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Abstract

for FINDRISC.

Aims: To prevent type 2 diabetes mellitus (T2D) and reduce the risk of complications, early identification of people at
risk of developing T2D, preferably through simple diabetes risk scores, is essential. The aim of this study was to create
a risk score for identifying subjects with undiagnosed prediabetes or T2D among Saharawi refugees in Algeria and
compare the performance of this score to the Finnish diabetes risk score (FINDRISC).

Methods: A cross-sectional survey was carried out in five Saharawi refugee camps in Algeria in 2014. A total of 180
women and 175 men were included. HbA1c and cut-offs proposed by the American Diabetes Association (ADA)
were used to define cases. Variables to include in the risk score were determined by backwards elimination in logis-
tic regression. Simplified scores were created based on beta coefficients from the multivariable model after internal
validation with bootstrapping and shrinkage. The empirical cut-off value for the simplified score and FINDRISC was
determined by Area Under the Receiver Operating Curve (AUROC) analysis.

Results: Variables included in the final risk score were age, body mass index (BMI), and waist circumference. The area
under the curve (AUQC) (C.I) was 0.82 (0.76, 0.88). The sensitivity, specificity, and positive and negative predictive values
were 89, 65, 28, and 97%, respectively. AUC and sensitivity were slightly higher and specificity somewhat lower than

Conclusions: The risk score developed is a helpful tool to decide who should be screened for prediabetes or T2D by
blood sample analysis. The performance of the risk score was adequate based on internal validation with bootstrap
analyses, but should be confirmed in external validation studies.
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Background

The global age-standardized prevalence of type 2 diabetes
(T2D) nearly doubled from 1980 to 2014 [1] causing great
economic strain to health care systems [2] and increased
risk of premature death globally [1]. In the Middle East
and North Africa region (MENA), the prevalence of T2D
was 12.8% in 2019 [3]. There has been a trend towards
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Westernized diets and a more sedentary lifestyle, with an
expected doubling of diabetes prevalence in the next 20
years as a result [4]. At the same time, it is estimated that
45% of adults with T2D on a global scale are undiagnosed
[5]. Tight control of blood glucose levels significantly
reduces the risk of complications [6], and early diagnosis
to prevent adverse health outcomes is essential [1].
Screening may identify individuals at high risk of devel-
oping diabetes so that appropriate preventive lifestyle
measures can be implemented to reduce the risk of com-
plications [2]. Meanwhile, lab-based screening of diabetes
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risk is costly, and the International Diabetes Federation
(IDF) recommends performing blood tests only on high-
risk individuals identified by screening questionnaires
[7]. Screening forms that are easy to comprehend and do
not include lab results may be suitable in low-resource
settings [8]. Various diabetes risk assessment forms have
been developed; some assess the risk of developing dia-
betes (incident cases) while others assess risk factors for
having undiagnosed (prevalent cases) T2D [2]. The large
majority of such risk forms, including the Finnish dia-
betes risk score (FINDRISC), are developed in Western
populations, and the consensus is that risk scores should
not be applied indiscriminately in different populations
(i.e., low- and middle-income countries) [9].

The Saharawi people have been living in refugee camps
around Tindouf, Algeria, since 1975. They live in a pro-
tracted environment in a harsh desert climate with a
scarcity of fresh food and water. In addition to receiving
monthly rations of basic commodities from international
donors, food may be purchased in local shops. Sugar con-
sumption is high while the level of physical activity is low
[10] and a high prevalence of obesity, especially among
Saharawi women, has been observed [11]. A study from
2019 with a convenient sample of adult Saharawi men
and women attending health clinics found a prevalence
of prediabetes of 10%, while more than 25% had undiag-
nosed T2D [12], underlining the need for a simple risk
score with good predictive ability. Diabetes risk scores
have been developed in Oman [13], Egypt [14], Iran [15],
Kuwait [16] and MENA [17], but never in a protracted
refugee setting. In the setting investigated, which had a
poorly functioning health system, we believe that early
intervention (before diabetes is diagnosed) is key to lim-
iting complications and financial strains caused by the
use of medication.

