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Abstract

increased to 77 % (95 % Cl 71 %-82 %).

Background: Most of the commonly used diabetes mellitus screening tools and risk scores have been developed
with American or European populations in mind. Their applicability, therefore, to low and middle-income countries
remains unquantified. Simultaneously, low and middle-income countries including Mongolia are currently
witnessing rising diabetes prevalence. This research aims to develop and validate a diabetes risk score for the
screening of undiagnosed type 2 diabetes mellitus in the Mongolian adult population.

Methods: Blood glucose measurements from 1018 Mongolians, as well as information on demography and risk
factors prevalence was drawn from 2009 STEPS data. Existing risk scores were applied, measuring sensitivity using
area under ROC-curves. Logistic regression models were used to identify additional independent predictors for
undiagnosed diabetes. Finally, a new risk score was developed and Hosmer-Lemeshow tests were used to evaluate
the agreement between the observed and predicted prevalence.

Results: The performance of existing risk scores to identify undiagnosed diabetes was moderate; with the area
under ROC curves between 61-64 %. In addition to well-established risk factors, three new independent predictors
for undiagnosed diabetes were identified. Incorporating these into a new risk score, the area under ROC curves

Conclusions: Existing Furopean or American diabetes risk tools cannot be adopted in Asian countries without prior
validation in the specific population. With this in mind, a low-cost, reliable screening tool for undiagnosed diabetes was
developed and internally validated for Mongolians. The potential for cost and morbidity savings could be significant.
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Background

Type 2 diabetes (T2D) is a common disease, and it’s
prevalence has been increasing around the world [1].
Around half of all individuals with T2D are undiagnosed
[2, 3]. The disease is characterized by a long asymptom-
atic preclinical stage with disturbances in glucose metab-
olism, such as impaired fasting glucose (IFG) and
impaired glucose tolerance (IGT). Further, these stages
are often associated with the metabolic syndrome as well
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as other risk factors for vascular diseases, and they are
associated with development of micro- and macrovascu-
lar complications in the course of the disease [4, 5].
Sometimes even before the clinical diagnosis of diabetes
[6]. Thus, undiagnosed diabetes and disturbances in glu-
cose metabolism in general are associated with increased
risk of death, by as much three times [7-9].

Early detection of T2D is likely to be beneficial from
the point of view of the individual, as early management
of the disease, its related comorbidities and their risk
factors might lead to benefits such as reduced morbidities
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and improved quality of life [10, 11-13]. These benefits
might in turn translate to benefits to the society at large,
in terms of reduced social and economic burden [14, 15].

Several T2D risk scores have been developed world-
wide in order to improve early detection. These risk
scores have been developed in both the prospective set-
ting to identify people who are at increased risk of devel-
oping diabetes in the future [16-20], as well as in the
cross-sectional setting to identify people with undiag-
nosed diabetes [21-27, 28-30]. However, before adopt-
ing existing risk scores as screening tools in different
populations and in different ethnic groups, their per-
formance should be evaluated and validated in the
local setting [31].

Mongolia is a central Asian country, bordered by the
Russian Federation to the north and the People’s Republic
of China to the south. It had a total population of about
2.9 million in 2010, of which some 62 % lived in the urban
area mainly in capital city Ulaanbaatar whereas the rest re-
sides in the large rural territory [32]. The life-expectancy
at birth was 63.2 years for men and 71.2 years for women
in 2011. In a population-based health survey in 1999, the
total prevalence of type 2 diabetes was around 3 % when
standardized with the global population [33]. Of all per-
sons with diabetes in the survey, approximately two-thirds
were unaware of their condition, and one-half of those
with previously diagnosed diabetes were not treated for
the condition in any way [34, 33].

In this study, we developed and validated a modified risk
score for screening of undiagnosed T2D in the cross-
sectional setting, specifically for the Mongolian population.

Methods

Study population

National representative, cross-sectional survey on the
Prevalence of Noncommunicable Disease Risk Factors
was conducted in Mongolia in 2009 using a WHO
STEPwise approach to chronic disease risk factor sur-
veillance. Details of the study protocol have been pub-
lished elsewhere [35]. A total of 5438 randomly selected
individuals aged 15-64 year-old in both sexes were re-
cruited in the survey. The survey collected information
on the risk factors through questionnaire interview,
physical measurement and laboratory analysis. According
to the study protocol every third person aged 25-64 was
selected randomly for the laboratory analysis part of the
survey. The sub study was completed with 1470 individuals
(out of 1812 individuals assigned) aged 25-64 who had
complete information on capillary fasting glucose.

