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Abstract

In the study “Praxistest Diabetes” (PraDi) we investigated the application of the
German Diabetes Risk Score (GDRS) and FINDRISK in health checkups in terms
of the predictive ability to identify undiagnosed prediabetes and diabetes. 403
men and women aged 35-70 years participated in the PraDi study. The predic-
tive ability of prediabetes/diabetes (fasting plasma glucose FPG = 5.6 mmol/L) or
diabetes (FPG = 7.0 mmol/L) was evaluated with discrimination (area under the
receiver-operating-characteristic curve [ROC-AUC]).

With regard to blood glucose tests, 93 participants had prediabetes/diabetes and
7 participants had undiagnosed diabetes. The ROC-AUC for the GDRS for iden-
tification of prediabetes/diabetes was 0.78 (95% confidence interval [95%-Cl]:
0.73-0.94) which was higher than observed for FINDRISK with 0.73 (95%-Cl:
0.68-0.79; p =0.029). The ROC-AUC for identification of diabetes was 0.83 (95%-
Cl: 0.73-0.94) for the GDRS and 0.80 (95%-Cl: 0.61-0.99) for FINDRISK (p =
0.67). In the context of health checkups, the GDRS showed a more precise identi-
fication of patients with prediabetes/diabetes or diabetes compared to FINDRISK.

Keywords: type 2 diabetes mellitus, riskscore, predictive accuracy of diabetes
risk tests, German Diabetes Risk Score, FINDRISK

Introduction

In the past years, a large amount
of prediction models was published
enabling the prediction of future
development of type 2 diabetes
based on known risk factors [1].
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are based on solely non-invasively
assessable risk factors [2] and
therefore, seem to be well suitable
for application in clinical practice.
However, until now implementa-
tion of such prediction models in
screening was limited [3]. For early
detection of type 2 diabetes in Ger-
many, the German Diabetes Asso-
ciation (DDG) already recommends
the application of non-invasive
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tests [4], but there might still be
some barriers for the use in clinical
practice.

For Germany, however, two tests
were developed which are also in-
creasingly applied by the general
population. This is on the one hand
the German Diabetes Risk Score
(GDRS) which was developed at the
German Institute of Human Nu-
trition (DIfE) and was validated in
various external populations [5],
and the FINDRISK (“find your risk”),
which is an adaptation of the Finn-
ish risk score (FINDRISK, Finnish Di-
abetes Risk Score) [7]. For both tests
simple questionnaire versions were
developed [6, 8] including modifi-
able lifestyle factors such as phys-
ical activity, diet, smoking behavior
or waist circumference as well as
non-modifiable risk factors such
as age, family history of diabetes
or prevalent hypertension. Detailed
information regarding the devel-
opment, calculation and validation
can be found in respective previous
studies [5-8].

With regard to application of the
GDRS [6] and FINDRISK [7], previ-
ous cross-sectional studies [9-12]
showed that both tests seem to be
valid for the identification of type 2
diabetes.

So far, a comparison of the both
prediction models when applied in
the context of health checkups is
lacking. In addition, both tests were
developed for the identification of
people at high risk for developing
type 2 diabetes and not for the ap-
plication in the screening context.



Besides, a high risk can already
mean that people are suffering from
prediabetes or diabetes. Therefore,
the aim of this study was to evalu-
ate the application of the GDRS and
FINDRISK in the context of health
checkups in terms of the identifica-
tion of undiagnosed prediabetes and
diabetes.

Methods
Study population

For the underlying investigation,
data from the “Praxistest Diabetes”
(PraDi) study was used. The PraDi
study is a cross-sectional study
which was performed in six gen-
eral practices in different districts of
Potsdam from June 2012 until July
2013. The target population con-
sisted of participants of a voluntary
health examination at their general
practitioner (GP) in the framework
of statutory primary prevention
(checkup-35). Overall, 700 ques-
tionnaires were distributed to the
general practices and 508 (72%)
were completed and could be used
for analyses. For this investigation,
participants outside the age range
of 35-70 years (n = 23), who had
prevalent known diabetes (n = 3) or
with missing information on fasting
blood glucose (FBG) or anthropo-
metric data (n = 56) or relevant data
for the calculation of the GDRS or
FINDRISK (n = 22) were excluded.
Finally, 403 participants remained
for analysis.

