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ABSTRACT

Objectives: We sought to develop and validate a diabetic risk score model as a non-
invasive and self-administered screening tool to be used in the general Omani population.
Methods: The 2008 World Health Survey (WHS) data from Oman (n = 2720) was used
to develop the risk score model. Multivariable logistic regression with the backward
stepwise method was implemented to obtain risk factors regression coefficients for sex,
age, educational attainment, marital status, place of residence, hypertension, body mass
index (BMI), waist circumference, tobacco use, daily fruit and vegetable intake, and
weekly physical activity. The model coeflicients were multiplied by a factor of five to
allocate each variable category a risk score. The total score was calculated as the sum of
these individual scores. The score was validated using another Omani cohort (Sur Survey
2006 dataset, n = 1355) by calculating the area under the receiver-operating characteristic
(ROC) curve (AUC), and optimal score sensitivity and specificity were determined.
Results: A robust diabetes risk score model was produced composed of eight variables
(age, sex, education level, marital status, place of residence, hypertension, smoking status,
and BMI) with an optimal cutoff point of > 15 to classify persons with possible prevalent
type 2 diabetes mellitus (T2DM). At this cutoff point, the model had a sensitivity of
71.1%, specificity of 74.4%, and AUC of 0.80 (95% confidence interval (CI): 0.78-0.82),
when internally validated (in the WHS 2008 cohort). When the model was externally
validated (using the Sur 2006 cohort), the optimal cutoff point for the score was > 13,
with a lower sensitivity (54.0%), higher specificity (79.0%), and an AUC of 0.74 (95%
CI: 0.70-0.78). In contrast, the test of the old Omani, Kuwaiti, Saudi, and Finnish
diabetes risk scores in our study populations showed poor performance of these models
among Omanis with poor sensitivity (29% to 63.5%) and reasonable specificity (70% to
80%). Conclusions: The developed diabetes risk score for screening prevalent T2DM,
provides an easy-to-use self-administered tool to identify most individuals at risk of this
condition in Oman. The score incorporates eight diabetes-associated risk factors that
can also act as a tool to increase people’s awareness about the importance of diabetes-
related risk factors and provide information for policymakers to establish diabetes
prevention programs.

ype 2 diabetes mellitus (T2DM) is a
leading public health concern globally
and a well-known cause of premature
death. It is primarily a silent disease
that leads to several complications if the affected
person remains undiagnosed.' Globally, 49.7%
of all diabetes cases in adults are estimated to be
undiagnosed, ranging from 69.2% in Africa, 57% in
Asia, and 38% in Europe and North America.” An
estimated 76.5% of all undiagnosed cases are in low-
and middle-income countries.? Based on the Oman

World Health Survey 2008 (WHS 2008), the crude

prevalence of T2DM in Oman is high (12.3%), with
40.9% undiagnosed.’?

The gold standard diagnostic test for T2DM is
through biochemical blood tests, including both
fasting blood glucose and oral glucose tolerance
test (OGTT).*> However, both tests are invasive,
expensive, and less feasible for population-based
screening.®” Therefore, findinga simple, cost-effective,
non-invasive tool to screen for blood sugar to detect
high-risk individuals for T2DM is imperative.>

Multivariable diabetes risk scores calculate
the risk of developing diabetes in healthy people.®

*Corresponding author: Rwater 140@hotmail.co.uk
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Presently, many risk scores have been developed
and validated in different inhabitants, showing
good discriminatory capability in populations
either for detection of undiagnosed diabetes or the
identification of a high-risk group.® A previous effort
to develop a tool to identify risk scores for T2DM
in Oman was led in the 1991 National Diabetes
Survey data.” However, that tool did not contain
variables on physical inactivity or dietary intake
of fruits and vegetables.” The high prevalence of
undiagnosed diabetes in Oman in the 2008 national
survey compelled us to conduct a further study in
this field.”® The aim of this study was to develop a
valid and updated risk scores assessment tool for
undiagnosed T2DM in the Omani population using
the WHS 2008 dataset.