The present analysis included information of the indi-
viduals (N =1027) in the age group 35-64 years. The
analysis excluded 4 subjects reported to have taken
medication in the morning of the study. So, the analysis
was conducted in 1023 subjects, however the number
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further minimized in 1018 with missing values of essen-
tial predictor variables. Thus, the total sample size in the
present analyses is 627 women and 391 men.

Anthropometric measurements

Body weight, height, and waist circumference were
measured in all survey participants. Body weight was
measured in kilograms with electronic scales “GIMA”,
which is a bioimpedance device capable measuring body
weight, body fat percent, and water, muscle and bone
mass. Body height was measured in centimeters using
“Somatometre-Stanley 04-116” device, which has the
capacity to measure height up to 2 meters with a preci-
sion of a millimeter difference. Body mass index (BMI)
was calculated.

Waist circumference was measured with “GIMA waist
meter”, a non-stretchy tape with precision of one milli-
meter. Waist circumference was measured by placing the
tape around bare abdomen just above upper hip bone.

Measurement of glucose and definition of diabetes
Concentrations of glucose were measured in peripheral
(capillary) blood with dry chemical reagent strips using
Accutrend GCT (Glucose, Cholesterol, Triglycerides)
equipment. The required fasting time was 12 hours.
Individuals with blood glucose levels >6.1 mmol/l
who were not already on medication for diabetes
were defined as having undiagnosed type 2 diabetes
(T2D) [36].

Measurement of blood pressure

Blood pressure was measured three times on the right
arm of the survey participant in sitting position using
OMRON Model M5 automatic blood pressure monitor.
Mean of three measurements was taken for analysis of
blood pressure. Hypertension was defined as systolic blood
pressure 2140 mmHg, or diastolic blood pressure =90
mmHg, or on medication for high blood pressure [35].

Assessment of lifestyle factors and medication by
questionnaires

Information on medication, history of elevated glucose,
smoking habits, physical activity and nutrition were
collected with detailed questionnaires, which the study
participants answered in a survey interview conducted
by trained interviewers.

History of elevated glucose was assigned if a partici-
pant’s blood glucose had been measured in the past and
a healthcare worker had informed the participant of an
elevated finding. In addition, those reporting that they
were currently on either insulin therapy or medication
for diabetes, or both were defined as individuals with di-
agnosed, drug-treated diabetes and they were excluded
from the present analyses.
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Individuals were categorized as taking medication for
high blood pressure if they stated that a health care
worker had measured their blood pressure and that they
were informed as having elevated blood pressure and
they had taken medication for high blood pressure
during the past two weeks.

Information about both leisure time physical activity
and employment-related physical activity was collected.
Those who responded that they did vigorous or
moderate-intensity sports, fitness or recreational activ-
ities which resulted in increases in breathing or heart
rate lasting for at least 10 minutes continuously on at
least 5 days per week, were categorized as leisure time
physically active. Similarly, respondents were categorized
as being physically active at work if their employment
involved vigorous or moderate-intensity activities caus-
ing increases in breathing or heart rate lasting for at
least 10 minutes [35]. Sedentary behavior and smoking
status were also assessed through questioning.

Existing risk scores

Two existing diabetes risk scores were applicable to the
Mongolian STEPs-survey data and thus to be validated;
the Finnish Diabetes Risk Score FINDRISC [19], and the
Rotterdam Risk Score [26]. The risk scores have proven
internal and external validity [37] and acquire similar
characteristics of risk factors with the existing survey
participants in Mongolia.

Ethics

Ethical approval for the survey was obtained from the
Medical Ethical Committee in the Ministry of Health,
Mongolia. Participation in the survey was voluntary.
Participants of the survey were informed about the
procedures in the survey and consented. Results of the
laboratory analyses were informed to the respondent at
the field directly.

Statistical methods

Demographics and risk factor levels for individuals with
and without undiagnosed diabetes are presented as
means and standard deviations, or as proportions. Com-
parisons between the groups are done with unpaired
t-tests for continuous variables, and Fisher’s exact test
for proportions. For the existing risk scores, the validation
was ensured using sensitivity analysis based on area under
ROC-curves. This measures the discriminatory ability of
the scores.

Logistic regression models were used to identify add-
itional independent predictors for undiagnosed diabetes.
The final model was reached by fitting a model of all
variables significant in univariate analysis and refitting a
model with only the variables significant in the multi-
variate model. In addition to the area under ROC-
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curves, calibration plots with corresponding Hosmer-
Lemeshow tests for goodness of fit were used to evaluate
the agreement between observed and predicted preva-
lences. The coefficients of the final prediction model
were transformed to scores by scaling and rounding the
coefficients so that the totals score points would be 22.
As we did not have an external sample which could be
used for validation of the developed score, an internal
validation utilizing bootstrap sampling was conducted
[38]. From the original study population, 1000 random
samples with replacement were drawn, and the model
development process was repeated in each of them. The
resulting 1000 prediction models from these bootstrap
samples were then evaluated with the original study
sample data regarding discrimination and calibration.
This validation gives an estimate of possible overfitting
in the model development process. All analyses were
conducted with statistical software Stata v.10.1.