The aim of this study was to create a risk score for iden-
tifying subjects with undiagnosed prediabetes or T2D
among Saharawi refugees in Algeria and compare the
performance of this score to FINDRISC.

Methods

Aim, design and participants

A cross-sectional survey was carried out in 2014 in five
refugee camps near Tindouf, Algeria. The total popula-
tion in all five camps was estimated at approximately
165,000. Participants had to be 18 years of age to be eli-
gible, while individuals who were sick, bedridden, unable
to answer questions (for any reason), and women who
were pregnant were excluded from the study. This study
was part of a larger project aiming to assess metabolic
risk factors in the Saharawi population by collecting data
on dietary intake, obesity, stress, and physical activity.
Sample size calculations were performed using Open
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Source Epidemiologic Statistics for Public Health (Ope-
nEpi). The sample size (n = 360) was determined based
on an estimated prevalence of an inadequate diet of 50%
with a 5% significance level and an 80% confidence inter-
val. Due to unequal numbers of inhabitants in the five
refugee camps, a probability proportional to size (PPS)
method, assuming a 50/50 gender balance, was used to
select participants from each camp. A three-stage cluster
sampling was performed. First a camp, then a household,
and then one man and one woman from each household
were selected. During the study period, 52 participants
withdrew, due mainly to work obligations or personal or
family illness, and two participants were excluded. Forty-
nine additional participants were randomly recruited, so
that the final sample size consisted of 355 participants,
175 men and 180 women.

Data collection

Weight was measured in light clothing using digital Tara
scales produced for UNICEF (SECA 890; SECA, Ham-
burg, Germany). Participants’ height, without shoes but
with light headwear for women, was measured to the
nearest 0.1 cm using an ultrasonic metre from Soehnle
Professional or a UNICEF portable stadiometer if the
participant had a similar or taller height than the field
worker doing the measurements. Waist circumference
was measured by trained personnel, midway between
the ileac crest and lowest rib using an ergonomic meas-
uring tape from SECA (SECA 201; SECA, Hamburg,
Germany). BMI was calculated as body weight divided
by body height squared (kg/m?). BMI cut-offs for being
overweight and obese [18] and health risk based on waist
circumference [19], as proposed by the WHO, were
applied.

Cases were selected based on HbAlc levels. Blood
samples were collected by the finger prick method, and
HbAlc tests were performed using Quo-Test A1C test
cassettes (EKF Diagnostics, Cardiff, England). Control
testing of the equipment was performed weekly, plus for
each new shipment of test cassettes, in case of implau-
sible results or concern that the cassette had not been
stored appropriately. The measuring device used was
Afinion AS1000 (Abbott, Oslo, Norway). The resulting
hbAlc values were transformed from percent to mmol/
mol based on the following formula: HbA1cNGSP [%]
= 0,09148 * HbA1cIFCC [mmol/mol] + 2,152 [20]. We
used the American Diabetes Association (ADA) cut-offs
to categorize participants as pre- or diabetic (HbAlc >
39 mmol/mol )[21]. Risk scores were calculated based on
anthropometric measurements and data on health status
obtained from questionnaires.

The variables to include in the risk score were selected
from previous publications where diabetes risk scores
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have been developed [13, 17, 22]. The variables included
gender, age, BMI, waist circumference (WC), history of
medication for high blood pressure, physical activity
(PA), daily intake of fruits and vegetables, and diabetes
in a first-degree relative. For level of physical activity, the
International Physical Activity Questionnaire (IPAQ) was
used. Participants were asked how many of the preced-
ing seven days they had been physically active, and how
many hours and minutes they had been physically active
on each occasion. The same questions were repeated for
activity of rigorous, moderate, and low intensity, and
summed up for total time of physical activity (PA) Intake
of fruits and vegetables was assessed by asking, “Do you
eat vegetables or fruit every day?” where potatoes and
fruit juice were excluded. To assess the final variables,
participants were asked, “Have you ever taken medica-
tion for high blood pressure on a regular basis?” And
finally, “Have any of your family members been diag-
nosed with type 1 or type 2 diabetes?”