METHODS

We used data from two cross-sectional surveys: the
WHS 2008 as the development model, and the
2006 Sur Healthy Lifestyle Study as the validation
model."" Sur is a city in Oman located about 200
km east of Muscat, Oman’s capital. The WHS 2008
contained 2720 subjects and the Sur Survey 1355
subjects after excluding individuals with missing
relevant data. The response rate in the former
study was 86.3% and in the latter 80.8%. Details
of sampling methods for both surveys have been
published previously.'"'?

Both surveys used the World Health Organisation
(WHO) criteria (1999) to identify prevalent
T2DM (i.e., fasting blood glucose > 7 mmol/L)."?
Additionally, both surveys collected similar
data, which included age, sex, education, height,
weight, smoking habits, dietary intake, history of
hypertension, and physical activity. Residential area
information was only collected in the WHS 2008."

The study included Omani nationals aged > 20
years in the WHS 2008, which resulted in a sample
size of 2720 subjects after excluding individuals with
missing data.!" Eleven independent variables were
analyzed in categories to develop the model. The
model included gender (male or female), age (< 40
years or > 40 years), education (ever having attended
school or not), residence (urban or rural), marital
status (single, married, divorced, or widowed), and
tobacco use (current user, ex-user or non- user). Place
of residence was based on the standard definition
coined by Oman’s National Centre for Statistics

and Information (NCSI): urban areas (in which
75% of Omanis live) included four districts of the
capital city and centers of other districts with a
stable locality population of 2500+ persons and
at least three basic services (a government school,
public electricity, public dispensary, or telephone
services)."" Current tobacco use was defined as
smoking, sniffing, or chewing any tobacco products
at the time of the survey. Ex-users were those who
were not using tobacco products at the time of the
survey but used them in the past, and non-users were
subjects who reported to have never used any form of
tobacco products in their lifetime.

Obesity measures included body mass index
(BMI, kg/m2), which is calculated by dividing
weight in kilograms by the square of height in meters
(BMI: normal, < 25; overweight, 25-29.9; and obese,
> 30), and waist circumference (WC) (for males,
WC < 102 or > 102 cm, and for females, WC < 88 or
> 88 cm). In addition, the presence of hypertension
was defined as isolated systolic hypertension > 140
mmHg, isolated diastolic hypertension > 90 mmHg,
140/90 mmHg,

or on medication for high blood pressure, and

or combined hypertension 2

calculated by an average of three readings. Physical
activity was defined as insufficient (< 150 minutes
per week spent on walking/moderate activity/
vigorous activity), sufficient (> 150 minutes/weck
walking/moderate activity/vigorous activity), or no
physical activity, and fruit and vegetable intake was
measured as < 5 or > 5 servings per day). T2DM
(outcome) as a dependent variable was defined as
fasting blood glucose > 7 mmol/L, as per WHO
guidelines,” or self-reported diabetes diagnosed
by a physician.

Multivariable logistic regression was conducted
on data from the WHS 2008, with T2DM
(outcome) as a dependent variable, and risk factors
with a p-value < 0.100 were included as initial
independent variables. The backward stepwise
elimination method was used to formulate the
predicted model. Each B-coefficient was multiplied
by the same factor of five to reveal the different
weights that each independent variable has with
regard to the dependent variable. The score number
was rounded to the nearest complete integer, and the
individual risk score was the sum of the scores of their
variables. Adjusted odds ratio (aOR) as a measure
of association with 95% confidence intervals (ClIs)
were determined.
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Table 1: Baseline demographic and clinical characteristic of participants in the World Health Survey 2008
and Sur Healthy Life Survey 2006.

Variables World Health Survey 2008 (n = 2720) Sur Survey 2006 (n = 1355)
Male, n (%) Female, n (%) Male, n (%) Female, n (%)
n = 1290 (47.4%) n = 1430 (52.6%) n=591(43.6%) n =764 (56.4%)

Age group

20-39 776 (60.2) 858 (60.0) 373 (63.1) 546 (71.5)

40-59 324 (25.1) 408 (28.5) 159 (26.9) 177 (232)

> 60 190 (14.7) 164 (11.5) 59 (10.0) 41 (5.4)
Education

Yes 965 (74.8) 854 (59.7) 533 (90.2) 604 (79.2)