Results

Among the 1018 individuals with complete data on all
relevant variables, 59 (5.8 %, 35 men and 24 women)
were identified as having undiagnosed diabetes. In gen-
eral, they had worse risk factor profile as compared to
the individuals without diabetes, with exception for age
(Table 1). Measurements on body weight, waist circum-
ference and blood pressure, as well as factors related to
physical activity, nutrition, medication for hypertension
and history of known elevation in glucose levels were
more common among those with undiagnosed diabetes.

Reflecting the more unfavorable risk factor distribution
among those with undiagnosed diabetes, both of the
existing risk scores, the FINDRISC and the Rotterdam
risk score, were higher among those with undiagnosed
diabetes (Table 1). However, the discriminatory power of
these scores was limited. The areas under the curves
were 61.0 (95 % CI: 54.7-68.3) for the FINDRISC, and
63.9 (95 % CI: 56.4-71.3) for the Rotterdam score.

In univariate logistic regression analyses, most of the
variables presented in Table 1 were statistically signifi-
cantly associated with undiagnosed diabetes (Table 2). In
multivariate logistic regression, sex, waist circumference,
hypertension or medication for high blood pressure, his-
tory of elevated glucose, leisure time physical activity and
sitting time 6 hours or more during day were all inde-
pendently associated with undiagnosed diabetes (Table 2).
The area under ROC curve for this model was 76.1 (95 %
CI 70.1-82.1), indicating marked improvement over the
existing risk scores’ performance.

Categorizing waist circumference into 2 groups
further refined the multivariate prediction model
(290 c¢m, and 280 c¢cm for men and women, respectively),
and the parameters were then re-estimated (Table 3). All
the variables in the model were still statistically significant,
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Table 1 Characteristics of participants with blood glucose measurement in the Mongolian STEPS 2009 survey. Men and women

aged 35-64 years by diabetes status

Without diabetes (N =959)

Undiagnosed diabetes (N =59)

Total population

Mean / % SD Mean / % SD Difference  p Mean/% SD n
Sex, men, % 37. 59.3 -222 0.001 384 1018
Age, years 46.3 8.1 476 7.7 =13 0222 464 8.1 1018
Body weight, kg 68.6 132 759 149 -73 <0.001  69.0 134 1018
Body height, kg 160.0 79 163.1 89 =31 0004 1602 80 1018
BMI, kg/m2 26.8 47 285 4.8 =17 0.007 269 4.7 1018
Waist circumference, cm 88.8 126 953 122 —6.5 <0.001 89.2 12.7 1018
Systolic blood pressure, mmHg 1339 23.1 144.1 256 -102 0.001 134.5 233 1018
Diastolic blood pressure, mmHg 854 136 92.0 13.1 —6.6 <0001 858 136 1018
Medication for hypertension, % yes  17.1 305 -134 0014 179 1018
Hypertension or medication, % yes  44.5 71.2 —26.7 <0.001 46.1 1018
History of elevated glucose, % yes 3.5 10.2 —6.6 0024 39 1018
Leisure time phys. act. daily, % no 603 79.7 -194 0003 614 1018
Phys. act. at work daily, % no 335 356 -2.1 0777 336 1018
Sitting time/day, hours 29 19 4.0 28 —1.1 <0001 29 20 1018
Sitting time 6h or more/day, % yes  16.0 356 -196 <0.001 171 1018
Fruits weekly, % no 54.8 67.8 -129 0892 556 1018
Vegetables weekly, % no 332 186 14.5 0.351 323 1018
Daily smoking, % yes 230 339 -109 0.081 237 1018
FINDRISC score (coefficients) 39 6.3 80 144 —4.1 <0001 4.1 7.1 1018
FINDRISC score (score points)b 58 36 74 40 -16 0.001 59 36 1018
Rotterdam score® M7 55 14.7 6.8 =29 <0.001 119 57 1018

2FINDRISC score: based on the original coefficients in the model. Variables included age, BMI, waist circumference, use of antihypertensive medication, history of
high blood glucose, physical activity, and daily consumption of vegetables, fruits or berries

PFINDRISC score: based on the transformed coefficients expressed as score points

“Rotterdam score: Variables included age, sex, use of antihypertensive medication and presence of obesity

and the discrimination was 76.2 (95 % CI: 70.2-82.2). Fi-
nally, the coefficients of the prediction model were trans-
formed into score points, so that the sum of the scores
would maximally be 22. The discrimination with this
score system was virtually unchanged. Sensitivities and
specificities for the original model with continuous vari-
ables and the final score are presented in Fig. 1 (left panel).

