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Abstract

Background: Type 2 diabetes in the Gulf Cooperation Council countries, including Oman, is currently the fastest
growing health crisis and is a significant cause of premature mortality and disability. There is currently insufficient
up-to-date information available on prevalence of type 2 diabetes. This study aimed to assess the latest prevalence
of type 2 diabetes mellitus and its associated demographic, behavioural, and clinical risk factors.

Methods: Using the WHO STEPwise approach to chronic disease surveillance, a nationally representative
population-based survey was conducted from January to April 2017 of adults aged 18 years and above. A multi-
stage, stratified, geographically clustered random sampling surveyed 9053 households including Omani nationals
and non-Omani residents. Univariate and multiple logistic regression analysis was performed to determine the
predictors of diabetes.

Results: Overall prevalence of diabetes among the population was 15.7% (95% Cl: 14.0-17.5%) whereas prevalence
of prediabetes was 11.8% (95% Cl: 11.4-12.2%). Age, educational level, raised blood pressure, family history of
diabetes, abnormal waist-to-hip ratio, and hypertriglyceridemia were found to be significantly associated with
diabetes mellitus. Of the cases of diabetes mellitus, 17% were newly diagnosed and 13.2% were on medication and
had an uncontrolled glucose level while 55.5% were not taking medication (although diagnosed) and had an
uncontrolled blood glucose level.

Conclusions: The present study provides reliable information regarding the high prevalence of diabetes mellitus
among the adult population in Oman with urgent attention needed to address this significant burden on the
health system. The high proportion of uncontrolled cases warrants further research, awareness programmes, and
community interventions.
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Background

Around 463 million people had diabetes mellitus (DM)
in 2019 based on International Diabetes Federation esti-
mates, with a projection of 700 million by 2040. From
this, it is evident that DM is one of the fastest growing
health crises facing the twenty-first century. Type 2 dia-
betes, the most common form, accounts for about 90%
of all global diabetes cases. The global economic burden
of DM is massive, with an estimated annual expenditure
of USD 760 billion in 2019, projected to grow by 11.2%
to USD 845 billion by 2045 [1].

Recent literature revealed that the prevalence of type 2
diabetes in the Gulf Cooperation Council (GCC) is high
with a dramatic increase in the past two decades, and is
expected to increase by 96.5% by 2045 [2, 3]. Oman has
been classified by the World Health Organization
(WHO) as a country with low child and adult mortality
rates (crude death rate: 2.4 per 1000). However, DM is
currently the sixth leading cause of premature mortality
in Oman and the fifth prominent cause of disability-
adjusted life years lost [4].

Diabetes prevalence estimation and identification of
high-risk groups is vital for surveillance, and develop-
ment of policies and community-based interventions.
There is currently insufficient, up-to-date information
available on prevalence of type 2 diabetes and its corre-
lates in the Sultanate of Oman. Previous community-
based studies in Oman have been limited and do not
truly represent all the risk factors and its relationships
with diabetes in the Oman population [5-7]. This survey
study, comprising the largest population-based survey in
Oman so far, in collaboration with the WHO aimed to
assess the latest prevalence of type 2 DM and its associ-
ated demographic, behavioural, and clinical risk factors.

Methods

Sampling

Briefly, and as previously described in the STEPS survey
2017 main paper [8], a nation-wide non-communicable
disease (NCD) risk factor survey based on WHO STEP-
wise approach to chronic disease surveillance was under-
taken in all the governorates (regions) in the Sultanate
of Oman from January 2017 to April 2017. The survey
adopted a multi-stage stratified, geographically clustered
random sampling approach using the 2010 national cen-
sus sampling frame. Cluster sampling (based on the
2010 census blocks) was used and symmetric equal
number of blocks were chosen in each governorate. A
total of 9053 households, 823 households chosen from
each governorate, were selected (Omani nationals and
non-Omani national residents) with one adult being se-
lected from each household randomly. Adjustment of
sample weight was done for non-response at the house-
hold level. The target age group was 18 years or older.
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Data collection

A culturally adapted, Arabic translated, and pre-tested
version of the WHO STEPS questionnaire (version 3.1)
was used [8, 9]. As part of the household survey, socio-
demographic and behavioural information on tobacco
use, diet, physical activity, history of chronic diseases,
family history of chronic conditions was collected in
Step 1. Physical measurements such as height, weight,
hip circumference, waist circumference, and blood pres-
sure were collected in Step 2. Biochemical tests were
conducted to measure fasting blood glucose, total chol-
esterol, and triglycerides in Step 3.

