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Background: High prevalence of undiagnosed cases of diabetes mellitus (DM) has increased over the last
two decades, most patients with DM only become aware of their condition once they develop a compli-
cation. Limited data are available regarding the knowledge and awareness about DM and the associated
risk factors, complications and management in Saudi society. Aim: This study aimed to assess knowledge
of DM in general Saudi society and among Saudi healthcare workers. Results: Only 37.3% of the partic-
ipants were aware of the current DM prevalence. Obesity was the most frequently identified risk factor
for DM. Most comparisons indicated better awareness among health workers. Conclusion: A significant
lack of knowledge about DM in Saudi society was identified. Social media and educational curriculum can
improve knowledge and awareness of DM.
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Diabetes mellitus (DM) is a chronic metabolic disease that is characterized by high blood glucose levels (hyper-
glycemia) consequent to defective insulin action, secretion or both. Immediate symptoms of hyperglycemia usually
include polyuria, polydipsia, weight loss and blurred vision, whereas chronic DM is associated with impairment,
dysfunction and failure of several organs, including blood vessels, eyes, heart, kidneys and nerves [1]. In addition
to etiological genetic factors, several important risk factors for DM have been identified, including eating pattern,
lack of physical activity, obesity and urbanization [2].

DM can be broadly classified into two types: Type 1 diabetes, which is caused by a complete deficiency of
insulin secretion, and the significantly more common Type 2 diabetes, which results from a combination of an
insufficient insulin secretory response and resistance to insulin action. The International Diabetes Federation (IDF)
has estimated that DM affects approximately 415 million people worldwide, among which a vast majority (90%)
of cases are diagnosed as Type 2 diabetes [3]. The last two decades yielded a dramatic increase in the prevalence
of DM, particularly in the Middle Eastern and North African region, which had the second-highest reported rate
of DM worldwide. Furthermore, in this region, Saudi Arabia, Kuwait and Qatar were ranked among the top ten
countries worldwide in terms of DM prevalence [2. However, variability in data regarding DM prevalence in these
three countries might be attributable to differences in study designs, diagnostic methods and populations [4].

Reports from Saudi Arabia have demonstrated a dramatic increase in the prevalence of DM during the last two
decades, from rates of approximately 2.4-4.3% in the 1980s [5,6] to 25.4%, an approximate eightfold increase (7.
Moreover, DM was found to be more prevalent among Saudis residing in urban areas, compared with those in rural
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areas (25.5 vs 19.5%) [8]. A lack of health education and multiple pregnancies have also been identified as factors
in the etiology of DM that may particularly affect those in the Middle Eastern and North African region [9].

It is estimated that DM will be the seventh leading cause of death worldwide by 2030 [10]. In the meantime,
individuals with DM face elevated risks of heart disease, stroke, hypertension, blindness, kidney disease, nervous
system disease, amputations, dental disease and gestational complications [11]. Better control of DM and a better
quality of life require knowledge and awareness about DM and the associated risk factors, complications and
management [12-14].

Many sufferers of DM only become aware of their disease once they have developed a life-threatening compli-
cation. Furthermore, the IDF reported that Saudi individuals and healthcare providers remain either uninformed
or unconvinced about the potentially devastating complications and seriousness of DM. Consequently, in this
study, we focused on three objectives: Assessment of general knowledge and awareness about DM in Saudi society;
Comparison of knowledge and awareness among Saudi health and nonhealth workers; and Comparison of the
perceptions of Saudi society members regarding the best awareness strategies for DM (social media and educational
curriculum).

Methods

This study was approved by the Institutional Review Board at the College of Medicine, King Saud University
Medical City (KSUMC), Riyadh, Saudi Arabia. After an extensive review of relevant published literature, we
designed a self-reported cross-sectional questionnaire comprising 11 questions that addressed three areas. Five
questions addressed socio-demographic characteristics, including age, gender, educational level, region and social
media use. Three questions assessed general knowledge and awareness regarding DM risk factors and complications.
Finally, three questions solicited participants’ opinions regarding DM awareness strategies, with the intent to gather
data about the current roles of social media and education in improving DM awareness.