No 325(252) 576 (40.3) 58 (9.8) 159 (20.8)
Marital status

Single 394 (305) 235 (16.4) 184 (31.1) 211 (27.6)

Married 836 (64.8) 929 (65.0) 396 (67.0) 441(577)

Divorced/separated 34(2.6) 81(5.7) 8(1.4) 55(7.2)

Widowed 26 (2.0) 185 (12.9) 3(05) 57(75)
Residence

Rural 610 (47.3) 651 (45.5) - -

Urban 680 (52.7) 779 (54.5) - -
Diabetes status

No 1125 (87.2) 1280 (89.5) 518 (87.6) 648 (84.8)

Yes 165 (12.8) 150 (10.5) 73(12.3) 116 (152)
Isolated systolic hypertension

No 785 (61.3) 1105 (77.8) 529 (89.5) 718 (94.0)

Yes 495 (387) 316(222) 62 (10.5) 46 (6.0)
Isolated diastolic hypertension

No 898 (70.1) 1179 (83.1) 540 (91.4) 725 (95.1)

Yes 383 (29.9) 240 (16.9) 51(8.6) 37 (4.9)
Combined hypertension

No 669 (65.5) 959 (77.0) 479 (87.4) 643 (87.5)

Yes 352 (34.5) 286 (23.0) 69 (12.6) 92 (12.5)
wWC*

Normal 958 (80.50) 567 (42.82) 482 (84.56) 339 (48.4)

High 232(195) 757 (572) 88 (15.4) 362 (51.6)
BMI, kg/m?

<25 594 (46.9) 595 (43.1) 244 (413) 225(29.5)

25-29.9 413 (32.60) 405 (29.33) 223(37.7) 220 (28.8)

> 30 260 (205) 381 (27.6) 124 (21.0) 319 (41.8)
Tobacco use

Ex-user/non-user 1088 (84.3) 1428 (99.9) 435(73.6) 748(97.9)

Current user 202 (15.7) 2(0.1) 156 (26.4) 16 (2.1)
Fruits and vegetables, daily serving consumption

Sufficient > 5 286 (24.5) 296 (22.7) 64(10.8) 56 (7.3)

Insufficient < S 880 (75.5) 1,007 (77.3) 527 (89.2) 708 (92.7)
Physical activity

Sufficient 782 (60.6) 754 (52.7) 541 (91.5) 723 (94.6)

Insufficient 137 (10.6) 174 (12.2) 25 (42) 35 (4.6)

No 371 (28.8) 502 (35.1) 25(42) 6(0.8)

WC: waist circumference, normal for males WC <102 and female WC < 88, otherwise considered as high; BMI: body mass index; PA: physical activity.
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Table 2: Diabetes risk score predictors by multivariable logistic regression using backward stepwise

elimination method, Oman World Health Survey, 2008.

Variables B-coefficient

Intercept -47698
Sex
Female -
Male 0.4089
Age group
< 40 years -
> 40 years 1.3967
Education
Yes -
No 0.4453
Marital status
Single -
Married 0.5220
Divorced/separated 0.7711
Widowed 0.9174
Residence
Rural
Urban
Combined hypertension
No -
Yes 0.7437
“BMI, kg/m?
< 25 -
25-29.9 0.4089
> 30 0.8364

Tobacco use status

0.3682

Ex or non-user -

09174

Current user

aOR (95% CI)T p-value Score
Reference
15 (1.1-2.1) 0.017
Reference
40(26-6.1) <0.001
Reference 0
16(1.1-22) 0.017 2
Reference 0
17(0.9-3.1) 0.099 3
22(09-3.1) 0.080 4
25(12-53) 0.018 5
Reference
14 (11-19) 0.015
Reference 0
2.1 (1.5-29) <0.001
Reference
15(1.1-22) 0.028
23(1.6-33) <0.001
Reference 0
26(16-41) <0.001 5

aOR: adjusted odds ratio; BM: body mass index; CI: confidence interval.