Data were collected by trained health professionals in
the field. SECA adult portable stadiometers were used to
measure height after removing shoes, socks, slippers and
any head gear, with an accuracy up to 0.1 cm. SECA®
digital weighing scales were used to measure the weight
of the individuals. The scale was regularly calibrated
against a standard weight. Waist circumference was
measured using a SECA® constant tension tape to the
nearest 0.1 cm. Blood pressure levels (both systolic blood
pressure (SBP) and diastolic blood pressure (DBP)) were
measured three times using the Omron M3 digital blood
pressure device as recommended by WHO, with the
average of the closest two readings taken as the final
reading. Overnight fasting blood samples were drawn to
assess the biochemical profile of participants. For blood
glucose and lipid profile measurements, dry chemistry
method was used (CardioChek® Plus Analyzer). The ref-
erence biomarker cut-off points are mentioned under
the heading of operational definitions.

Data analysis

Categorical variables are summarized using proportions
and continuous variables using mean, with 95% confi-
dence intervals. Chi square test was used for comparison
of proportions across groups. Univariate and multiple lo-
gistic regression analysis was performed to determine
the predictors of diabetes. All variables were entered into
the multiple regression model to ensure that the inter-
action of all variables and their effects with the presence
of other variables were measured. Statistical analysis was
done using STATA/IC version 16.1.

Ethical considerations

The survey was approved by the Central Research and
Ethical Review & Approval Committee of the Ministry
of Health, Sultanate of Oman. (Approval No: 26/2015).
Written informed consent was obtained from partici-
pants for participation in the study separately during
health history collection (STEP 1) and measurement of
biophysiological parameters (STEP 2 & 3). The confi-
dentiality of the data gathered was maintained through a
secure server.
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Operational definitions

Diagnostic criteria were based on WHO guidelines
where diabetes was defined as individuals diagnosed by a
physician and/or on antidiabetic medications and/or
those who had fasting blood glucose =7 mmol/l (2126
mg/dl), while prediabetes or impaired fasting glucose
was defined as fasting blood glucose 6.1 mmol/l (=110
mg/dl) and <7 mmol/l (<126 mg/dl). Current smoking
included those individuals who were reported smoking
in the month preceding the survey. Raised blood pres-
sure was defined as individuals diagnosed by a physician
and on antihypertensive medications (self-reported) and/
or those who had systolic blood pressure > 140 mmHg
and/or diastolic blood pressure > 90 mmHg (WHO Cri-
teria) [10, 11]. One serving or portion of vegetables was
considered to be 80 g or 1 cup of raw green leafy vegeta-
bles or 1/2 cup of other cooked/chopped vegetables.
One serving or portion of fruit was considered to be one
whole medium-sized fruit or two smaller-sized fruits
(WHO). Obesity was defined as Body Mass Index
(BMI) = 30. Hypertriglyceridemia was defined as serum
triglyceride levels 2150 mg/dl (=1.7 mmol/l). Physical ac-
tivity was assessed using the Global Physical Activity
Questionnaire (GPAQ), which has been developed by
the World Health Organization and used in the STEPS
questionnaire [12, 13]. Participants were classified as suf-
ficiently active when exceeding the minimum duration
of physical activity per week recommended by WHO i.e.
150 min of moderate intensity physical activity or 75 min
of vigorous intensity physical activity or an equivalent
combination of moderate- and vigorous intensity phys-
ical activity [13]. Show cards (pictorial, adapted to the
local context) were used to explain to the participants
the type of physical activity, servings of fruits and vege-
tables and salty food intake [12].