There are a few differences between the FINDRISC
variables and the variables tested in this study. Age was
categorized into three groups (< 45, > 45 and < 60 and
> 60 years) due to few participants in some groups, as
compared to four groups in FINDRISC (where the age
span 45-60 is categorized as two separate groups). Ber-
ries were excluded from the “How often do you eat fruits,
vegetables, and berries” variable because consumption of
berries in the camps is rare. Finally, we could not deter-
mine whether diabetes had been diagnosed in first- or
second-degree relatives in our sample, so we only asked
about first-degree relatives such as parent, sibling, or
child, while FINDRISC also includes information on sec-
ond-degree relatives.

Statistics

Statistical analysis was performed using Statistical Pack-
age for the Social Sciences (SPSS) version 26 (SPSS Inc.,
Chicago, IL, USA). Participants who were already diag-
nosed with prediabetes or T2D (1 = 22), were anaemic,
or were using iron supplements or anti-psychotic medi-
cations (n = 24), potentially influencing HbAlc levels,
were excluded from analysis. Continuous variables were
presented as medians and minimum and maximum val-
ues since they were not normally distributed. Differences
between groups were assessed by the Mann-Whitney U
test for continuous variables and Pearson’s Chi square
test if variables were categorical. Associations between
risk factors and pre-T2D and T2D were assessed by logis-
tic regression. First, bivariate analysis was performed for
each predictor and the outcome (HbAlc > 39 mmol/mol;
5,7%). All variables were re-entered, and backwards mul-
tiple logistic regression with a significance level of 0.05
was used to arrive at the final multivariable model.
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The final multivariable model was internally validated
by bootstrapping using 1000 bootstrap samples to assess
overfitting (i.e. better model performance in the devel-
opment sample than in new samples with other sub-
jects) [23], providing shrinkage factors for adjusting
regression coefficients and adjusted model intercepts
for use in prediction formulas, and to assess optimism-
corrected model performance measures [24]. Internal
validation was conducted using the R package rms [25]
and Stata version 17 (StataCorp LLC, College Station,
TX). Adjusted coefficients after shrinkage are presented.
We assessed the model performance in terms of the
R-squared (R?) for logistic regression, C-statistics (area
under the receiver operating characteristic curve), cali-
bration slope (where 1.00 is ideal and estimates below
1.00 indicate overfitting), and calibration-in-the-large
(where 0 is ideal and estimates below 0 indicate that
predicted probabilities are higher than the observed
proportions). The model performance was estimated
as apparent (estimated directly from a dataset that was
used to develop the prediction model), training (aver-
age performance in each of the bootstrap samples with
replacement), test (average estimate determined by the
developing model in each bootstrap sample, and applying
the bootstrap model in the original sample), optimism
(the average difference between the model performance
in bootstrap data and test performance in the original
dataset), and optimism corrected (subtracting average
optimism from apparent performance). The apparent and
optimism-corrected estimates are reported. A calibration
plot for the apparent performance of the Saharawi diabe-
tes risk score was developed using PMCALPLOT in Stata
[26].

The risk score was further calculated by adding a
score for each regression coefficient, which showed a
significant association with the outcome, using Schnee-
weiss’s scoring system. In this scoring system, weights
are increased by 1 for every 0.3 increase in the p. Values
below 0.15 get the weight 0 while values between 0.15
and 0.45 get the weight 1, 0.45-0.75 the weight 2, 0.75 and
1.05 the weight 3, 1.05 and 1.35 the weight 4, 1.35 and
1.65 the weight 5, 1.65 and 1.95 the weight 6 and finally
1.95 and 2.25 the weight 7 [27]. The sum of these scores
was then analysed against the outcome in AUROC analy-
sis to assess the performance of the simplified score. The
Youden Index (the point on the ROC curve farthest from
the diagonal line) [28] was used to determine the optimal
cut-off. This cut-off and cross-tab analysis were finally
used to calculate sensitivity, specificity, and positive and
negative predictive values for the simplified risk score.
AUROC and cross-tab analysis based on the optimal cut-
off were also performed for FINDRISC with prediabetes
or T2D as outcome. The risk score calculated from the
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corrected estimates performed virtually identically to the
original risk score; thus, results based on the originally
developed score are presented.