The receiver operating characteristic (ROC)
curve was used to evaluate the discrimination of the
model developed. This curve plots the sensitivity
against 1-specificity (false-positive rate), and the
area under the curve (AUC) is generally stated.
The greater AUC is, the more accurate the test.*"
A model with perfect discriminative ability has an
AUC of 1.0, while an AUC of 0.5 provides no better
discrimination than chance. We also used the same
method to assess our score discrimination ability
by calculating the sensitivity and specificity of the
score. Additionally, we used the external dataset
from the Sur Healthy Lifestyle Survey 2006 cohort
to evaluate and validate the discriminatory ability
of the developed model by calculating sensitivity,
specificity, and the AUC."?

To compare the performance of the developed
model derived from this study with the Omani,’

Finnish,'® Kuwaiti,'” and Saudi® risk scores among
Omanis, the logistic regression equations from these
models, were applied on the WHS 2008 and the Sur
2006 cohorts’ dataset of Oman.!"!* The data were
analyzed using Stata software (version 13, Stata Corp,
Texas, USA). Stata commands /roc and roctab were
used to calculate the sensitivity and the specificity
for each score performance using the cutoffs points
proposed by the original publications.

RESULTS
The demographic and clinical characteristics of
the study participants in WHS 2008 are shown
in Table 1. Approximately half of the participants
were female (52.6%, n = 1430), and nearly two-
thirds belonged to the 20-39 age group. There

were significant differences in terms of clinical
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Table 3: Overall diabetes prevalence and diabetes risk by score, World Health Survey 2008 (WHS 2008),
and Sur health lifestyle survey 2006, Oman.

WHS 2008 Sur Survey 2006
Score Diabetes prevalence aOR (95% CI) Diabetes prevalence ~ aOR (95% CI)
N n % N n %

0-5 724 8 1.1 1 529 33 6.2 1

6-11 785 40 5.1 48(2.2-10.3) 379 35 92 1.5 (0.9-2.5)
12-17 671 99 14.8 15.5 (7.5-32.1) 327 71 217 4.1(2.6-64)
18-23 344 145 422  377(183-778) 119 50 42.0 10.8 (6.5-18.0)
> 24 51 23 451  73.5(302-178.8) 1 0 0.0 Not defined

aOR: adjusted odds ratio; CI: confidence interval.

characteristics between males and females, such
as hypertension, BMI, WC, physical activity, and
tobacco use status (p < 0.001).

The diabetes risk score was generated using
multivariable logistic regression as shown in Table
2. It encompasses sex, age, educational attainment,
material status, residence, hypertension status, BMI,
and tobacco use. WC, daily consumption of fruit
and vegetables, and insufficient physical activity were
excluded from the final model in a stepwise fashion as
they did not attain the level of statistical significance.
The total diabetes risk score was calculated as the sum
of the individual scores, ranging from 0 to 31 points.

Opverall, the prevalence of diabetes was increased
in higher risk score categories by 42.2% and 45.1%
in score categories 18-23 and > 24, respectively
[Table 3]. In addition, increasing score category was
associated with an increased risk of diabetes. For
higher score categories (12-17, 18-23, > 24), the
aORs (95% Cls) were 15.5 (7.5-32.1),37.73 (18.3~-
77.8),and 73.5 (30.2-178.8), respectively [ Table 3].
Similar results were obtained when the analysis was
conducted for men and women separately.

An increased risk of diabetes was noted in both men
and women as the score elevated (data not shown).

The baseline demographic and the clinical
characteristics of the participants in the Sur survey,
distributed by gender, are illustrated in Table 1. More
than half of the participants were female (56.4%; n
=764), and approximately 71.5% were in the 20-39
age group.

Despite some differences in the diabetes
predictors between WHS 2008 and Sur Healthy
Lifestyle Survey 2006, we have applied the developed
score to assess how well it predicts the risk of diabetes
in a different dataset. The overall prevalence of
diabetes was elevated with increasing risk score to
21.7% and 42.0% in score categories 12-17 and
18-23, respectively. Additionally, a greater risk of
diabetes was associated with an increase in score
category. The adjusted odds of having diabetes were
10.9 times greater in the 18-23 category than the
0-5 category [Table 3]. Men had a higher risk of
diabetes in the 1823 score category than women: aOR
23.5 vs. 10.9. However, as the score category increases,
the risk of diabetes becomes greater (data not shown).