Results

Table 1 shows the demographic characteristics of the re-
spondents in the study. The overall response rate among
survey participants was 75.5%, with the figure for Omani
nationals being 73.5%. Majority of respondents were 30—
39 years old (32.4%), Omani nationals (70.6%), had com-
pleted secondary school (34.3%), and were not currently
engaged in any form of employment (44.9%).

Prevalence of DM

15.7% (95% CI: 14.0-17.5%) of the survey participants
were found to have DM (Table 2). The prevalence was
similar among women (16.1%) and men (15.4%). A lower
prevalence of raised blood glucose was seen in Omani
nationals (14.5%) as compared to non-Omani residents
(18.8%). Impaired glycaemia was prevalent among 11.8%
of the population. Higher prevalence’s were observed
among women (12.6%) and non-Omani residents
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Table 1 Demographic characteristics of the participants

Characteristics n Percentage
Age groups (years)
18-29 1647 244
30-39 2187 324
40-49 1410 209
50-59 708 105
60 and above 630 9.3
Sex
Male 3365 51.1
Female 3217 489
Nationality
Omani 4645 706
Non-Omani 1937 294
Education Level
No formal education 1772 269
Preparatory or lower 988 15.0
Secondary completed 2258 343
University and above 1558 237
Employment status
Public sector employee 1287 215
Private sector employee 1766 295
Self-employed 251 4.1
Not currently working 2692 449

(12.5%) as compared to men (11.1%,) and Omani
(11.5%), respectively.

Risk factors for DM

All demographic, lifestyle, and clinical variables were en-
tered in a multivariate regression analysis model. In
terms of demographic covariates, age group (p<.001)
and educational level (p <.05) were found to be the risk
factors significantly associated with DM (Table 3). In
terms of lifestyle and clinical covariates, raised blood
pressure (p <.05), family history of diabetes (p <.001),
abnormal waist-to-hip ratio (p <.001), and hypertriglyc-
eridemia (p <.001) were found to be significantly associ-
ated with DM (Table 4).

Treatment and control status of DM

Among all the respondents with raised blood glucose or
on medication for blood glucose, 83% were known cases
of DM while 17% were newly diagnosed (Table 5). 14.3%
of respondents were on a specific anti-diabetic medica-
tion and had a controlled glucose level (treatment suc-
cess), 13.2% were on medication and a raised blood
glucose level (treatment failure), and 55.5% were not tak-
ing medication (although diagnosed) and had a raised
blood glucose level.
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Table 2 Prevalence of diabetes mellitus (DM) and pre-diabetes by nationality and demographic characteristics

