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Screening for diabetes in Kuwait and evaluation of

risk scores
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ABSTRACT This study aimed to develop a simple risk score to identify individuals at high risk for undiagnosed
diabetes in the Kuwaiti adult population and to assess the performance of previously published diabetes risk
scores. A cross-sectional survey with a sample of 562 Kuwaiti public sector employees was carried out in 2007.
Data were collected through a self-administered questionnaire and a blood glucose test. The overall prevalence
of diabetes using American Diabetes Association 2003 criteria was 21.4% (4.1% newly detected). The proposed
score had 87% sensitivity and 64% specificity in predicting undetected diabetes using only 4 questions (age,
waist circumference, use of blood pressure medication and diabetes in a sibling). Most previously published risk
scores were not applicable to this population.

Dépistage du diabete au Koweit et évaluation des scores de risque

RESUME Cette étude visait a mettre au point un score de risque simple destiné a identifier les individus a haut
risque de diabéte non diagnostiqué dans la population adulte koweitienne eta évaluerla performance des scores
de risque du diabéte publiés auparavant. Une étude transversale sur un échantillon de 562 employés du secteur
public koweitien a été réalisée en 2007. Les données ont été recueillies au travers d'un auto-questionnaire
et d’un test de glycémie. La prévalence globale du diabete selon les criteres établis en 2003 par I’Association
américaine du diabete était de 21,4 % (4,1 % de diabéte nouvellement détecté). Le score proposé présentait
87 % de sensibilité et 64 % de spécificité dans la prédiction de diabete non détecté en se basant uniquement sur
4 questions (age, tour de taille, prise de médicaments pour la pression artérielle et cas de diabete dans la fratrie).
La plupart des scores de risque publiés antérieurement n’étaient pas applicables a cette population.
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Introduction

The rapid increase in the incidence of
diabetes mellitus has led to heightened
public concern over prevention and
treatment [ 1]. Studies suggest that one-
third of all people with diabetes may be
undiagnosed [2]; therefore early detec-
tion of undiagnosed diabetes and the
identification of those at high risk are
crucial steps in reducing the associated
health care burden [3,4]. It is known
that the delay from disease onset to
diagnosis may sometimes exceed 10
years [ 5] and that one or more vascular
complications are already present by
the time of diagnosis [6,7].

Identifying those at high risk allows
appropriate interventions to be initiated
so that the transition to overt diabetes,
with its attendant complications, can
be prevented or delayed [8]. Question-
naires based on multivariate risk factor
models have been used in a number of
populations, with encouraging results.
The aim of all these is to limit the pro-
portion of the population that needs to
undergo laboratory-based diagnostic
glucose measurements. However, before
their widespread use it is necessary to
validate the risk scores in different popu-
lations because a single questionnaire
might not be universally applicable.

Arab countries are undergoing a
rapid epidemiological transition and are
reporting high rates of type 2 diabetes
in the population [9-11]. Nonethe-
less, there is an intense debate about
how this should be managed and, while
much research has focussed on diag-
nosed diabetics, little is known about the
prevalence and risk factors associated
with those living with diabetes but un-
diagnosed. None of these countries has
any systematic screening programme
for diabetes. In this context, we aimed to
explore the prevalence of undiagnosed
diabetes and the factors associated with
it, so that a pen and paper risk score that
is non-invasive and simple to use could
be developed for the Kuwaiti popula-
tion. We also aimed to assess locally the

performance of previously published
diabetes risk scores.

Our findings were based on a cross-

sectional survey carried out during
March to April 2007.

Sample size determination

The prevalence of type 2 diabetes mel-
litus in the Kuwaiti adult population is
known to be about 15% [12]. Based on
findings that suggested that about one-
third of diabetics are undetected [4], we
estimated the prevalence of unknown
diabetes to be 5%. With a type 1 error of
5%, a power of 80% and an allowed error
of 3% in either direction, we required a
sample size of at least 413 to estimate
the prevalence of unknown diabetes in
this population.