Results

Characteristics of the study population for non-cases
and cases are presented in Table 1. The prevalence of
prediabetes or T2D in the sample was 14%. Median

Table 1 Background variables (n = 308)
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(min, max) BMI was 23.3 (15.7, 42.7) among non-cases
and 29.5 (18.1, 47.8) among cases (p < 0.001), while cor-
responding numbers for WC were 89.0 (60.9, 130.0) and
100.0 (80.0, 118.0) (p < 0.001) for women and 78.0 (62.5,
117.0) and 94 (57.6, 112.0; p 0.01) for men, respectively.
Associations between risk factors and undiagnosed
prediabetes or T2D are presented in Table 2. Variables
significantly associated with increased risk of prediabetes

Non-cases: (HbA1_< 39 mmol/mol) Cases (HbA1, > 39 mmol/mol)  P-value
(n = 266) (n=42)
HbA1_ (mmol/mol), median (min, max) 344 (23.5,38.8) 42.1(39.9,118.6) <0.001°
Men, n (%) 142 (90.4) 15 (9.6)
Women, n (%) 124(82.1) 27.(179) 003°
Age, median (min, max) 35 (18, 90) 52(18,76) <0.001°2
Age groups

<45 years, n (%) 174 (65.4) 13(31.0)

> 45 and < 60 years, n (%) 46 (17.3) 16 (38.1)

> 60, n (%) 46 (17.3) 13(31.0) <0.001°

Married, n (%) 144 (54.1) 29 (69.0) 0.07°
Educational level

None, n (%) 71(26.7) 21 (50.0)

< 6" grade, n (%) 58(21.8) 11(26.2)

7-9" grade, n (%) 83(31.2) 3(7.1)

10-12 grade, n (%) 41(15.2) 5(11.9)

Higher education 13 (4.9) 2(48) <001°

Currently working, n (%) 170 (63.9) 30(714) 034

BMI€, median (min, max) 233(15.7,42.7) 29.5(18.1,47.8) <0.001°
BMI categories

Lower than 25 kg/mz, n (%) 160 (63.5) 7017.0)

25-30 kg/m?, n (%) 57 (21.4) 16 (39.0)

Higher than 30 kg/mz, n (%) 40 (15.0) 18 (43.9) <0.001P
Waist circumference, median (min, max)

Women 89.0 (60.9, 130.0) 100.0 (80.0, 118.0) <0.001

Men 78.0(62.5,117.0) 94 (57.6,112.0) 0.01
Waist circumference categories®

W: <80 cm or M: < 94 cm, n (%) 158 (59.4) 6(14.3)

W: <88 cmor M: <102 .cm, n (%) 40 (15.0) 8(19.0)

W: > 88 cm or M: > 102 cm, n (%) 68 (25.6) 28 (66.7) <0.001°P
PA® > 30 minutes per day, n (%) 129 (48.7) 15 (37.5) 0.18P
Daily consumption of FVf, n (%) 91(34.2) 13(310) 0.70°
Medication for high blood pressure, n (%) 23 (8.6) 4(9.5) 091b
First degree relativeddiagnosed with diabetes, n (%) 44 (16.8) 11(26.2) 0.14°