In addition to the discrimination of the prediction
model, also the agreement between the predicted preva-
lences based on the score points, to the actually ob-
served prevalences was good (Fig. 1, right panel). There
were no marked deviations from the identity line be-
tween observed and predicted prevalences, and the
Hosmer-Lemeshow test was non-significant (p = 0.44),
indicating adequate goodness-of-fit. Further, the agree-
ment between predicted and observed risk was equally
good in men and women (Hosmer-Lemeshow test p = 0.83
in men and p = 0.50 in women).

Sensitivities, specificities and predicted values for the
score are presented with different cut-off values in

Table 4. The cut-off point 9 on the score was identified
as mathematically most optimal in terms of sensitivity
and specificity. With this cut-off, 43.4 % of the study
population would have been identified as eligible for fur-
ther diagnostic testing, and 81.4 % of all individuals with
undiagnosed diabetes would have been consequently de-
tected. Increasing the cut-off value decreases the propor-
tion of study population to be included in diagnostic
testing markedly, and correspondingly specificity and
positive predictive values increases. However, this hap-
pens at the cost of a decrease in sensitivity.

The results from the internal validation with bootstrap
samples indicated that the area under ROC curve was re-
duced to 72.1 % when taking into consideration the uncer-
tainty in the model development process, as compared to
the observed 76.3 % in the original sample. Further, the
bias in absolute risk prediction for undiagnosed diabetes
was 1.7 %-units in the highest risk quartile (ie. it is
expected that in external samples, the risk prediction will
be 1.7 %-units higher than what actually will be observed).
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Table 2 Logistic regression models on prevalent undiagnosed type 2 diabetes in the Mongolian STEPS 2009 survey. 1018 men and
women aged 35-64 years, of whom 59 had undiagnosed diabetes. Regression coefficients, standard errors (SE) and odds ratios (OR)

with 95 % confidence intervals (Cl) are given

Univariate model

Multivariate model

B coefficient  SE Odds ratio 95 % Cl p B coefficient SE Odds ratio 95 % Cl p
Sex (men/women) 0.90 027 247 (145-422) 0001 0.74 028 210 (1.21-3.66)  0.009
Age, years 0.02 002 1.02 099-1.05) 0.188 - - - - -
Body weight, kg 0.04 001 104 1.02-1.05) 0000 - - - - -
Height, kg 0.05 002 105 1.01-1.09) 0007 - - - - -
BMI, kg/m? 0.07 002 107 1.02-1.12) 0004 - - - - -
Waist circumference, cm 0.04 001 104 1.02-1.06) 0.000 0.02 001 102 (1.00-1.05) 0016
Systolic blood pressure, mmHg 0.02 000 1.02 1.01-1.03) 0001 - - - - -
Diastolic blood pressure, mmHg 0.03 001 103 1.02-105) 0000 - - - - -
Medication for hypertension (yes/no) 0.76 030 213 1.19-3.80) 0011 - - - - -
Hypertension or medication (yes/no)  1.12 029 308 1.73-549) 0000 088 032 242 (1.30-4.50)  0.005
History of elevated glucose (yes/no) 1.12 047 3.08 124-766) 0016 1.14 047 313 (1.26-781) 0014
Leisure time phys. act. daily (no/yes)  0.95 033 258 1.35-493) 0004 0.79 034 220 (1.14-424) 0019
Phys. act. at work daily (no/yes) 0.09 028 1.10 0.63-190) 0738 - - - - -
Sitting time/day, hours 0.21 005 1.23 1.11-137) 0000 - - - - -
Sitting time 6h or more/day (yes/no)  1.07 029 291 1.66-5.10) 0.000 0.82 030 227 (1.27-4.07)  0.006
Fruits weekly (no/yes) -0.06 027 094 0.55-1.59) 0811 - - - - -
Vegetables weekly (no/yes) -0.50 044 061 026-143) 0255 - - - - -
Daily smoking (yes/no) 0.54 029 171 0.98-3.00) 0060 - - - - -
Area under ROC curve 76.1

95 % Cl (70.1-82.1)

Discussion hypertension, history of elevated glucose, and physical

In this population-based study with a random sample of
the Mongolian adult population, we identified independ-
ent predictors for undiagnosed T2D. In addition to the
well-established risk factors sex, waist circumference,
hypertension, and history of elevated glucose, also leis-
ure time physical activity and total time spent sitting
during daytime hours were identified as independent
predictors for undiagnosed diabetes mellitus. The dis-
crimination between those with and without undiag-
nosed diabetes was improved as compared to the
performance of existing risk scores. Further, the agree-
ment between predicted prevalences and those actually
observed in different categories of predicted risk was
good for both men and women. An internal validation
with bootstrap sampling indicated that the discrimin-
ation and calibration were reasonably good when taking
into account possible overfitting in the model develop-
ment process.