Characteristics Omani Non-Omani Total
Prevalence of pre- Prevalence of Prevalence of pre- Prevalence of Prevalence of pre- Prevalence of
diabetes N (%, 95  diabetes N (%, diabetes N (%, 95  diabetes N (%, diabetes N (%, 95  diabetes N (%,
cl) 95 Cl) cl) 95 Cl) Cl) 95 Cl)
Age group
18-29 138 (8.6,(7.7-9.6)) 55 (3.1,(2.1-4.4)) 80 (11.8,(9.8-14.1)) 34 (3.2,(1.9-5.2)) 218 (9.3,(84-10.2)) 89 (3.1,(23-4.2))
30-39 201 (12.8,(11.8-13.9)) 119 (6.1,4.7-7.8)) 112 (13,(11.3-14.9)) 99 (124,09.2-16.5)) 313 (129,(12.1-13.7)) 218 (8.23,(6.7—
10.0))
40-49 148 (14.6,(12.9-16.6)) 166 (20.6,(14.7— 83 (11.3,(9.7-13)) 105 (25.7,(20.0- 231 (13.5,(12.2-149)) 271 (22.3,(17.9-
28.1)) 32.2) 27.5))
50-59 81 (10.5,(9.1-12)) 162 (34.7,(26.6— 30 (153,(127-183)) 81 (37.8,(27.5- 111 (11.7,(104-13)) 243 (35.5,(28.8-
37) 49.3)) 42.8))
60 & above 91 (126,(11.5-13.9)) 205 (39.8,(31.7- 5(11.2(74-16.5)) 28 (58.0,(38.5- 96 (124,(11.3-13.6)) 233 (426,(35.1-
484)) 75.2)) 50.5))
Sex
Male 249 (10.1,(94-10.8)) 253 (13.5,(10.3— 261 (124,(11.1-13.9)) 290 (184,(15.3— 510 (11,(10.3-11.7)) 543 (15.4,(13.0-
17.4)) 22.0)) 18.1))
Female 410 (12.6,(11.8-134)) 454 (153,(13.0- 49 (123,(10.1-149)) 57 (20.1,(14.3- 459 (12.6,(11.8-13.3)) 511 (16.1,(13.8-
18.1)) 27.5)) 18.6))
Education level
No formal 230 (15.5,(144-16.8)) 373 (31.8,(27.0- 76 (14.7,(133-16.3)) 83 (23.6,(17.5- 306 (154,(144-164)) 456 (30.3,(26.2—
education 37.0)) 30.9)) 34.8))
Preparatory or 80 (12.6,(109-14.4)) 98 (234,(17.6— 75(135,(12.2-14.9)) 88 (204,(154- 155 (12.9,(11.8-14.1)) 186 (22.2,(18.1-
less 30.3)) 26.5)) 27.0)
Secondary 224 (10.3,(96-11.1)) 156 (8.5,(5.7-12.2)) 74 (10.5,86-12.7)) 96 (22.3,(15.5- 298 (104,09.7-11.1)) 252 (11.0,(84-
completed 31.0) 14.2))
University & 124 (97,86-11)) 80 (7.57,47-11.9) 85 (125(106-146)) 79 (150(11.1- 209 (108,(9.8-119)) 159 (105,80~
above 19.9)) 13.6))
Marital Status
Never married 89 (8.3,(7.4-9.4)) 42 (43,2.1-85)) 72 (12.1,0.6-15.1)) 33 (5.3,(2.8-9.9)) 161 (9.1,(82-10.2)) 75 (4.6,2.6-7.7))
Currently 496 (13,(12.3-13.7)) 544 (17.3,(14.7- 233 (126,(11.3-13.9)) 309 (22.2,(18.9- 729 (12.8,(123-134)) 853 (18.8,(16.7—-
married 20.1)) 25.8)) 21.0)
Divorced/ 22 (12.3,(98-15.2)) 91 (22.2,(88-45.5)) 4 (16.2,(9.3-26.7)) 2 (483,(12.5-85.9)) 26 (12.5,(10.1-15.3)) 103 (23.6,(10.4—
Separated 53))
Widowed 52 (106,(9.1-12.3)) 98 (34.7,(24.0- 1(33,1.7-6.2) 3 (30.5,(54-76.9)) 53 (10.1,(8.7-11.7)) 101 (34.4,(24.1-
47.1)) 6.4))
Work status
Public sector 163 (13.7,(123-15.1)) 124 (114,8.2- 32 (11.2,8.7-14.2)) 27 (13.6,7.8-22.6)) 195 (134,(12.2-14.7)) 151 (11.6,(8.6—
employee 15.7)) 15.5))
Private sector 60 (5.9,5.2-6.7)) 77 (139,7.5-24.4)) 244 (125,(11.3-13.9)) 278 (17.8,(14.7- 304 (103,094-11.3)) 355 (16.5,(13.3—-
employee 213)) 20.3))
Not currently 435 (11.9,(11.3-126)) 506 (15.9,(13.5- 34 (124,(102-149)) 42 (246,17.0- 469 (11.9,(113-126)) 548 (16.8,(14.5-
working 18.5)) 34.2)) 194))
Total 659 (11.5,(11.0-12.1)) 707 (14.5,(12.5- 310 (12.5,(11.7-13.3)) 347 (18.8,(16.0- 969 (11.8,(11.4-12.2)) 1054 (15.7,(14.0-
16.8)) 22.0)) 17.5))

Small but significantly higher prevalence was observed
for Omani nationals under medication and had con-
trolled blood glucose status compared to non-Omani
residents (15.3% vs 12.3%, p <0.05), but no significant
difference was found between male and females in this
group. A majority of newly discovered cases with raised
blood glucose level was observed in the 18-29 years age

group (39.2%), males (20.8%) and non-Omani residents
(24.5). Similarly, a majority of respondents not currently
on medication and raised blood glucose level was found
among 40-49years old (61%), and Omani nationals
(56.5%).

