabetes awareness being higher among those in
the USA with greater than high school education (Li et al., 2013). However, consisting
with result of the present study, Singh and colleagues reported that regardless of
educational level, none of the participants were aware of prediabetes (Post et al., 2011).
There has also been evidence that a family history of diabetes is associated with
development of the disease (Post et al., 2011). A significant proportion of respondents
in the current study with a high level of prediabetes knowledge reported that they had
a family history of diabetes. This is consistent with a previous study, in which it was
found that prediabetes awareness was higher among participants with a family history
of diabetes than among those without (Mainous et al., 2019). Campbell et al. also found
that participants with prediabetes and no family history of diabetes tended to be
unaware of their own condition (Campbell et al., 2016). Further, Yan Feng et al. also
reported that prediabetes awareness was higher among participants with a family
history of diabetes than among those without (10.4% versus 6.2%) (Li et al., 2013). In
agreement with previous studies, the participants in the current study demonstrated a
high level of knowledge regarding family history of diabetes as a risk factor for
prediabetes. Although it is considered impossible to improve this risk factor, a family
history of diabetes leads to a high probability of increased prediabetes knowledge
among the affected people. This may be due to the education given by the concerned
persons to diabetes patients and/or their families.

Approximately 70% of prediabetes patients develop type 2 diabetes (Buysschaert &
Bergman, 2011; Kacker et al., 2019). Further, normo-glycemic patients have an
approximately 0.7% chance per year of developing type 2 diabetes, and those with
impaired fasting glucose have a 5%-10% chance each year (Buysschaert & Bergman,
2011). In the present study, a significant proportion of respondents were able to identify
that people with prediabetes may develop diabetes and that prediabetes awareness may
thus prevent or decrease the risk of diabetes.

In line with the results of the present study, Zhuang et al. demonstrated that 28.4% of

respondents were aware that prediabetes is a leading risk factor for type 2 diabetes
(Zhuang et al., 2015).
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The findings of the current study also revealed that a significant proportion of
respondents were aware of the risk factors of prediabetes, such as a lack of daily
exercise, being overweight, and having preeclampsia. Zhuang et al. reported that less
than a quarter of their Chinese participants were aware that prediabetes is a risk factor
for chronic diseases, such as type 2 diabetes and cardiovascular disease (Zhuang et al.,
2015). Several studies have attempted to assemble information concerning prediabetes
knowledge in different settings with respect to risk factors and risk-reducing behaviors
(Campbell et al., 2016; Gopalan et al., 2015; Kacker et al., 2019; Khan et al., 2019;
Kokic et al., 2018). Some factors noted to lower the risk of developing prediabetes were
young age, non-smoking, high education level, low body mass index, and receiving
advice from healthcare providers (Zhuang et al., 2015). In agreement with a previous
study that found high levels of prediabetes knowledge regarding screening and obesity
as a risk factor for prediabetes,(Saeed et al., 2019) the results of the present study
indicate a high level of prediabetes knowledge concerning risk factors. Lorga et al.
reported that their participants had low response rates to questions on exercise as a risk
for prediabetes due to the fact that they did not perceive running or walking as exercise
(Lorga et al., 2012). Khan et al. reported similar results concerning awareness of
prediabetes risk factors, finding that knowledge levels were average (53.3%) (Khan et
al., 2019).

However, evidence suggests that there may be gaps in knowledge about some
prediabetes risk factors among various communities. For example, a study under taken
by Hosler et al. demonstrated that the prevalence of self-reported prediabetes awareness
was higher among older respondents (>45 years), those who had family history of
diabetes, and those with a body mass index >25kg/m2 (Hosler, 2009).

The present study revealed a high level of knowledge concerning prediabetes screening
in people older than 45 years even though there was no local literature addressing
knowledge of prediabetes risk factors and screening. At the same time, a study under
taken by Nadia et al. revealed that only a minority of participants explicitly reported
that screening for prediabetes should be performed for individuals with a body mass
index of 25kg/m?, and these did not mentioned age (Saeed et al., 2019). Further, the
same study reported that some participants had the knowledge that gestational diabetes
is a risk factor for prediabetes, while more than half considered family history of
diabetes a risk factor for prediabetes (Saeed et al., 2019). In contrast, Khan et al.
reported that a minority of respondents (10.6%) had knowledge concerning prediabetes
screening for people over 45 years old (Khan et al., 2019).

In line with a previous study reporting that clinicians have greater prediabetes
knowledge concerning screening and diagnosis compared with treatment,(Keck et al.,
2019) the current study revealed a statistically significant association between
prediabetes awareness and occupation, such as for healthcare practitioners. Khan et al.
also reported that medical students had poor knowledge of prediabetes prevention as
well as preclinical and clinical management of the condition (Khan et al., 2019). The
dissimilarities in the level of prediabetes knowledge among people of different
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occupations might be explained by the adequate or inadequate training received
concerning prediabetes and diabetes depending on occupation.

Overall, the findings of the current study are consistent with those of other studies in
indicating that knowledge of prediabetes varies widely with regard to risk factors and
preventive measures. Prediabetes knowledge was found to be high in some of the
examined areas. However, there are many areas that indicate multidisciplinary
interventions to improve knowledge and lifestyle along with other risk factors would
help in delaying or preventing the progression of prediabetes to diabetes.

Limitations

It must be acknowledged that there were some limitations to the present study. In
particular, the data concerning prediabetes awareness was taken from in-person face-
to-face interviews and might be subject to bias responses and the time-consuming
nature of the interviews. Moreover, the sample may be not representative of the
population, and actual levels of awareness might be higher or lower if non-participants
differ from the participants. In addition, because participation was voluntary, it is
possible that some level of selection bias occurred with participants who were already
interested in the subject of diabetes being more likely to respond. Thus the responses
may not be a true representation of the level of knowledge of prediabetes in the entire
community at Al-Ahsa region. However, this was addressed by inviting all persons who
fulfilled the inclusion criteria and the response rate was relatively high.

Implications

e A well designed prediabetes community educational program must be
constantly implemented in order to improve the diabetes awareness that lead to
diabetes prevention.

e A comprehensive evaluation of the prediabetes knowledge is required to assess
its impacts on the prevention of both prediabetes and diabetes.

e Modification of lifestyle and other interventions can be applied during the
prediabetes period to prevent the development of type 2 diabetes.

CONCLUSION

Knowledge is considered an important factor in the prevention of prediabetes and
diabetes. Planned and structured educational programs have thus been recommended
as an important strategy to improve compliance and reduce the risk and rates of
prediabetes and diabetes. People in Al-Ahsa demonstrated a high level of knowledge
regarding some risk factors for prediabetes, such as being obese, being old, and having
a family history of diabetes. However, there were a number of deficiencies in the
knowledge of prediabetes risk factors and preventive measures as well as in general
knowledge of prediabetes, which may lead to a high prevalence of prediabetes and
diabetes. These deficiencies reveal that there is an urgent need for mass educational
programs on prediabetes to improve knowledge of the condition, and the need for
prediabetes screening should also be stressed as a part of these programs. Further,
investment in research investigating and assessing the prediabetes awareness and
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literacy of the public in the Al-Ahsa region as well as in other regions of Saudi Arabia
is needed.
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