Study population

We used sex-stratified multi-stage
cluster sampling among public sector
employees in Kuwait. Of 9 government
ministries S were randomly selected.
Sampling from each ministry was pro-
portional to the size of each of these
ministries. Each ministry building was
divided into 7 clusters with one and
half floors per cluster. The number of
clusters required was calculated based
on the sample size requirement and
clusters to be included were randomly
selected. All adult males and females in
the selected clusters were approached.
Stratificationbasedonsexwaspossibleas
males and females had separate working
areas. Pregnant women, who are prone
to develop gestational diabetes, were
excluded.

Ofatotal of 5430 employees in Ku-
wait, we approached 578 and of these
562 agreed to participate (a response
rate of 98%). The reasons for refusal
were not determined but unwilling-
ness to provide a finger-prick sample
may have been a reason for some of the

refusals.
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The Ethics Committee of the Fac-
ulty of Medicine, University of Kuwait,
approved this study. We also obtained
written consent from each participant.

Data collection

Data were collected through a self-
administered questionnaire and a blood
glucose test.

Detection of diabetes

A total of 97 participants reported that
they had been already diagnosed with
diabetes by a physician. The diabetes
status of 2 participants was unknown.
This left 463 to be classified based on our
blood glucose measurements. We asked
the participants who agree to participate
and who consented to fast for more
than 8 hours for testing the following
day. Blood glucose was measured us-
ing the Accu-Check Go blood glucose
meter (Roche Diagnostics, Mannheim,
Germany). Diagnosis of diabetes was
based on the American Diabetes As-
sociation (ADA) 2003 criteria [13]. If
fasting blood glucose was > 7.0 mmol/L
or random glucose > 11.1 mmol/L
participants were classified as newly
diagnosed diabetes. Those with fasting
glucose levels between 5.6-6.9 mmol/L
were classified as having impaired fasting
glucose or pre-diabetic status.

Screening tools

Our research instrument consisted of
blood glucose measurements, anthro-
pometric measures (weight, height,
waist circumference) and a specially-
designed self-administered question-
naire. The questionnaire consisted of 24
items about physical activity, family his-
tory of diabetes and food and drink con-
sumption and dieting. To develop the
questionnaire we performed a Medline
search in March 2007 using keywords
that include diabetes. We identified 8
tools that were non-invasive and had
clear criteria for screening that could be
applied to our study. The risk screening
tools were from the following popula-
tions/sources: Thailand [14], Oman
[15], Rotterdam (The Netherlands)
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[16], Denmark [17], Cambridge (Eng-
land) [18], the ADA (United States)
[19], Finland [20] and India [21]. We
pooled the published risk factors and
included them in the questionnaire to
which the required demographic vari-

ables were added.

Statistical methods

Forthe published risk scores, sensitivity
and specificity were computed using
the cut-offs proposed by the original
publications. Then, for comparison,
specificity was calculated using an
adjusted cut-off that resulted in 75%
to 85% sensitivity within our study
population. The survey data were

entered into a forward stepwise logistic
regression model to identify the most
important and independent predic-
tors for undetected diabetes. Points
were assigned to each variable based
on the magnitude of the regression
coefhcients. Each beta coefhcient was
rounded to the nearest integer. The
risk score for an individual patient
was determined by assigning points
for each factor present and summing
these. A receiver-operating character-
istics (ROC) curve and the area under
the curve were used to evaluate the
risk score developed and to determine
a cut-oft for our population based on
optimal sensitivity.

A total of 562 participants were initially

recruited to the study, with a mean age
of 362 (standard deviation 8.9) years.
The crude prevalence of total diabetes in
the Kuwaiti adult population was 21.4%
(120/560). There were 97 participants
[17.3%; 95% confidence interval (CI):
14.4%-20.7%] who reported a previ-
ous diagnosis of diabetes and 23 (4.1%;
95% Cl: 2.7%—6.1%) with undetected
diabetes.

Table 1 describes the study popula-
tion after excluding those already di-
agnosed with diabetes by a physician.

Variable

Age (years)
Height (cm)
Weight (kg)
BMI (kg/m?)