The sample size was calculated using the following formula: (Za?)(pq)/d? = (1.96)?(21)(79)/19.4 = 329 par-
ticipants, where “Z’ represents the z score value of a normal distribution, ‘p’ represents the prevalence of DM, ‘q’
is defined as 1-p, and ‘d’ is the accuracy of the estimate. Using simple random sampling, 50 questionnaires were
distributed through a pilot study to evaluate time and suitability. Further questionnaires were distributed after a
successful pilot study outcome.

This study was conducted over a period of 3 months (December 2015-February 2016). Data were collected
from three Saudi areas: Riyadh, Dammam and Al-Qassim. Paper-based questionnaires were distributed in hospitals,
malls and schools in the targeted areas, and an online-based questionnaire was also available. The time required to
complete each questionnaire was <2 min.

Inclusion & exclusion criteria

A few limitations are associated with this study including using cities that may have a population with higher
educational levels compared with other cities throughout Saudi Arabia. Also, the ‘healthcare worker’ term is general
which includes a range of jobs and specialties that may not be directly related to Diabetes care management. People
over the age of 60 was excluded from this study due to poor literacy rate and knowledge of DM in the Saudi society.
The secondary education duration is 3 years (ages 15-18). More detailed studies that include larger numbers of
participants in different regions with more detailed information is recommended, as these will provide a more
thorough view about awareness of DM in Saudi Arabia.

All data were entered manually into Excel data sheets (Microsoft, WA, USA), and SPSS and JMP statistical
software (SPSS, Inc., IL, USA; JMP, Buckinghamshire, UK) was used to analyze the imported datasets from Excel
files. Descriptive statistics, including means, standard deviations, percentages and frequencies, were calculated for
socio-demographic data. The independent t-test, one-way analysis of variance and ¥ test were also used to evaluate
correlations between some dependent and independent variables. A p < 0.05 was considered significant unless
otherwise noted.

Results

A total of 870 questionnaires were distributed manually and via e-mail to home bound participants. After excluding
81 questionnaires that had not been completed or were completed by participants aged younger than 15 years or
older than 60 years, 789 questionnaires were subjected to statistical analysis. Although most participants immediately
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Table 1. Socio-demographic characteristics of Saudi health and nonhealth workers.

Socio-demographic character Health workers (n = 177) Nonhealth workers (n = 612) Overall (n = 789)
Gender

—Male 114 (64.4%) 469 (76.6%) 583 (73.9%)
—Female 63 (35.6%) 143 (23.4%) 206 (26.6%)
Age, years (SD) 29.8 (7.8) 29.1(9.3) 29.3 (9.5)
Region

- Riyadh 121 (68.4%) 507 (82.8%) 628 (79.6%)
— Eastern 28 (15.8%) 52 (8.5%) 80 (10.1%)
— Al-Qassim 28 (15.8%) 53 (8.7%) 81(10.3%)
Education level

— Less than secondary school 3(1.7%) 31 (5.1%) 34 (4.3%)

— Secondary school and university 174 (98.3%) 581 (94.9%) 755 (95.7%)

Social media user
- Yes 163 (92.1%) 539 (88.1%) 702 (89.0%)
-No 14 (7.9%) 73 (11.9%) 87

SD: Standard deviation

accepted the invitation to complete the questionnaire, a few participants requested further clarification of some
questions and others inquired about the future benefits of this study.

Of the 789 study participants, 628 (79.6%) were from Riyadh, 80 (10.1%) were from Dammam and 81 (10.3%)
were from Al-Qassim. Most participants (95.7%) were highly educated (i.e., secondary or university students), and
73.9 and 26.1% were male and female, respectively. Social media users and nonsocial media users comprised 702
(89.0%) and 87 (11.0%) of participants, respectively (Table 1).

Assessment of knowledge & awareness of DM in Saudi society

As reported earlier, the DM prevalence in Saudi Arabia is approximately 25%. In our survey, 294 (37.3%)
participants selected the correct answer regarding DM prevalence (20-30%). The data were further reduced to
10 year of age brackets and when examined it was found that those between 20-30 years of age were most likely to
correctly identify the extent of DM prevalence in Saudi Arabia society. Further examination of this data to include
education level demonstrated that within the 20-30 age bracket, 34.5% of those with a secondary school education
correctly identified the prevalence of DM, compared with 40.1% with a university degree, but these were not
significantly different at the p < 0.05 significance level indicating that level of education on the ability to correctly
identify the prevalence of DM in Saudi Arabia did not play a large role.