? Mann-Whitney test for difference between medians

b Chi square or Fischer exact test

€ BMI: Body mass index

9 Waist circumference categories proposed by WHO [19], W: Women; M: Men
€ PA: Physical activity at any level of intensity

f FV: Fruits and vegetables

9 Parent, sibling, or child
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Table 2 Associations between diabetes risk factors and undiagnosed pre-or type 2 diabetes (HbA1_ > 39 mmol/mol), Saharawi
refugee camps Algeria, 2014; from logisitic regressions (n = 301 in adjusted analysis)

Bivariate model Adjusted model® Regression Score® Regression Score®
coefficient (B) coefficient
after
shrinkage
(B)*
OR (95% Cl) OR (95% Cl)
Intercept -4.16 -3.76
Gender (female as reference) 0.49 (0.25, 0.95)
Age (vs.< 45 years)
> 45 and < 60 years 4.66 (2.09,10.37) 3.62(1.51,8.68) 1.29 4 1.10
> 60 378 (1.64,8.72) 3.60 (1.45,891) 1.28 4 1.10
BMIC (vs. < 25 kg/m?
> 25 and < 30 kg/m? 6.78 (2.65,17.31) 4.08(1.40,11.85) 141 5 1.21
> 30 kg/m2 10.86 (4.25,27.73) 3.74(1.12,12.55) 132 4 113
wcd (vs. F: < 80 cm/M: < 94 cm)
F:>80and < 88 cm/M: > 94 and < 102 cm 5.27(1.73,16.04) 2.31(0.65,8.12) 0.84 3 0.72 2
F: > 88/M:> 102 10.84 (4.29,27.38) 3.57(1.08,11.77) 127 4 1.09

Physical activity (vs. none)
At least 30 min per day 0.63(0.32,1.25)

Intake of fruits and vegetables (vs. no)

0.83 (041, 1.66)

0.99(0.97, 1.02)

1.76 (0.82,3.76)

At least once per day
Blood pressure medication (vs. no)
Diabetes in first-degree relative (vs. no)

@ Adjusted model created by backward elimination (starting with all variables tested in bivariate models), variables significantly associated with undiagnosed

prediabetes or T2D were kept in the model.

b Based on Schneeweiss's scoring system [27] (Schneeweiss, 2003 #258)
¢ Calculated from internal validation using Bootstrap analysis

4 Body mass index

€ Waist circumference

or T2D in bivariate models were female gender, increas-
ing age, higher BMI, and higher WC, while physical activ-
ity, intake of fruits and vegetables, use of blood pressure
medication, and diabetes in first-degree relative were not
significantly associated with the outcome (HbAlc > 39
mmol/mol).

The optimism corrected R? after Bootstrap analysis was
0.23 (compared to 0.28 in the original model), the cali-
bration slope was 0.86, calibration-in-the-large was -0.17,

and the C-statistics was 0.80 (compared to 0.82 in the
original model).

The diagnostic accuracy of the Saharawi diabetes risk
score compared to the FINDRISC score is presented in
Table 3. Sensitivity, reflecting true positive cases, was
87.8% with the Saharawi diabetes risk score and 72.5%
with FINDRISC. Corresponding numbers for specificity
(true negative cases) were 65 and 74%. The AUROC (C.I)
was 0.817 (0.756, 0.879) and 0.808 (0.745, 0.870) for the

Table 3 Comparison of performance of the Saharawi diabetes risk score and FINDRISC (n = 307)

Saharawi diabetes risk score

FINDRISC

Area under the ROC curve, AUC (Cll)

Empirical cut-off 8

Sensitivity, % 87.8
Specificity, % 65.0
Positive predictive value, % 279

Negative predictive value, % 97.2

0.817 (0.756,0.879)

0.808 (0.745, 0.870)
9

72.5

74.0

309

94.4
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Fig. 1 Area Under the ROC curve. Comparison of Area Under the ROC curve (AUROC) for the Saharawi diabetes risk score and FINDRISC
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Saharawi diabetes risk score and FINDRISC, respectively
(Fig. 1). The calibration plot of prediction model perfor-
mance using a random selected bootstrapped sample is
presented in Fig. 2.