For reporting, a score was chosen rather than regres-
sion coefficients, making it an easy tool for counseling
practice of health practitioners as well as individuals
self-assessment. We identified that most of the established
risk factors for T2D, including sex, waist circumference,

activity, were also independent predictors of undiagnosed
T2D in this population. Physical activity was here defined
specifically as at leisure time, because physical activity at
work was not associated with diabetes. In addition, seden-
tary behavior was strongly associated with diabetes, and
therefore included in the score. In contrast to most other
studies, age was not associated with undiagnosed diabetes.
This is somewhat surprising as the ages in this study cov-
ered a wide range of ages from 35 to 64 years. Further,
BMI did not remain statistically significant predictor in
the multivariate model which included waist circumfer-
ence. This was the case also in the development of the
Chinese risk score [21], even though in European popula-
tions both waist circumference and BMI have been inde-
pendently associated with diabetes [19].

In the model development process applied in this
study, we started with two existing proven risk scores
and evaluated their performance in the Mongolian adult
population. For both risk scores included in the evaluation,
the Finnish FINDRISC score [19] and the Rotterdam study
score [26], the validation of discrimination indicated less
than adequate performance. There are several possible rea-
sons for this. The characteristics of the study populations
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Table 3 Final logistic regression model on prevalent undiagnosed type 2 diabetes with corresponding scores in the Mongolian
STEPS 2009 survey. Regression coefficients, odds ratios and 95 % confidence intervals (Cl) are given. 1018 men and women aged

35-64 years, of whom 59 had undiagnosed diabetes

B coefficient Odds ratio 95 % Cl Score

Intercept —5.223
Sex:

Women (reference) - - 0

Men 0.946 258 (1.48-4.49) 4
Waist circumference, cm:

Men <90/ Women <80 (reference) - - 0

Men 290/ Women 280 0.822 228 (1.16-4.46) 3
Hypertension or medication:

No (reference) - - 0

Yes 0919 251 (1.39-4.51) 4
History of elevated glucose:

No (reference) - - 0

Yes 1.108 3.03 (1.17-7.85) 5
Leisure time physical activity daily:

Yes (reference) - - 0

No 0.798 222 (1.15-4.28) 3
Sitting time 6h or more/day:

No (reference) - - 0
Yes 0.853 235 (1.30-4.25) 3
Score points range 0-22
Area under ROC curve 762 76.7

95 % Cl (702-82.2) (70.9-824)

Hypertension or medication: Systolic blood pressure >140 mmHg, or diastolic blood pressure >90 mmHg, or on medication for high blood pressure. History of
elevated glucose: healthcare worker informed of an elevated glucose finding in the past

Leisure time physical activity daily: Vigorous- or moderate-intensity sports, fitness or recreational activities which resulted in increases in breathing or heart rate
lasting for at least 10 minutes continuously on at least 5 days per week. Sitting time 6h or more/day: Based on question “How much time do you usually spend

sitting or reclining on a typical day?”

may differ so that the observed associations might be dif-
ferent, resulting in poor performance. For example, the
mean age of the study population in the Rotterdam study
was 67 years, as compared to 46 years in the present study.
Second, differences in case definitions might lead to differ-
ences in prediction accuracy. In the Finnish study, diabetes
was defined as approval for free-of-charge drug treatment
for diabetes, and in the Rotterdam study, oral glucose tol-
erance test was used for classification of diabetes. Finally,
the Finnish score was originally developed in a prospective
setting [19]. It has since then been validated several times
also in cross-sectional setting, but the performance
has in general always been lower as compared to pro-
spective analyses [39].

Several other diabetes risk scores have been developed,
both in prospective and cross-sectional settings [16—-27].
We were not able to evaluate their performance in de-
tail, as most of the existing scores use information re-
garding family history of diabetes, and this information
was not collected in the Mongolian STEP survey.

Additionally, information on behavioral risk factors such
as diet and physical activity were not included in the
most risk scores in Asian settings [21, 28-30]. It is gen-
erally accepted that genetic predisposition is important
for the development of diabetes [40], and the consistency
of information about family history as a factor in several
risk scores support that idea. Therefore, we would propose
a modification to the risk score presented in this paper
with future follow-up surveys.