Multiple correspondence analysis plot was also used to explore the data more quickly at a glance. It may be
thought of as the categorical data equivalent to multivariate analysis of continuous numerical data. In order to
assess the awareness of DM in Saudi Arabia, six responses were analyzed: range of age in years, gender, levels of
education, employment in the healthcare sector, province and percentage DM prevalence. The result is given in
Figure 1, where the closer two points are together, greater the association between those two points. Thus, to analyze
the figure in terms of general knowledge of the prevalence of DM in Saudi Arabia, the most important point to
concentrate on is the point denoting the correct 20-30% response choice. Males in Riyadh are the most closely
associated, as well as those in the 20-30 age bracket and those with a university education. Moreover, to improve
upon this, clearly educational materials need to target those with less than a secondary school education, in all age
brackets greater than 50 years old, and in the Eastern region.

Comparison of knowledge & awareness of DM among Saudi Arabian healthcare & nonhealthcare
workers

A summary of the comparison of the knowledge and awareness of DM among healthcare and nonhealthcare
workers, as well as risk factors and complications of DM, are presented in Table 2. Only 41.8% of healthcare
workers were able to correctly identify the prevalence of DM in Saudi Arabia. Obesity and overweight were most
frequently identified as a risk factor for DM (~64% of the total participants), followed by physical inactivity
(61.2%) and family history (55.6%). Health workers were significantly more likely to identify risk factors for DM.
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Figure 1. Multiple correspondence analysis plot summarizing the awareness of the general Saudi Arabian public to the prevalence of

diabetes mellitus. The closer two points are together, the greater the association between those two points. Thus, the most important
point to consider in this instance is the 20-30% prevalence of DM. Plot on right is a zoomed version of the area outlined by the box.
DM: Diabetes mellitus.

Amputation was most frequently identified as a complication of DM (42.0% of total participants), followed by
eye complications (40.1%), heart disease (27.6%), kidney disease (26.5%) and stroke (16.7%). Moreover, health
workers were significantly more likely to identify the complications of DM.

The data were further analyzed to assess the awareness of the respondents of the prevalence of DM in Saudi
society based on their employment in the healthcare sector and their education level. The data indicated that at
the p < 0.05 significance level, no combination of education level or employment in the healthcare system led to
a higher probability for the selection of the correct response.

A similar analysis examining the combination of employment in the healthcare sector and education level on
identification of risk factors for DM is examined in Table 3. The results show that university educated healthcare
employees were more likely to identify family history and obesity as risks that could lead to DM at the p < 0.05
significance level compared with university educated people working in other sectors. Interestingly, there was no
difference when it came to the identification of lack of physical activity as another risk that could lead to DM. At
the secondary school level, those working in the healthcare industry were more likely to identify only family history
as a risk compared with their counterparts working in other sectors (at p < 0.05).

The effect of employment in the healthcare sector and education level on identification of complications arising
from DM was also examined and the results summarized in Table 4. University educated healthcare workers were
able to identify vision loss, kidney disease, heart disease, feet problems and stroke at significantly higher rates than
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Table 2. Comparison of knowledge and awareness about risk factors and complications associated with diabetes mellitus

reported by Saudi healthcare and nonhealthcare workers.

Risk factors Health workers Nonhealth workers Overall p-value
Correct DM prevalence

—-20-30% 74 (41.8%) 220 (35.9%) 294 (37.3%) 0.156
Risk factors for DM development

- Family history 120 (67.8%) 319 (52.1%) 439 (55.6%) <0.001
— Obesity and overweight 141 (79.7%) 367 (60.0%) 508 (64.4%) <0.001
— Physical inactivity 116 (65.5%) 367 (60.0%) 483 (61.2%) 0.181
- Did not know 5(2.5%) 36 (5.9%) 41 (5.2%) 0.107
DM complications

— Eye complications 89 (50.3%) 227 (37.0%) 316 (40.1%) 0.002
— Amputation 74 (41.8%) 257 (42.0%) 331 (42.0%) 0.965
— Kidney diseases 63 (35.6%) 146 (23.9%) 209 (26.5%) 0.002
— Heart diseases 69 (39.0%) 149 (24.3%) 218 (27.6%) <0.001
- Foot diseases 103 (58.2%) 252 (41.2%) 355 (45.0%) <0.001
— Stroke 56 (31.6%) 76 (12.4%) 132 (16.7%) <0.001
- Did not know 12 (6.8%) 85 (13.9%) 97 (12.3%) 0.011

Bold indicates statistical significance (p < 0.05).