The distribution of cases and non-cases at different
levels of the Saharawi diabetes risk score is presented
in Table 4. The sum of ranks was significantly different
between cases and non-cases for both women and men
(p < 0.001). Most cases, both among women (96%) and
men (80%), had a Saharawi diabetes risk score above 7
(out of a maximum score of 13).

Discussion

In resource-constrained settings, a simplified risk score
for prediabetes or T2D may be a useful screening tool to
decide who should receive lifestyle advice to prevent the
progression of the disease and who should be referred to
blood sample analysis. Preferably, the tool should be so
simple that it can be applied by the general population
[29] and should not include any lab analysis [8, 13]. Previ-
ous studies indicate that the performance of risk scores
may be low when there is heterogeneity of characteristics
between settings [30]. The Saharawi refugee camps pro-
vide a setting unlike most others, where the population
has limited opportunities for PA [10] and is dependent
on food aid. A risk score adapted to this population is
therefore an important contribution to improving pub-
lic health in the population. The simplified Saharawi dia-
betes risk score developed in this study, including only
age, BMI, and WC, showed good predictive ability with
particularly high sensitivity and high negative predictive
value, both slightly higher than FINDRISC. Meanwhile,
the outcome in our study included prediabetes which

differs from the outcome for which FINDRISC was origi-
nally developed. This likely had an influence on the per-
formance of FINDRISC.

The risk factors most strongly associated with dia-
betes in our study were age, BMI, and WC, which are
commonly found to be associated with risk of diabetes
in various settings [2, 17, 22]. Fewer risk factors were
included in our multivariable model compared to numer-
ous other risk scores developed [2, 13, 15], possibly due
to too few cases and moderate statistical power in our
study. The model also showed some overfitting after
internal validation with a mean calibration slope of 0.86
and calibration-in-the-large of -0.17. This is likely due to
moderate statistical power compared to the number of
variables investigated. Interestingly, the odds of diabetes
did not seem to increase from the middle to the oldest
age group (> 60 years). This contradicts findings from
studies in high-income countries [22] and Oman [13]
but corresponds to results from the DETECT-2 project,
where it was found that in India and Africa, the odds of
diabetes were lower in those > 59 than in younger age
groups [31]. At the same time, the group with a BMI
25-30 had nearly similar odds of diabetes in the adjusted
model as those with a BMI > 30. This might be due to
an interaction with age in which older individuals may
be less prone to a Westernized diet and subsequent risk
of becoming overweight or obese. On the other hand,
dietary intake and physical activity level appeared not to
impact the risk of diabetes, and it has been proposed that
the performance of diabetes risk scores would be equally
sound if questions about diet and physical activity were
excluded [32]. To this end, a systematic review found that
the performance of various scores to detect undiagnosed
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Fig. 2 Calibration plot of prediction model performance. Calibration
plot of prediction model performance using a random selected
bootstrapped sample with the 8 different percentiles of predicted
probabilities. The reference line indicates a perfect relationship
between predicted and actual probabilities and the fitted curve using
the lowess method shows the observed relationship. C-statistics is
the area under the receiver operating characteristics curve

T2D did not differ by the number of variables included
[33].

The AUC for the Saharawi diabetes risk score was
similar to [15, 16] or slightly higher [13] than risk scores
developed in other MENA countries. A meta-analysis
comparing the performance of diabetes risk scores found
that self-developed risk scores usually perform better
than the validation of existing risk scores in new popula-
tions [2]. Consequently, the AUC for FINDRISC in our
population was also higher than what has been found in
Saudi Arabia, the United Arab Emirates [17], and Alge-
ria [17, 34]. The relatively high AUC found in this study,
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both for the Saharawi diabetes risk score and FINDRISC,
may indicate that the Saharawi population has a clear risk
profile with regard to prediabetes or T2D. Life in the ref-
ugee camps offers less variation in living conditions (i.e.
food intake, PA) than most other settings. Apart from
risk factors based on anthropometry, there were few sig-
nificant differences between cases and non-cases, which
might explain the similar performance of the simplified
risk score and FINDRISC. On the one hand, this might
be due to moderate statistical power. On the other hand,
fieldworkers did not have access to medical records, and
all other variables were based on self-report increas-
ing the risk of recall bias. Applying the European cut-
offs for BMI and WC could potentially have weakened
associations since, for instance, WC cut-offs for health
risk among men [19], and BMI cut-offs for both genders
[34] are known to differ between population groups. It
is thus probable that applying cut-offs validated for the
group studied could improve the predictive power of risk
scores, including ours, even further.