Several other limitations of this study need to be con-
sidered. First, the sample size was relatively small
Therefore, we did not attempt to make prediction
models separately for men and women. However, the
calibration analysis indicated that the performance of
the model was accurate in both sexes. Second, we only
had measurements of blood glucose at fasting state. It is
likely that using oral glucose tolerance test we would
have detected more individuals with early disturbances
in glucose metabolism, and this in turn could have re-
sulted in a more sensitive screening tool. Taken together,
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Table 4 Sensitivity, specificity, positive predictive value, and negative predictive value for selected cut-off values of the modified risk
score in the Mongolian STEPS 2009 survey. 1018 men and women aged 35-64 years, of whom 59 had undiagnosed diabetes

Risk score cut-off point: Proportion of sample, % Sensitivity, % Specificity, % PPV, % NPV, %
20 100.0 100.0 0.0 58 -

23 97.2 100.0 29 6.0 100.0
24 82.1 96.6 188 6.8 98.9
25 773 96.6 239 7.2 99.1
26 771 96.6 24.1 7.3 99.1
27 63.9 94.9 380 86 99.2
238 457 83.1 56.6 10.5 98.2
29 434 814 589 109 98.1
210 413 780 61.0 1.0 97.8
=M 234 576 78.7 14.3 96.8
212 17.1 49.2 84.9 16.7 96.4
213 16.5 492 85.5 17.3 96.5
214 12.8 390 88.8 17.7 959
215 4.0 16.9 96.8 244 95.0
216 3.1 13.6 97.5 250 94.8
217 28 1.9 97.7 241 94.7
218 0.7 34 99.5 286 944

Sensitivity: Proportion who fulfill the cut-off criteria among those with undiagnosed diabetes
Specificity: Proportion who do not fulfill the cut-off criteria among those without undiagnosed diabetes

PPV: Positive predictive value: Proportion with undiagnosed diabetes among those who fulfill the cut-off criteria

NPV: Negative predictive value: Proportion without undiagnosed diabetes among those who do not fulfill the cut-off criteria
Cut-off point>9 most optimal according to the Youden-index



Dugee et al. BMC Public Health (2015) 15:938

it is possible that some independent predictors of un-
diagnosed diabetes were not identified with current ana-
lysis; most notably this might be the case for age and
BMI. We are hoping that our results could be further
validated and possibly updated in coming years with
another, independent health survey in Mongolia repre-
senting a larger sample.

Our analysis is conducted in a cross-sectional setting,
aiming to detect persons with already existing, but un-
diagnosed diabetes. For optimal primary prevention,
identification of people even earlier in the disease-course
of diabetes is necessary. With this purpose, the outcome
would have been changed to abnormal glucose so that
those at increased risk of diabetes in the future accord-
ing to their glucose levels can be identified as well. How-
ever, a prospective study with information on incidence
of diabetes would be needed from this specific popula-
tion in order to validate and develop tools to identify
those who are at risk for future onset of diabetes.

Conclusion

In conclusion, it is evident that through local adaptation
and validation of existing European or American-based
diabetes risk tools, sensitivity and potential screening effi-
cacy can be increased. This study demonstrates this
through the development of a simple, low-cost, yet reliable
risk assessment tool for people with undiagnosed
diabetes, developed and validated for the Mongolian
population. The result is a tool that could now be
used for more effective screening within primary
care, in a country and region where diabetes is be-
coming an increasing concern.

Competing interest
The authors declare that they have no competing interest.

Authors’ contributions

MP, PJ and OD drafted the manuscript and contributed to the concept, analysis
and interpretation of the data. MP, OD, OJ and PJ substantiated the manuscript
checking the intellectual content. EP, PN and MP provided final approval for the
manuscript. All authors read and approved the final manuscript.

Acknowledgements

We would like to express our gratitude to the MCA-Mongolia Health Project,
WHO in Geneva and in Mongolia, STEPS Coordinating Committee in the Ministry
of Health, Mongolia and the STEPS Technical Working group members
in the Public Health Institute, Mongolia. The authors also wish to
acknowledge the valuable comments and guidance of Dr. Cherian
Varghese in the WHO (WPRO).

Funding

No funding was obtained for carrying out the secondary analysis of STEPs
survey data used in this study and for writing this manuscript by any of the
authors.

Author details

"Public Health Institute, Ministry of Health, Ulaanbaatar, Mongolia.
2Department of Health, National Institute for Health and Welfare (THL),
Helsinki, Finland. *Department of Epidemiology, School of Health Sciences,
University of Tampere, Tampere, Finland.