Participants were recruited by the
medical personnel in the general
practice while waiting for the health
checkup. Participants gave written
informed consent and filled in the
GDRS and an additional question-
naire including components for
calculation of the FINDRISK score
points. For both scores the cur-
rently available versions were used
which means that for the GDRS the
originally published version from
2007 was applied [5]. The GDRS is
based on the risk factors age, phys-

ical activity, hypertension, intake
of wholegrain-bread, red meat con-
sumption and coffee consumption,
smoking behavior, alcohol con-
sumption, body height and waist
circumference. FINDRISK includes
the risk factors age, diabetes in the
family, waist circumference, phys-
ical activity, intake of fruits, vege-
tables or wholegrain-bread, drug-
treated hypertension, ever increased
blood glucose and body mass index
(BMI). Each risk factor is presented
with response categories and al-
located points which are summed
up at the end of the test. Based on
the sum of score points an assign-
ment into risk categories is made.
Body weight and waist circumfer-
ence were measured in the practice
and assessed by the GPs in a sepa-
rate questionnaire. The GPs further
confirmed a potential prevalence of
diagnosed diabetes or of ever diag-
nosed hypertension.

The FBG values were based on lab-
oratory results and also filled in by
the GP in the same questionnaire.
For data entry and data manage-
ment the Research Electronic Data
Capture (RedCap) tool was used
[13].

The classification into prediabetes
and diabetes was based on FBG cut-
offs from the health checkup. With
regard to the definition proposed
by the DDG [14], participants were
classified into prediabetes or diabetes
(henceforth denoted as prediabetes/
diabetes) with a FBG = 5.6 mmol/L
and into diabetes with a FBG = 7.0
mmol/L. The definition based on
HbA,. or the 2h-value of the oral
glucose tolerance test was not inves-
tigated as these measurements are
no components of the checkup-35.

Statistical Analysis

Characteristics of the study popu-
lation were presented with descrip-
tive statistics. For normally distrib-
uted variables the arithmetic mean
and corresponding standard devi-
ation (SD) were calculated and for
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non-normal variables median and
interquartile range (IQR). Categor-
ical variables were described using
relative frequencies. The relation be-
tween score points of the GDRS and
FINDRISK with FBG measures was
evaluated by Spearman correlation
coefficients.

The predictive accuracy for the
GDRS and FINDRISK was evaluated
in terms of discrimination by use
of the receiver-operating-charac-
teristic curve (ROC) and compared
between the tests. This statistical
performance measure describes how
well the respective test distinguishes
between diseased and healthy in-
dividuals [15, 16]. The area under
the ROC curve (ROC-AUC) was de-
termined for each test and for both
prediabetes/diabetes and diabetes
as outcomes. For the comparison
of these ROC-AUCs the method
proposed by Hanley and McNeil
was applied [17] and the respective
p-value for this test was reported.
We performed a power calculation
for these comparisons [17] and sta-
tistical significance level was defined
as 0.05.

For existing risk categorizations of
the two tests, we determined sensi-
tivity, specificity, positive and neg-
ative predictive values for at least a
high risk which means = 40 score
points for the GDRS and = 12 score
points for FINDRISK. Additionally,
the optimal cut-off for each test
and each outcome was determined
by calculating the Youden Index
(YD) [18] for which sensitivity and
specificity reach maximum values at
maximum YT.

Statistical analyses were performed
with the software Statistical Analy-
sis System (SAS) Version 9.4, Enter-
prise Guide 6.1, (SAS Institute Inc.,
Cary, NC, USA).

Results

In PraDi 236 women and 167 men
of middle adult age participated
(¢ Table 1). The average waist cir-
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fasting blood glucose [mmol/L]

n (%)

age [Years] (SD)

height [cm] (SD)

weight [kg] (SD)

waist circumference [cm] (SD)

BMI [kg/m?] (SD)

fasting blood glucose [mmol/L] (IQR)
physical activity (5 hours/week at least)
hypertension ever

never smoked

ex-smoker

smoker

diabetes in family relationship

sum FINDRISK points (IQR)

sum DRT points (IQR)

236 (59) 167 (41)
49.0 (15.0)  48.0(15.0)
167 (9.0) 179 (9.0)
67.3(17.8)  83.0(18.0)
85.5(18.0)  95.0(14.0)
24.2(5.76)  25.5(4.71)
510(0.76)  5.12(0.69)
61.4 73.7

29.7 32.9

43.6 40.1

271 40.7

29.2 19.2

441 34.7

8.0 (7.0) 8.0 (7.0)
32.0 (18.5) 37.0(17.0)

Tab. 1: Characteristics of the study population “Praxistest Diabetes” (PraDi)
Continuous variables are presented as median or mean, respectively and
interquartile ranges or standard deviation, respevtively and categorical
variables as relative frequencies as percentages.