Table 4: Comparison of performance of the currently developed model with four pre-existing diabetes risk
score models to predict prevalent type 2 diabetes in two Omani adult cohorts (World Healch Survey 2008

(WHS 2008) and Sur Health lifestyle Project 2006).

Model ‘WHS 2008 Sur Survey 2006

Optimal Sensitivity  Specificity AUC (95% CI)  Sensitivity Specificity AUC (95% CI)

cutoff point

Omani >15 71.1% 74.4%. 0.80 (0.78-0.82) 54.0% 79.0% 0.74 (0.70-0.78)
(Current)
Omani Old® > 10 63.5% 769%  079(0.76-0.82)  48.1% 81.8%  0.75(0.71-0.79)
Finnish® >9 37.7% 89.4%  0.79(0.75-0.83)  43.6% 84.0%  0.70 (0.64-0.75)
Kuwaiti'” >32 34.6% 87.1% 0.77 (0.74-0.80) 29.1% 88.8% 0.75 (0.71-0.79)
Saudi'® > 10 40.0% 87.3% 0.78 (0.75-0.80) 34.9% 91.4% 0.76 (0.72-0.8)

CI: mnﬁz/mm interval; AUC: area under the curve.
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Figure 1: Receiver operation characteristic (ROC)
curve showing the performance of the diabetes
risk score model in predicting diabetes in the 2008
Oman World Health Survey (WHS 2008) (blue)
and the Sur Healthy lifestyle survey 2006 (Sur 2006)
(maroon) cohorts. The area under the WHS 2008
curve was 0.80, and the area under the Sur 2006 curve
was 0.74. An optimal cutoff point for diabetes risk
score of > 15 (orange point) produced a sensitivity
of 71.1% and a specificity of 74.4% in the WHS 2008
cohort, and a cutoff point for diabetes risk score of
> 13 (yellow point) produced a sensitivity of 54.0%
and a specificity of 79.0% in the Sur 2006 cohort.

The ROC curve and measuring AUC were used
to assess the internal validation of the proposed
score. Our score produced an AUC value of 0.80
(95% CI: 0.78-0.82) [Table 4]. The cutoff point
for the diabetes risk score was calculated based on
the probability cutoff value and was > 15, producing
a sensitivity of 71.1% and a specificity of 74.4%.
Applying the derivate model equation to the
validated sample dataset, the AUC was 0.74, 95%
CI: 0.70-0.78 [ Table 4]. A cutoft point for diabetes
risk score of > 13 produces a sensitivity of 54.0% and
a specificity of 79.0% in the same cohort [Figure 1
and Table 5].

On testing the performance of the first Omani
model,’ Finnish Concise model,'* Kuwaiti,'” and
Saudi'® risk scores on Oman’s two cohorts (WHS
2008 and Sur 2006), the Finnish, the Kuwaiti, and
the Saudi models showed similar performance on
both Omani cohorts with low sensitivity and high

specificity [ Table 4].

DISCUSSION
Our study provides an updated and simple risk
assessment screening tool for T2DM based on
causal risk factors that could be self-administered
in community-based settings in developing
countries. In our model, all regression coefhcients

Table 5: Type 2 diabetes risk assessment table
(Omanis).

Please select the most suitable characteristic Score

for you
What is your gender?
Female
Male
What age are you now?
< 40 years
> 40 years
Did you ever go to a government school?
Yes
No

‘What is your current marital status?

S )

Single
Married
Divorced/separated
Widowed

Place of residence
Rural
Urban

Combined hypertension
No
Yes

What is your body mass index, kg/m??
<25
25-29.9

Are you:

VAR SN N =)

S )

Ex or non-user of tobacco 0
Current user of tobacco

Add total Score Points

were multiplied by a factor of five to allocate each
variable category a risk score. The resulted risk score
ranged from a minimum of zero to a maximum of
31 when scores were summed for all individual risk
factors. In addition to using similar demographic
variables as in previous reports in the populations of
Oman, Finland, and the UK, respectively,”'*" our
instrument introduced new variables consisting of
eight modifiable and non-modifiable risk factors,
whereas Kuwait’s risk score; for example, had only
four variables.”