Waist circumference (cm)

Age group (years)
20-29
30-39
240
Sex
Male
Female
BMI (kg/m?)
Underweight (<19)
Normal (19-25)
Overweight (> 25-30)
Obese (> 30-40)
Morbidly obese (> 40)
Waist circumference (cm)
Males:
<102
=102
Females:
<88
>88

Impaired fasting blood

Table 1 Age, sex and anthropometric measurements of adult workers in Kuwait with different glycaemic states (n = 460)

Newly detected diabetic

Normoglycaemic

glucose (n =57) (n=23)2 (n=380)°

Mean SD Mean SD Mean SD
373 8.0 42.9 7.7 34.7 8.5
165.0 11.0 166.4 8.1 165.4 9.7
85.0 26.0 90.0 12.7 772 18.1
30.8 6.5 325 4.5 281 5.6
98.3 16.0 108.1 12.2 94.8 15.3
No. % No. % No. %
12 8.1 2 1.3 135 90.6
23 13.3 4 2.3 146 84.4
22 15.9 17 12.3 99 71.7
19 8.8 1 51 187 86.2
38 15.6 12 4.9 193 79.5
0.0 0.0 6 100.0

9 7.7 1.7 106 90.6
23 12.2 3.2 160 84.7
21 16.6 13 10.2 93 73.2
4 19.0 2 9.5 15 71.4
5 4.3 1.7 110 94.0
13 13.1 9.1 77 77.8
18 17.0 1 0.9 87 821
21 15.2 1 8.0 106 76.8

“American Diabetes Association 2003 criteria [13].
BMI = body mass index.
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Those whose diabetes status was
unknown were divided into 3 groups
based on the glucose test: newly de-
tected diabetics (1=23), those who had
impaired levels of glucose (1= 57) and
those without any rise in the glucose
levels (n = 380) (normoglycaemic).
We compared these 3 groups for their
anthropometric measures and other
risk factors.

The risk factors for undetected
diabetes were evaluated using forward
stepwise modelling (Tables 2 and
3). After multiple logistic regression,
age was first significant independent
predictor to be included in the model
significant independent predictor [odds
ratio (OR) 3.72, 95% CI: 1.05-132],
followed by waist circumference (OR
6.89,95% CI: 1.95-24.3), use of blood
pressure medication (OR 2.66, 95%
CI: 1.00-7.0S) and family history of a
sibling with diabetes (OR 2.66,95% CI:
1.08-6.54) (Table 3). A score for each
variable in the model was calculated
by multiplying the B-coefhcient by 10
(Table 3). The ROC curve of the score
we developed had an area under the
curve of 0.82 (Figure 1). We found that
the optimal cut-off (> 32 points) had an
acceptable sensitivity of 87% and spe-
cificity of 64% for predicting undetected
diabetes.

Alist of the risk factors investigated
in this study and those used in the
other published risk scores is given for
comparison in Table 4 [14-21]. These
risk scores were tested on participants
in our study. All of the risk scores per-
formed worse than our score in terms
of sensitivity and specificity at detecting
undiagnosed diabetes in our population
(Table S). The worst performing scores
in terms of specificity (after adjustment)
were the Rotterdam, Thai and ADA
scores. However, if the cut-offs were ad-
justed appropriately, the performance
of the other scores improved slightly.
The standardized cut-offs were gener-
ally higher than those in the populations
for whom the risk scores were originally
developed, except for the Rotterdam

and Danish scores, which needed to be
adjusted downwards.

Discussion

In this study the crude prevalence of to-
tal diabetes in Kuwait was high (21.4%),
particularly given the young age of the

population that we surveyed (mean
age 362 years). It is possible that a high
prevalence of diabetes is common to
the region, given the estimated 16% to
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24% prevalence of diabetes reported
from neighbouring countries [10,22].
In contrast to these figures, the crude
prevalence of total diabetes was 9.3% in
the United States of America popula-
tion in 19992002 [23].

Previously published risk scores
have several variables in common which
are (in order ofimportance): age, hyper-
tension, obesity/waist circumference/
body mass index, family history, sex,
physical activity and smoking [14-21].