DM: Diabetes mellitus.

Table 3. Summary of awareness of risks that could lead to diabetes mellitus based on level of education and

employment in the health sector or otherwise.

Risk factor Educational level
Less than Secondary School Secondary School University
Working in health sector Working in health sector Working in health sector
No Yes No Yes No Yes
Family history as No 17 1 134 6 143 50
risk for DM 50.0% 33.3% 52.3% 28.6% 44.1% 32.5%
Yes 17 2 122 15 181 104
50.0% 66.7% 47.7% 71.4% 55.9% 67.5%
Total responses 34 3 256 21 324 154
Obesity as risk for No 17 1 102 5 128 31
DM 50.0% 33.3% 39.8% 23.8% 39.4% 20.1%
Yes 17 2 154 16 197 123
50.0% 66.7% 60.2% 76.2% 60.6% 79.9%
Total responses 34 3 256 21 325 154
Lack of activity as No 21 1 106 1 120 50
risk for DM 61.8% 33.3% 41.4% 52.4% 36.9% 32.5%
Yes 13 2 150 10 205 104
38.2% 66.7% 58.6% 47.6% 63.1% 67.5%
Total responses 34 3 256 21 325 154
Cells in bold indicate comparative responses that are significantly different at the p < 0.05 level.
DM: Diabetes mellitus.
university educated nonhealthcare workers at the p < 0.05 significance level. The same is true for identification of
hypertension as a risk, but only at the p < 0.1 level. However, at the secondary school level, there is practically no
difference whether one works in the healthcare sector or not when identifying complications due to DM.
Multiple correspondence analysis plot was used to explore the data in terms of awareness of risk factors leading to
DM. In this case, the variables applied were age bracket, gender, levels of education, employment in the healthcare
sector, obesity as risk factor, family history as risk factor and physical inactivity as risk factor. The result is presented
in Figure 2. By looking at the “Yes’ responses for the three risk factors for DM, we note quickly that a university
education is quite closely associated, as are the 20-30 and 30-40 age brackets. Interestingly, the ‘Yes’ and ‘No’
responses for employed in the healthcare sector are almost equidistant away, indicating that the association between
future science group www.futuremedicine.com 417
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Table 4. Summary of awareness of complications due to diabetes mellitus based on level of education and employment

in the health sector or otherwise.

DM complication

DM complications:

vision loss

DM complications:

amputation

DM complications:

kidney disease

DM complications:

heart diseases

DM complications:

feet problems

DM complications:

stroke

DM complications:

hypertension

Educational level

Less than Secondary School Secondary School University

Working in health sector Working in health sector Working in health sector

No Yes No Yes No Yes
No 20 1 173 13 194 75
58.8% 33.3% 67.6% 61.9% 59.7% 48.7%
Yes 14 2 83 8 131 79
41.2% 66.7% 32.4% 38.1% 40.3% 51.3%
Total responses 34 3 256 21 325 154
No 20 1 167 12 170 91
58.8% 33.3% 65.2% 57.1% 52.3% 59.1%
Yes 14 2 89 9 155 63
41.2% 66.7% 34.8% 42.9% 47.7% 40.9%
Total responses 34 3 256 21 325 154
No 24 2 202 17 242 96
70.6% 66.7% 78.9% 81.0% 74.5% 62.3%
Yes 10 1 54 4 83 58
29.4% 33.3% 21.1% 19.0% 25.5% 37.7%
Total responses 34 3 256 21 325 154
No 30 2 201 16 236 91
88.2% 66.7% 78.5% 76.2% 72.6% 59.1%
Yes 4 1 55 5 89 63
11.8% 33.3% 21.5% 23.8% 27.4% 40.9%
Total responses 34 3 256 21 325 154
No 23 0 157 12 180 63
67.6% 0.0% 61.3% 57.1% 55.4% 40.9%
Yes 1 3 99 9 145 91
32.4% 100.0% 38.7% 42.9% 44.6% 59.1%
Total responses 34 3 256 21 325 154
No 30 2 222 21 288 99
88.2% 66.7% 86.7% 100.0% 88.6% 64.3%
Yes 4 1 34 0 37 55
11.8% 33.3% 13.3% 0.0% 11.4% 35.7%
Total responses 34 3 256 21 325 154
No 22 1 164 14 207 85
64.7% 33.3% 64.1% 66.7% 63.7% 55.2%
Yes 12 2 92 7 118 69
35.3% 66.7% 35.9% 33.3% 36.3% 44.8%
Total responses 34 3 256 21 325 154