Sensitivity for the Sahrawi diabetes risk score was
high and slightly higher than for FINDRISC. The mini-
mization of missing cases is desirable, especially when
the screening test is simple and inexpensive [34] as in
our study. Further, the negative predictive value was
very high. This indicates that the test performs fine in
excluding those without a need for further blood tests,
which is a great advantage when resources are limited.
At the same time, the positive predictive value was low,
which has also been seen in other studies [13]. This is
commonly found when the prevalence of the outcome
is low, which might have been the case here. The low
prevalence of pre-diabetes despite a high prevalence
of overweight and obesity in this study merits atten-
tion, and recent reports seem to suggest that the use of
HbAlc may underestimate diabetes risk in non-West-
ern population groups [35, 36]. Finally, in a systematic
review of the performance of 31 diabetes risk forms,
FINDRISC had the highest combination of sensitivity
(81%) and specificity (76%) [33], comparable to what
was found both for the Saharawi diabetes risk score and
FINDRISC in this study.

The main strengths of the study are a randomly
selected sample covering a large age span, the fact that

Table 4 Distribution of cases and non-cases for women and men at different levels of the Saharawi diabetes risk score (n = 308)

Saharawi diabetes risk score Cases women Non-cases women Cases men Non-cases men
N=26 N=124 N=15 N =142

0-2,n (%) 0(5) 31 (25.0) 1(6.7) 74 (52.1)

3-6,n (%) 1(3.8) 19(15.3) (13.3) 39(27.5)

7-10, n (%) 10 (38.5) 52 (41.9) 6 (40.0) 18(12.7)
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participants were interviewed, a high response rate,
and inclusion of Saharawi men, since most previous
health surveys in the camps have focused on women
and children [11]. The main weakness is the moderate
sample size with few cases included, which may lead to
unstable effect estimates as indicated by signs of over-
fitting after internal validation with bootstrapping. An
overfitted statistical model may limit its generalizability
outside the original dataset The Saharawi refugees, for
the most part, live under reasonably similar conditions,
and although the sample likely is representative of the
population investigated, the findings probably have lim-
ited generalizability outside of the camps. Further, the
data were cross-sectional in nature, identifying preva-
lent cases with prediabetes or T2D instead of incident
cases or individuals at risk, which is the main purpose
of a risk score. However, it is unlikely that risk factors
for prediction of prevalent and incident cases differ
to any significant degree [29]. In addition to iron defi-
ciency, HbA1l_ may be influenced by both genetic and
medical conditions for which this study did not provide
any data. Finally, categorization of risk factors included
in the risk score simplifies it’s use [8], but neglects the
great variation in risk within the different categories
of anthropometry, and so slightly different association
could have been found if continuous variables had been
used.

In conclusion, we found that a simplified risk score
consisting of age, BMI, and WC performed well to iden-
tify prevalent prediabetes or T2D among Saharawi refu-
gees. The Saharawi diabetes risk score performed slightly
better than FINDRISC, and based on simplicity, should
be the preferred choice for early diabetes screening.
Meanwhile, the inclusion of anthropometric measures
requiring stadiometer, scale, and measuring tape makes
its use more feasible for health care workers than for the
general population. Although the score performed simi-
larly to scores developed in other MENA settings, its
discriminatory ability should ideally be validated in new
larger datasets from the Saharawi population.
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