Page 8 of 9

Received: 20 April 2014 Accepted: 17 September 2015
Published online: 22 September 2015

References

1. International Diabetes Federation. IDF Diabetes Atlas. 4th ed. Brussels:
International Diabetes Federation; 2009.

2. The DECODA Study Group. Age- and sex-specific prevalences of diabetes
and impaired glucose regulation in 13 European cohorts. Diabetes Care.
2003;26(1):61-9.

3. The DECODA Study Group. Age- and sex-specific prevalence of diabetes
and impaired glucose regulation in 11 Asian cohorts. Diabetes Care.
2003;26(6):1770-80.

4. Eastman RC, Cowie CC, Harris MI. Undiagnosed diabetes or impaired
glucose tolerance and cardiovascular risk. Diabetes Care. 1997,20:127-8.

5. The DECODE Study Group. Glucose tolerance and cardiovascular mortality:
comparison of fasting and 2-hour diagnostic criteria. Arch Intern Med.
2001;161:397-405.

6. Harris MI. Undiagnosed NIDDM: clinical and public health issues. Diabetes
Care. 1993;16:642-52.

7. The DECODE Study Group. Glucose tolerance and mortality: comparison of
WHO and American Diabetes Association diagnostic criteria. Lancet.
1999;354:617-21.

8. Nakagami T. Hyperglycaemia and mortality from all causes and from
cardiovascular disease in five populations of Asian origin. Diabetologia.
2004;47:385-94.

9. Nakagami T, Qiao Q, Tuomilehto J, Balkau B, Tajima N, Hu G, et al. Screen-
detected diabetes, hypertension and hypercholesterolemia as predictors of
cardiovascular mortality in five populations of Asian origin: the DECODA
study. Eur J Cardiovasc Prev Rehabil. 2006;13:555-61.

10.  Colagiuri S, Davies D. The value of early detection of type 2 diabetes. Curr
Opin Endocrinol Diabetes Obes. 2009;16:95-9.

11, Simmons RK, Echouffo-Tcheugui JB, Griffin SJ. Screening for type 2 diabetes:
an update of the evidence. Diabetes Obes Metab. 2010;12(10):838-44.

12. Ambady R, Chamukuttan S. Early diagnosis and prevention of diabetes in
developing countries. Rev Endocr Metab Disord. 2008;9:193-201.

13.  American Diabetes Association. Screening for Type 2 Diabetes. Diabetes
Care. 2004;27:115-4.

14. World Health Organization. Screening for type 2 diabetes. Report of a World
Health Organization and International Diabetes Federation meeting.
Geneva, 2003.

15.  Paulweber B, Valensi P, Lindstrom J, Lalic NM, Greaves CJ, McKee M, et al. A
European evidence-based guideline for the prevention of type 2 diabetes.
Horm Metab Res. 201042 Suppl 1:53-36.

16. Balkau B, Lange C, Fezeu L, Tichet J, de Lauzon-Guillain B, Czernichow S,
et al. Predicting diabetes: clinical, biological, and genetic approaches: data
from the Epidemiological Study on the Insulin Resistance Syndrome (DESIR).
Diabetes Care. 2008;31:2056-61.

17. Kanaya AM, Fyr CL, de Rekeneire N, Shorr RI, Schwartz AV, Goodpaster BH,
et al. Predicting the development of diabetes in older adults: the derivation
and validation of a prediction rule. Diabetes Care. 2005;28:404-8.

18. Schmidt MI, Duncan BB, Bang H, Pankow JS, Ballantyne CM, Golden SH,
et al. Identifying individuals at high risk for diabetes: The Atherosclerosis
Risk in Communities study. Diabetes Care. 2005;28:2013-8.

19.  Lindstrom J, Tuomilehto J. The Diabetes Risk Score: A practical tool to
predict type 2 diabetes risk. Diabetes Care. 2003;26:725-31.

20.  Stern MP, Williams K, Haffner SM. Identification of persons at high risk for
type 2 diabetes mellitus: do we need the oral glucose tolerance test? Ann
Intern Med. 2002;136:575-81.

21. Gao WG, Dong YH, Pang ZC, Nan HR, Wang SJ, Ren J, et al. A simple
Chinese risk score for undiagnosed diabetes. Diabet Med. 2010,27:274-81.

22. Rasmussen SS, Glumer C, Sandbaek A, Lauritzen T, Borch-Johnsen K.
Determinants of progression from impaired fasting glucose and
impaired glucose tolerance to diabetes in a high-risk screened
population: 3 year follow-up in the ADDITION study, Denmark.
Diabetologia. 2008;51:249-57.