Although these risk factors are common

Table 2 Univariate regression analysis of risk factors for diabetes in a group of
adult workers in Kuwait, using newly-detected diabetes as the dependent variable

Variable
Sex
Female
Male
Female with macrosomia
Age (years)
20-34
=35
BmI
BMI per kg/m? increment from 15
kg/m?
Waist circumference (cm)
<100
2100
Exercise
< 65 years and little or no exercise
Leisure time physical activity
Physical activity < 4 hours per week
Diet

Consumption of vegetables, fruits or
berries

Smoking status
Non-smoker
Previous smoker
Current smoker

Medical history
Parent with diabetes
Sibling with diabetes

Both siblings and parent with
diabetes

On steroids
Has hypertension
Previous diagnosis of hypertension

Currently on hypertension treatment

OR (95% CI) P-value
Ref.
1.04 (0.45- 2.40) 0.93
2.11(0.59-7.52) 0.25
Ref.
6.82(2.00-23.3) 0.002
110 (1.04-1.16) 0.002
Ref.
10.8 (3.17-37.1) <0.001
1.90 (0.43-8.28) 0.40
1.16 (0.49-2.74) 0.74
1.18 (0.34-4.09) 0.79
1.05 (0.45-2.43) 0.91
Ref.
3.09(0.96-9.91) 0.05
0.66 (0.19-2.32) 0.52
1.60 (0.65-3.97) 0.31
3.46 (1.48-8.07) 0.004
2.87(1.20-6.86) 0.02
2.50 (0.81-7.78) 0.1
2.43(0.86-6.85) 0.09
4.66 (1.87-11.6) <0.001
3.92 (1.36-11.3) 0.01

Ref. = reference category; BMI = body mass index; OR = odds ratio,; Cl = confidence interval.
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Table 3 Multivariate regression analysis of risk factors for diabetes in a group of adult workers in Kuwait

Variable

Multiple logistic regression

B-coefficient

OR (95% CI) Risk score

Intercept

Sibling with diabetes

Has hypertension previously
Age 2 35 years

Waist circumference 2100 cm

-5.018

0.979
0.978
1.315
1.930

2.66 (1.08-6.54) 10
2.66 (1.00-7.05) 10
3.72 (1.05-13.2) 13
6.89 (1.95-24.3) 19

A score for each variable in the model was calculated by multiplying the p-coefficient by 10. A score of = 32 points indicated a high risk for having diabetes.

OR = od(ds ratio; Cl = confidence interval.

across populations, their relative impor-
tance varies from population to popula-
tion. Obviously, some risk factors are
notapplicable to all populations; e.g. use
ofabicycle (in a questionnaire from the
Netherlands) may not be a risk factor
in a society that does not use bicycles
as a common mode of transport [16].
The inclusion of specific medications
and smoking may also be problematic
because the rate of prescription drug
use and smoking show large variations
in different regions and over time. Be-
cause their relative importance varies
from population to population, key
risk factors for each population need

1.0+

0.8

0.6

Sensitivity

0.4+

0.2+

0.0 T T T

to be established. In our population of
Kuwaiti public sector employees we
were able to define 4 risk factors that
were associated with diabetes risk after
multiple regression analysis: age > 35
years, waist circumference > 100 cm,
use of blood pressure medication and
family history of diabetes in a sibling, It is
interesting to note that sex—speciﬁc waist
circumference was not an independ-
ently associated risk factor for unde-
tected diabetes in our population and
only waist circumference > 100 cm was
maintained in multivariate analysis. This
may be explained by excess weight being
equally prevalent in females and males.

0.0 0.2 0.4

T
0.6 0.8 1.0

1- Specificity

Figure 1 Receiver operating characteristics (ROC) curve showing performance of
the score in this study (area under curve = 0.82)

When we assessed other published
risk scores incorporating these risk fac-
tors, the cut-offs for Kuwaitin most cases
needed to be moved upwards to retain
sensitivity. In other words, an individual
in the Kuwaiti population would need
to score higher in a given diabetes risk
score to achieve the same probability
of having diabetes as an individual in
the population from which the diabetes
risk score was originally developed. This
is a confirmation that different cut-off
points are needed in different popula-
tions. However, the suggested cut-offs
needed to be moved downwards for the
Rotterdam and Danish scores. This may
be due to the fact that both these risk
scores lacked waist circumference and
family history information, which are 2
risk factors that were independent pre-
dictors in our population. The absence
of these 2 factors made those risk scores
less capable of detecting undiagnosed
diabetes in Kuwait.