Figure 1 reveals that among the 14.5% Omani na-
tionals, 86.6% were picked by the health system and
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Table 5 Prevalence of the population with raised blood glucose or on medication for blood glucose disaggregated by diagnosis
and treatment status

Category On medication and On medication and Not aware of raised Not taking prescribed medication and Total

glucose < 7 mmol/L glucose > 7 mmol/L glucose > 7 mmol/L glucose > 7 mmol/L N
Age group
18-29 120(0.7-23) 10.3 (6.9-15.1) 39.2 (34.3-44.3) 49.2 (43.9-54.6) 87
30-39 66 (49-89) 6.5 (4.9-8.5) 29.1 (259-323) 57.8 (54.2-614) 215
40-49 121 (103-14.2) 10.1 (8.3-12.1) 16.7 (144-19.2) 61.1 (57.0-65.0) 259
50-59 253 (21.8-29.1) 11.3 (9.5-134) 88 (7.5-10.3) 54.6 (504-58.38) 236
60+ 14.2 (12.0-16.5) 233 (19.9-27.1) 12.8 (10.8-15.0) 49.8 (45.2-54.4) 226
Sex
Male 13.0 (11.5-14.8) 104 (89-12.2) 20.8 (19-22.7) 557 (52.6-58.7) 526
Female 15.7 (13.9-17.6) 16.0 (14.2-18) 13.0 (11.5-14.6) 553 (25.5-58.1) 497
Nationality
Omani 153 (13.8-17.0) 14.9 (13.3-16.6) 134 (12.1-14.7) 56.5 (53.7-59.1) 683
Non- 12.3 (104-14.5) 9.7 (79-11.7) 245 (22.2-26.8) 536 (50.6-56.6) 340
Omani
Overall 14.3 (13.1-15.6) 13.2 (12-14.5) 17.0 (159-18.2) 55.5 (53.4-57.6) 1023
( 3
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Fig. 1 Diabetes chart by nationality, diagnosis, treatment status, and control status
. J




Al-Mawali et al. BMC Endocrine Disorders (2021) 21:42

13.4% were newly diagnosed. Of those who were covered
by the health system, only 34.8% were taking the pre-
scribed medications and 65.2% were not. Of those who
were taking their prescribed medication, only 50.7%
were controlled for DM. This demonstrates that only
17.3% of those who were picked by the health system
had controlled blood glucose status. Similarly, for the
18.8% of non-Omani residents, 75.5% were picked by the
health system and 24.5% were newly diagnosed. Of those
who were covered by the health system, only 29% were
taking the medications. Of those who were taking medi-
cation, only 56% were controlled for DM.

Discussion

This study represents the largest multistage stratified
community-based national survey in Oman which in-
cluded all the 11 governorates of Oman. A high response
rate was achieved with the employment of the standard-
ized STEPS questionnaire, robust methodology, and ad-
herence to STROBE guidelines [14].

The results of this survey revealed a high prevalence of
DM and prediabetes among the Oman population. Some
national and regional surveys were conducted previously
which showed the prevalence of diabetes between 1991
and 2010, with the last main national survey conducted
in 2008 [5]. An increase in the prevalence of DM was
found from the 2008 national survey (12.3%) when com-
pared to our results in 2017 (15.7%) [15]. Strikingly,
there has been a sharp increase in prevalence of predia-
betes from 4.4% in 2008 to 11.8% in the current study.
Our results for DM were similar to other STEPS studies
conducted in the WHO Eastern Mediterranean (EMR)
region, but higher than the prevalence reported in other
Asian countries [16—19]. Omani nationals (14.5%) were
found to have a significantly lower prevalence than non-
Omani residents (18.8%) in this survey. This may be
attributed to the universal healthcare system which pro-
vides free primary healthcare for Omani citizens and the
difference in lifestyle between the two subgroups.