Although prevention programs can only address
modifiable risk factors, the non-modifiable risk
factors, such as age and gender, are significant
components in determining an individual’s risk and
are widely used in risk prediction models for diabetes
mellitus.”® According to the American Diabetes
Association, people should be screened by the age
of 45, even without co-existing risk factors.”' We

OMAN MED J, VOL 37, NO 1, JANUARY 2022
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found that age was the most significant predictor for
diabetes, and those who were > 40 years of age had a
four times higher risk than those < 40. We also found
gender was associated significantly with the risk of
diabetes, in contrast to the Omani score, in which
gender was not a significant predictor.’

Similar to previous studies, high blood pressure,
a modifiable risk factor, was a significant predictor
of diabetes in our tool. Conen et al,?> showed
that high blood pressure is a strong predictor for
diabetes incidence in healthy middle-aged persons.
Diabetes and hypertension often occur together in
a subject and are correlated with obesity as a part
of metabolic syndrome.” We found that the risk of
diabetes is increased two-fold among hypertensive
patients. Similar results were reported by Al-Lawati et
al,” and by Lindstrom et al,' who found in a Finnish
score that the risk of diabetes was doubled in patients
with hypertension.

Contrary to the Omani score, in which both WC
and BMI have been independently associated with
diabetes,” our study showed only BMI but not WC
as a significant predictor for diabetes. Similarly, the
Cambridge diabetes risk score included only BMI as
a significant predictor."”

Unlike the previous Omani score, in which
no information was available for dietary intake or
physical inactivity, we could incorporate physical
inactivity and dietary intake into our model.’
However, these variables did not attain the
significance level and were excluded from the final
model. In the Finnish diabetes risk score, both factors
were also shown not to be significant predictors but
were kept in the model mainly to increase awareness
of the modifiable risk factors.'* Our diabetes risk
score is the first study including marital status to
estimate the risk of diabetes in the Middle East.
Marital status has been previously associated with
diabetes.” Our finding that widowed individuals had
a 2.5 times higher risk than unmarried individuals
was consistent with Cornelis et al,” study in the US.

In addition, our study was among only a few
taking into account education level in the diabetes
risk assessment.?*2¢ We illustrated that the risk of
diabetes was doubled in illiterate people compared
to educated people. Similar findings were reported
by Bayindir Cevik et al,” in a population-based study
conducted in Turkey.

Several studies have shown that tobacco use

20,28

increases the risk of developing diabetes,**® and it

has been included in previously reported risk scores,
such as Australian and Saudi risk scores.'®* Similarly,
we found tobacco users had a 2.6 times higher risk
than non-users. Prior diabetes risk scores in Oman
and Kuwait did not include tobacco use."”

We also report an increased prevalence of
diabetes in urban compared to rural areas (13.5%
vs. 9.4%, p < 0.001). A systematic review of
the prevalence of diabetes in Gulf countries
demonstrated that the prevalence of diabetes was
higher in urban areas.”® Unfortunately, we were
unable to include data on the residential area
during the model validation, as no information was
provided in the Sur survey on the residence area
of participants.

Overall, in comparison with the existing
scores, based on demographic and anthropometric
measurements and medical history, our score showed
consistent associations with most of these variables.?!
We consider our risk score to be more comprehensive
by including eight modifiable and non-modifiable
risk factors, some of which, such as marital status,
had not previously been included previous diabetes
risk scores. The performance of risk-prediction
scores is commonly judged based on their sensitivity,
specificity, and AUC.* The performance of existing
risk scores has shown mixed results in identifying
high-risk individuals. For example, the Finnish
diabetes score had a high sensitivity (81%) and
specificity (76%).'¢ The Kuwaiti and Saudi diabetes
risk scores had higher sensitivity (87% and 76.5%,
respectively) and lower specificity (64% and 52.1%,
respectively).'”!® The first Omani score was reported
to have a sensitivity of 78.6% and a specificity
of 73.4%.> Our score was in between the above-
mentioned models, with a sensitivity of 71.1% and
a specificity of 74.4%.