One of the limitations of this study
was that our blood glucose instrument
was not the recognized gold standard
for determining plasma glucose level.
The National Committee for Clinical
Laboratory Standards guidelines [24]
states that the difference between the
meter and the central laboratory in
95% of results should agree within 0.83
mmol/L at glucose concentrations <
4.2 mmol/L and within 20% at glucose
concentrations > 4.2 mmol/L. Our me-
ter showed 95% of the measurements
meeting the < 4.2 mmol/L requirement
and 91% meeting the > 42 mmol/L
requirement [25]. It therefore came
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Table 4 Description of previously published diabetes risk questionnaires applied in this study

Risk score source/ Reference and Variables
population year
American Diabetes Age, sex, BMI, female with history of delivery of a macrosomal child,
. (1911995 A ; . g
Association family history of diabetes in parent or sibling.
Rotterdam, concise model [16]11999 Age, sex, use of antihypertensives, presence of obesity.
. Age, sex, use of prescribed antihypertensives or steroids,
Catmniel I 2000 diabetes family history, smoking status.
Age, BMI, waist circumference, use of antihypertensives, history
Finnish [20]12003 of high blood glucose level, physical activity, consumption of
vegetables, fruits or berries.
Danish [17] 2004 /age, sex, BMI, knovyn hypertension, physical activity at leisure time,
istory of diabetes in parent.
Indian [2112005 Age, waist circumference, physical activity, family history of diabetes.
Thai [14]2006 Age, sex, BMI, waist circumference, hypertension, history of diabetes
in parent or sibling.
Omani [15] 2007 /:ge, waist circu mference, BMI, family history of diabetes, current
ypertension status.
Kuwaiti Present study Age, waist circumference, use of blood pressure medication, family

history of diabetes in a sibling.

BMI = body mass index.

very close to the gold standard and was
deemed adequate for the purpose of
this survey. In our study, plasma glu-
cose levels for the diagnosis of unde-
tected diabetes were interpreted based
on self-reported fasting of > 8 hours.
Those who did not report fasting were
considered to have a random plasma
glucose measurement with a cut-off

at 11.1 mmol/L for diabetes, without
confirming this on a separate day. This
may have led to a slight underestimate
of the burden of undetected diabetes in
this community. Validation of the risk
score in the same population and the
use of a larger sample size would have
further enhanced the generalizability of

our results.

| Conclusions S

We found the crude prevalence of
total diabetes to be 21.4%, and almost
one-ffth of the cases were previously
undiagnosed. We provide a simple
screening tool that identifies individu-
als who are at high risk of having diabe-

tes in the Kuwaiti population. It relies

Table 5 Performance of other noninvasive screening tools in detecting diabetes mellitus in the adult Kuwaiti population

compared with the current study

OC when adjusted cut-
off applied in this study

OC when original cut-
off applied in this study

Adjusted
cut-off
score

OC previously
published

Risk score source/
population

Original
cut-off
score

Sensitivity Specificity Sensitivity ~Specificity

Sensitivity Specificity

% % % % %

Thai 26 77 60 100 18 =11 83 54
Omani >10 79 73 96 42 213 70 64
American Diabetes

Association =10 78 65 91 41 >12 78 56
Cambridge (pt A) >0.080 91 52 91 46 - - -
Cambridge (pt E) >0.199 77 72 87 72 >0.273 78 78
Indian >60 73 60 87 50 >70 74 65
Finnish >9 77 66 83 65 29 83 70
Rotterdam >6 78 55 43 79 >5 78 41
Danish >3] 73 74 39 87 >21 78 62
Kuwaiti (present

study) >32 87 64 = = = = =

OC = operating characteristics.
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mainly on known risk factors that are
easy to measure and non-invasive. It
is made up of only 4 questions (age,
waist circumference, use of blood pres-
sure medication and family history of
diabetes in a sibling) but nevertheless it

had 87% sensitivity and 64% specificity.
Most of the previously published risk
scoreswerenotapplicable to our Kuwaiti
population; however their performance
improved if the suggested cut-off values
were adjusted appropriately.
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