Cells in bold indicate comparative responses that are significantly different at the p < 0.05 level. Those in bold and italics are significantly different at the p < 0.01 level.

DM: Diabetes mellitus.

those working in the healthcare sector to knowledge of the risk factors is not much different than those that are
employed outside of the healthcare industry. A similar analysis plot for exploring awareness those employed in
the healthcare sector of complications arising from DM is given in Figure 3. All of the ‘No’ answers are highly
clustered together indicating that those not working in the healthcare sector are not particularly knowledgeable of
the potential complications arising from DM. On the other hand, the ‘Yes’ answers are not clustered to the same
extent, and the association of a university level education is stronger than simply working in the healthcare sector.

Comparison of perception of Saudi Arabian society on best educational strategies for improved
DM awareness: Traditional educational curriculum or social media?

Regarding strategies to increase DM knowledge, 635 (80.5%) participants believed that social media could effectively
improve DM awareness, and 457 (57.9%) participants believed that educational curriculum could play a role in
improving DM awareness. Initially, 48.3% of participants selected both social media and educational curriculum
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Figure 2. Multiple correspondence analysis plot summarizing the awareness of those employed in the healthcare sector to risk factors
that could lead to diabetes mellitus. The closer two points are together, the greater the association between those two points. Plot on
right is a zoomed version of the area outlined by the box.

DM: Diabetes mellitus.

Table 5. Comparison of opinions regarding strategies to promote diabetes mellitus awareness held by Saudi health and

nonhealth workers.
Opinion strategy Health workers Nonhealth workers Overall p-value

Promotes increased awareness

- Social media (yes) 150 (84.7%) 485 (79.2%) 635 (80.5%) 0.104
— Educational curriculum (yes) 114 (64.4%) 343 (56.0%) 457 (57.9%) 0.047
- Both (yes) 100 (56.5%) 281 (45.9%) 381 (48.3%) 0.013
Better strategy for DM awareness

- Social media 92 (52.0%) 320 (52.3%) 412 (52.2%) 0.942
— Educational curriculum 85 (48.0%) 292 (47.7%) 377 (47.8%) 0.942

Bold indicates statistical significance (p < 0.05).
DM: Diabetes mellitus.

as effective measures for improving DM awareness. When asked about their preferred strategy (i.e., requested to
select a single option), 52.2% selected social media and 47.8% selected educational curricula (Table 5).

These data can be further reduced to the age brackets defined earlier. The only age bracket where a significant
propensity (at p < 0.05) to favor social media as an educational tool is in the 20-30-year range. Similarly,
examination of the data showing those that believe a traditional educational curriculum is the best way to approach
increased DM awareness demonstrated that the youngest age bracket, 10-20 years, were significantly against the
idea, though interestingly they were not significantly in favor of social media. Other interesting data that can be
extracted from the survey pertains to the education level and how it relates to a preference of either the social media
or traditional educational curriculum to help increase DM awareness. In this case, it was found that education
level had little influence on preferences for either educational approach to increase DM awareness. Furthermore,
no regional preference over one educational approach to the other was observed.