Our risk score produced a high AUC (0.80)
when applied to the WHS 2008. Comparable results
have been reported from the Finnish diabetes risk
score (AUC 0.85).!° The AUC of the Saudi risk score
was 0.69."® Therefore, our model performed well in
its discrimination ability.

Overall, we have tested our score performance
in the WHS 2008 sample and showed that it was
internally valid based on its sensitivity, specificity,
and AUC curves. Most risk score studies reported
discrimination (AUC) as a measure of performance,
while only a few studies reported both the
discrimination and calibration parameters.®
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Nonetheless, our model displayed lower external
validity when it was applied to the Sur Survey
2006, as demonstrated by a decline in AUC value
(0.74), low sensitivity (54.0%), and reasonable
specificity (79.0%). Lower external validity can be,
totally or partially, explained by the differences in
the characteristics of the population.** An example
is the Finnish diabetes risk score, which was
validated in the Philippine population where the
discrimination power was lower (ROC = 0.74).
We found statistically significant differences in the
demographic and clinical characteristics between
the two surveys of Oman regarding almost all of
the variables. In addition, we did not apply our fully
predicted model because the Sur survey was lacking
information on residential areas, which might
partially explain the lower score performance.

Furthermore, the suitability of the risk score
in a population is determined by the prevalence of
the diabetes risk factor in that population and the
degree of association between the risk factors and
diabetes.!”** We found in the Sur survey 2006 that
the association between diabetes and tobacco use was
not significant, while it was significant in the WHS
2008. Although tobacco use was not a significant
predictor, we still applied the proposed model to
the Sur survey. This could also explain the lower
score performance.

The main strength of our study is that the
diabetes risk score was developed from a population-
based study, which reduced selection bias. To our
knowledge, this is the second diabetes risk score for
the Omani population that was developed based on
simple demographic, anthropometric, and clinical
characteristics.” Our comprehensive score included
traditional modifiable risk factors and introduced
new variables, such as education, marital status, and
residence area.

The aim was to increase awareness of
modifiable risk factors and the importance of
having a healthy lifestyle when the risk score is
implemented practically in community screening
of diabetes.

However, some limitations of this study need to
be considered. First, a family history of diabetes is
an important risk factor, and it was not included in
the risk score because no information was available
in the used dataset. This factor reveals the genetic
predisposition toward developing diabetes.'¢
However, lifestyle modification can reduce diabetes

incidence even in genetically susceptible individuals.'®
Second, we were not able to apply our predicted
model fully, as the Sur survey 2006 did not collect
information on residential areas. Third, we excluded
alarge number of observations (736 subjects, 20.9%)
because the outcome of diabetes was unknown. A
disproportionate number (63.0%) of that unknown
diabetes status was from subjects < 40 years of age,
as these individuals are at a lower risk of diabetes.
This might have introduced a differential bias, as the
health status of the responders may differ from the
potential health of those who did not participate,
and thus results would be biased toward a healthier
population. Fourth, our risk score was based on the
analysis of secondary data from a cross-sectional WHS
2008, and the information from the original survey
was collected on self-reported chronic diseases, which
might have introduced a potential for volunteer bias,
possibly toward a healthier population. Fifth, the lack
of longitudinal data in this study is a limitation. The
cross-sectional data provide only the association of
prevalent cases of T2DM with the risk score rather
than identifying incidence cases. Therefore, it cannot
be used to estimate the risk of future disease.”®
However, many studies have shown good validation
among similar risk scores, even in a cross-sectional
setting. Although the Cambridge diabetes risk
score was developed from a cross-sectional survey, it
performed moderately well in predicting diabetes risk
in a prospective cohort with a follow-up of 4.8 years."”

CONCLUSION

We developed a comprehensive predicted diabetes
risk score based on demographic and anthropometric
measurements readily available in primary health
care. Itis aunique score as it includes eight modifiable
and non-modifiable risk factors with good sensitivity
and specificity. To date, this is the second non-
invasive, simple and safe instrument developed for
the Omani population, as diabetes is a major health
concern in Oman, and there has been a steady rise in
its prevalence over the last two decades.
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