IQR = interquartile ranges, SD = standard deviation

18)
14)
for men. Women were on average

cumference was 85.5 cm (SD

for women and 95.0 cm (SD

normal weight with a mean BMI of
24.2 kg/m? while men were on aver-
age slightly overweight with a mean
BMI of 25.5 kg/m?. FBG was on av-
erage within the normal range for
both women (5.10 mmol/L; IQR =
0.76) and men (5.12 mmol/L; IQR =
0.69). Furthermore, participants
were more likely to be physically

active, not suffering from hyperten-
sion and to be non-smokers. Diabe-
tes in the family was prevalent for
44.1% of women and 34.7% of men.
With regard to diabetes risk, the aver-
age score points for the GDRS was 32
(IQR = 18.5) forwomen and 37 (IQR =
17) for men and for FINDRISK the
average score points were 8 for both
sexes (IQR = 7) (¢ Table 1) indicating
a low or still low diabetes risk when
allocated to the risk categories.

risk groups GDRS
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This picture was confirmed by clas-
sification of PraDi participants into
pre-defined risk categories (¢ Table 2).
With the GDRS 63.3% of the popula-
tion was allocated into the two lower
risk categories (“low” or “still low”)
while it was 76.7% (up to 11 points)
with FINDRISK. Within the middle
risk group 13.9% of the participants
were observed using FINDRISK (12—
14 points) while it was 21.8% using
the GDRS (“increased”) and in the
high or very high risk area with the
GDRS 14.9% and with FINDRISK 9.5%
of the participants. An agreement for
the risk classification using the two
risk tests was observed for 47.5% of
the participants; a higher risk classifi-
cation was observed for 35.8% of the
study population using the GDRS and
for 17.2% using FINDRISK.

For the distribution of FBG across
risk categories of the two scores, we
observed an increasing trend (¢ Fig-
ure 1). This was monotone for the
GDRS while for FINDRISK a sharp in-
crease in the highest risk group could
be observed. Score points of both
tests were positively correlated with
FBG (Spearman correlation: rgprsy =
0.41, renorsy = 0.32).

Based on the DDG classification,
310 of the participants had nor-
mal FBG (< 5.6 mmol/L), 93 had a
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Fig. 1: Boxplots of the distribution of fasting blood glucose in the risk groups of GDRS and FINDRISK
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n (%) < 7 points 7-11 points 12—14 points 15-20 points > 20 points total

Risk categories DRT

low 105( 26.1) 34 (8.4) 2(0.5) 0 (0.0) 0 (0.0) 141 (35.0)
(0—29 points)

still low 45 (11.2) 49 (12.2) 14 (3.5) 6 (1.5) 0 (0.0) 114 (28.3)
(30-39 points)

increased 4 (1.0) 48 (11.9) 24 (6.0) 12 (3.0) 0 (0.0) 88 (21.8)
(40-49 points)

high 1(0.2) 16 (4.0) 70.7) 1 (2.7) 1(0.2) 36 (8.9)
(50-59 points)

very high 0 (0.0) 70.7) 9(2.2) 70.7) 1(0.2) 24 (6.0)
(> 59 points)

total 155 (38.5) 154 (38.2) 56 (13.9) 36 (9.0) 2(0.5) 403 (100)

Tab. 2: Comparison of the risk classification of the “Praxistest Diabetes” (PraDi) population according to
German Diabetes Risk Score (GDRS) and FINDRISK

prediabetes/diabetes with a FBG of
5.6 mmol/L or higher and 7 partici-
pants a FBG value above the diabetic
cut-off (= 7 mmol/L) (¢ Table 3).

This classification was the basis for
the following ROC analysis for pre-
diction of prediabetes/diabetes (* Fig-
ure 2). ROC-AUC for the GDRS was
0.78 (95% confidence interval [95%-
CI]: 0.73-0.83) and for FINDRISK
0.73 (95%-CI: 0.68-0.79). This dif-
ference of ROC-AUC values was with
0.05 statistically significant (p =
0.0291) with a power of 98.8%.
ROC-AUC values for the prediction
of undiagnosed diabetes were 0.83
(95%-CI: 0.73-0.94) for the GDRS
and 0.80 (95%-CI: 0.61-0.99) for
FINDRISK. The difference of ROC-
AUCs was with 0.03 not statisti-
cally significant (p = 0.67) and the
power for this statistical test was
74.6% due to the low number of
cases.