It has been reported that biological composition as
well as obesity has an effect on sex differences associated
with the burden and complication of DM [20]. In this
present study, the prevalence of diabetes and prediabetes
is slighter higher (though not significant) in females than
in males as opposed to other studies globally which
show a higher prevalence among males as compared to
females [19, 21, 22]. Our results are corroborated by
higher prevalence of overweight and obesity found
among females than males in the survey [8]. Our results
show that one third of the population with DM are
under the age of 50. Based on these results, DM did in-
crease with age although it is not limited to older sub-
jects. This adds to the growing body of evidence
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suggesting that diabetes is also evolving among the
younger population as well [18, 19, 23].

Different studies showed that both or either overall
obesity or central obesity was associated with conferring
risk of diabetes [18, 19]. This study found that an abnor-
mal waist-hip ratio was independently associated with
diabetes which is similar to the results in most of the
other studies [24—26]. Literature has already shown the
protective effects of physical activity against obesity [27].
It is well known that family history of DM is a strong,
independent predictor of the disease which was con-
firmed in our study and supported by most other studies
which can be used as a public health tool [28, 29].
Hypertriglyceridemia, but not family history of total
cholesterol, was significantly associated with diabetes.
Constant increments in serum triglyceride levels were
found to be an independent risk factor for diabetes mel-
litus as well as associated with increased risk for CVD
[30, 31]. The study results indicate that elderly individ-
uals, hypertensive, or those with a family history of DM
comprise an notable group for screening [5, 24, 27].

The ratio of newly diagnosed to total patients with
DM (17%) was found to be considerably lower as com-
pared to the 2008 national survey [15]. This proportion
comes down to 13% for Omanis and could be attributed
to the national non-communicable diseases screening
program for those aged 40 years and above. The DM
cases with controlled glucose level have also shown a
slight reduction from 2008 (17% in 2008 vs 14% in
2017). However, most concerning is the bulk of uncon-
trolled cases which accounts for over two-thirds of the
cases with raised blood glucose, out of which around
56% are not taking any medication to control their blood
glucose level although they have been diagnosed with
DM. It is this pool of cases of DM left uncontrolled
which would become more prone to complications, and
ultimately put a higher financial strain on the country.
When assessing only the Omani national population
who are served by free primary healthcare, about half of
those taking medication were shown to have a controlled
blood glucose status. This reveals that only 17% of the
individuals who were picked by the health system had a
controlled blood glucose status, which is an alarming fig-
ure. Challenges of health promotion as part of Oman’s
Health Vision 2050 have to be tackled to address unsafe
behaviours and subsequently health-related interventions
[32]. It is of paramount importance that further research
looks into understanding the underlying issues to be able
to address them at the root level [33].

Study limitations

Firstly, due to the nature of the study design being cross-
sectional, any casual inferences should be interpreted with
caution. Secondly, blood glucose measurement was done
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by a spot analyser rather than venous blood glucose esti-
mation due to logistical constraints. However, regular
quality control checks on blood glucose measurement was
done as per the manufacturer’s instructions. Thirdly, only
fasting blood glucose level was used to measure for dia-
betes and prediabetes rather than the more sensitive oral
glucose tolerance test (OGTT) or the HbAlc test due to
financial and logistical constraints of a large-scale house-
hold community survey.

Conclusion

In conclusion, the current study provides reliable evi-
dence regarding the high burden of DM among the adult
population in Oman. With around 28% of the general
population having either diabetes or prediabetes, urgent
attention is needed to address this significant burden on
the health system. The newly diagnosed cases of DM in
the community should not be neglected and also be of-
fered early treatment in order to avoid complications.
The reasons for uncontrolled DM in Oman warrant fur-
ther research and innovative strategies to address this
population. Prevention of DM should have a high prior-
ity in public health development plans in Oman to pre-
vent associated rising economic costs.
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