23. Glumer C, Carstensen B, Sandbaek A, Lauritzen T, Jorgensen T, Borch-
Johnsen K. A Danish diabetes risk score for targeted screening: the Inter99
study. Diabetes Care. 2004;27:727-33.

24.  Park PJ, Griffin SJ, Sargeant L, Wareham NJ. The performance of a risk score
in predicting undiagnosed hyperglycemia. Diabetes Care. 2002;25:984-8.



Dugee et al. BMC Public Health (2015) 15:938

25.

26.

27.

28.

29.

30.

32,

33.

34.

35.

36.

37.

38.

39.

40.

Griffin SJ, Little PS, Hales CN, Kinmonth AL, Wareham NJ. Diabetes risk score:
towards earlier detection of type 2 diabetes in general practice. Diabetes
Metab Res Rev. 2000;16:164-71.

Baan CA, Ruige JB, Stolk RP, Witteman JC, Dekker JM, Heine RJ, et al.
Performance of a predictive model to identify undiagnosed diabetes in a
health care setting. Diabetes Care. 1999,22:213-9.

Herman WH, Smith PJ, Thompson TJ, Engelgau MM, Aubert RE. A new and
simple questionnaire to identify people at increased risk for undiagnosed
diabetes. Diabetes Care. 1995;18:382-7.

Aekplakorn W, Bunnag P, Woodward M, Sritara P, Cheepudomwit S,
Yamwong S, et al. A risk score for predicting incident diabetes in the Thai
population. Diabetes Care. 2006,29(8):1872-7.

Mohan V, Deepa R, Deepa M, Somannavar S, Datta M. A simplified Indian
Diabetes Risk Score for screening for undiagnosed diabetic subjects. J Assoc
Phys India. 2005;53:759-63.

Chien K, Cai T, Hsu H, Su T, Chang W, Chen M, et al. A prediction model for
type 2 diabetes risk among Chinese people. Diabetologia. 2009;52(3):443-50.
Glumer C, Vistisen D, Borch-Johnsen K, Colagiuri S. Risk scores for type 2
diabetes can be applied in some populations but not all. Diabetes Care.
2006;29:410-4.

National Statistical Office of Mongolia. Statistical Yearbook 2010.
Ulaanbataar; 2011

Suvd J, Gerel B, Otgooloi H, Purevsuren D, Zolzaya H, Roglic G, et al.
Glucose intolerance and associated factors in Mongolia: results of a national
survey. Diabet Med. 2002;19:502-8.

Bolormaa T, Natsagdorj TS, Tumurbat B, Bujin TS, Bulganchimeg B, Soyoltuya
B. Mongolia. Health System Review. Health Syst Transit. 2007;9:1-151.

World Health Organization. STEPwise approach to chronic disease risk factor
surveillance (STEPS). Geneva, WHO. Available online at: http://www.who.int/
chp/steps/riskfactor/en/index.html, accessed 7 (2010)

World Health Organization. Definition, diagnosis and classification of
diabetes mellitus and its complications. Report of a WHO Consultation, Part 1:
Diagnosis and classification of diabetes mellitus. World Health Organization, 1999
Noble D, Mathur R, Dent T, Meads C, Greenhalgh T. Risk models and scores
for type 2 diabetes: systematic review. BMJ. 2011;343:d7163.

Harrell Jr FE, Lee KL, Mark DB. Multivariable prognostic models: issues in
developing models, evaluating assumptions and adequacy, and measuring
and reducing errors. Stat Med. 1996;15:361-87.

Saaristo T, Peltonen M, Lindstrom J, Saarikoski L, Sundvall J, Eriksson JG,

et al. Cross-sectional evaluation of the Finnish Diabetes Risk Score: a tool to
identify undetected type 2 diabetes, abnormal glucose tolerance and
metabolic syndrome. Diab Vasc Dis Res. 2005;2:67-72.

Poulsen P, Kyvik KO, Vaag A, Beck-Nielsen H. Heritability of type Il (non-
insulin-dependent) diabetes mellitus and abnormal glucose tolerance-a
population-based twin study. Diabetologia. 1999;42:139-45.

Page 9 of 9

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J



http://www.who.int/chp/steps/riskfactor/en/index.html
http://www.who.int/chp/steps/riskfactor/en/index.html

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Anthropometric measurements
	Measurement of glucose and definition of diabetes
	Measurement of blood pressure
	Assessment of lifestyle factors and medication by questionnaires
	Existing risk scores
	Ethics
	Statistical methods

	Results
	Discussion
	Conclusion
	Competing interest
	Authors’ contributions
	Funding
	Author details
	References