The multiple correspondence analysis plot exploring the perception of the Saudi Arabian public to use of social
media or a formal educational curriculum to increase awareness of DM is given in Figure 4. Not too surprisingly,
those using social media have a much closer association with the belief that a social media approach would be
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Figure 3. Multiple correspondence analysis plot summarizing the awareness of those employed in the healthcare
sector complications arising from diabetes mellitus. The closer two points are together, the greater the association
between those two points.

DM: Diabetes mellitus.

better to improve DM awareness. Males are also far more associated with the social media response as well. Level
of education played less of a role when selecting social media or formal education curriculum.

Discussion

The increasing prevalence and incidence of DM in Saudi Arabia provides cause for alarm. The IDF reported that
approximately 4 million Saudis have DM, and an additional 1.5 million are thought to have undiagnosed DM
as a consequence of the lack of awareness in this population (https://idf.org/). DM is a ‘silent’ disease, and its
symptoms are often hidden until several years after disease onset. Many patients with DM have had the disease for
many years before diagnosis, and many are only diagnosed once they have developed complications.

Our data demonstrate a general lack of awareness and knowledge of the prevalence of DM in Saudi society.
Approximately 63% of survey participants, including health workers, could not identify the correct prevalence of
DM, even though health workers would be expected to have a greater level of awareness about diseases. Furthermore,
level of education was also found not to be an important factor. Those with a university degree were no more
likely to identify the correct prevalence than those with a secondary school education. However, more than 64%
of participants identified obesity and overweight as the most frequent risk factor for DM and health workers
were significantly more likely to identify this factor, suggesting that Saudi residents possess some knowledge about
potential risk factors for DM. In contrast, 42% of the participants incorrectly identified amputation as the most
frequent DM complication. In Saudi Arabia, eye complications are most frequent among patients with DM, and
approximately 20% of patients present with this type of complication as the first disease indicator [15,16]. Our
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Figure 4. Multiple correspondence analysis plot showing the perception of the Saudi Arabian public to use of social media and/or a
formal educational curriculum to increase awareness of diabetes mellitus. The closer two points are together, the greater the association
between those two points. Plot on right is a zoomed version of the area outlined by the box.

study further demonstrated a lack of knowledge about DM complications even among health workers, as only half
of the participating health workers identified eye complications as a consequence of DM. This indicates a major
deficiency in awareness about DM complications in general Saudi society, including health workers.

Social media, which is among the most influential communication modalities currently available, has the power
to change the attitudes, knowledge and behaviors of societies worldwide. We found that 80.5% of participants
from general Saudi society thought that social media could be used effectively to improve awareness and knowledge
about DM, whereas 57.9% thought that educational curriculum could also be effective with better implementation.
Moreover, our study demonstrated that social media and educational curriculum were weighted similarly with regard
to improving awareness of DM in Saudi society, with no regional bias toward one or the other approach.

Conclusion & recommendation

This study demonstrated a significant lack of knowledge and awareness regarding DM in Saudi society. Although
health workers exhibited an increased level of awareness about DM, their level of knowledge still fell significantly
short of expectations. The study further determined that both social media and educational curriculum can be major
factors in improving and spreading awareness of DM. Accordingly, we recommend the design and development of
DM awareness strategies, including the implementation of health subjects in educational curriculum, community
educational programs and training workshops for healthcare providers. The data also suggest that educational
materials need to target those with less than a secondary school education, in all age brackets greater than 50 years
old, and in the Eastern provinces. It would further help if the material could address the female population as
well. In addition, the establishment of an electronic website to provide health information might comprise a
more attractive alternative for social media users. We further recommend more detailed studies that include larger
numbers of participants in different regions, as these will provide increased awareness of DM.
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Summary points

e This work aimed to assess knowledge of diabetes mellitus (DM) in general Saudi society and among Saudi
healthcare workers and further compare the perceptions of using social media or educational strategies for
increasing DM awareness.

e This self-reported cross-sectional questionnaire study was conducted in different cities of Saudi Arabia.

e This study demonstrated a significant lack of knowledge and awareness regarding DM in Saudi society. Only
37.3% of the participants were aware of the current DM prevalence.

e Health workers exhibited an increased level of awareness about DM but their level of knowledge still fell
significantly short of expectations.

e This study determined that both social media and educational curricula can be major factors in improving and
spreading awareness of DM.
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