For identification of prediabetes/di-
abetes based on risk categories, we
observed for at least elevated risk
(GDRS = 40 points, FINDRISK =
12 points) a sensitivity of 70% and
a specificity of 73% for the GDRS
(® Table 4); for FINDRISK a sensitiv-
ity of 41% and a specificity of 82%
was observed. For the identification
of undiagnosed diabetes the GDRS
yielded a sensitivity of 100% and a

specificity of 64% using the same
cut-off as before. Sensitivity and
specificity for FINDRISK for classifi-
cation of undiagnosed diabetes cases
was 71% and 78%, respectively.

The optimal cut-off for prediabetes/
diabetes identified by the YI was 38
points for GDRS and 8 points for
FINDRISK with sensitivity of 75%

GDRS

low 133 8
(0-29 points)

still low 94 20
(30-39 points)

increased 58 30
(40—49 points)

high 14 22
(50-59 points)

very high 11 13
(> 59 points)

FINDRISK

< 7 points 143 12
7-11 points m 43
12—14 points 36 20
15-20 points 20 16
> 20 points 0 2
total 310 93

(GDRS) and 80% (FINDRISK) and
specificity of 69% (GDRS) and 55%
(FINDRISK). For undiagnosed dia-
betes the optimal cut-off was 40
points for the GDRS and 13 points
for FINDRISK with a sensitivity of
100% (GDRS) and 71% (FINDRISK)
and specificity of 64% (GDRS) and
83% (FINDRISK).

141 0
114 0
85 3
33 3
23 1
154 1
153 1
54 2
34 2
1 1
396 7

Tab. 3: Classification of the “Praxistest Diabetes” (PraDi) population into
the risk categories of the German Diabetes Risk Score (GDRS) and
FINDRISK depending on the case status (healthy vs. prediabetes/

diabetes, healthy vs. diabetes)

FBG = fasting blood glucose
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DRT 70 73 44 89
(= 40 points)
FINDRISK 41 82 40 85

(= 12 points)

100 64 5 100

71 78 5 99

Tab. 4: Sensitivity, specificity, negative and positive predictive values of
German Diabetes Risk Score (GDRS) and FINDRISK at prediabetes/

diabetes und diabetes

NPV = negative predictive value; PPV = positive predictive value; Se = sensitivity;

Spe = specificity
Discussion

The investigation of the PraDi study
in the context of application of
the diabetes risk scores GDRS and
FINDRISK within the framework
of health checkups showed that the
5-year risk for developing type 2 di-
abetes was generally associated with
the measured fasting blood glucose.
This also yielded in a good predictive
performance for the identification of
undiagnosed prediabetes or diabetes.
In this regard, the predictive perfor-
mance of the GDRS was more pre-
cise when compared to FINDRISK,

albeit the difference for undiagnosed
diabetes was not significant.

Results of the PraDi study showed
that participants of health check-
ups have a more favorable diabetes
risk profile and therefore, more than
50% were allocated to the lower di-
abetes risk groups. A comparison
of risk categorization by the two
tests showed an agreement of al-
most 50%, however, nearly 40% of
the participants were classified into
a higher risk category by the GDRS
than classified by FINDRISK. In line
with this, also the proportion of
participants classified into at least el-

1,0 -
0,8
,é‘ 0,6
2
=
wv
g
“ 04 |
02 |
——ROC-AUC GDRS: 0.78 (95%-Cl: 0.73-0.83)
0.0 ——ROC-AUC FINDRISK: 0.73 (95%-Cl: 0.68—0.79)
0,0 0,2 0,4 0,6 0,8 1,0
specificity

Fig. 2: Receiver-operating-characteristic (ROC) curves and corresponding
areas under the curves for German Diabetes Risk Score (GDRS) and
FINDRISK to predict prediabetes/diabetes (fasting blood glucose >

5.6 mmol/L)
Cl = confidence interval
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evated risk was higher for the GDRS
(36.6%) than for FINDRISK (23.3%).
Consequently, the sensitivity of the
GDRS was considerably higher and
all diabetes cases were classified into
at least elevated risk with the GDRS.
For FINDRISK, sensitivity was only
78%. For the identification of pre-
diabetes/diabetes a similar picture
could be observed, meaning that
with FINDRISK a much higher pro-
portion of participants was allocated
into lower risk categories. Finally,
the ROC analysis resulted generally
in a more precise predictive perfor-
mance for the GDRS.

A direct comparison of the two tests
is so far lacking, however, in a pre-
vious study a similar association of
the GDRS with FBG was observed
in a subcohort of the EPIC-Potsdam
study in which also the predictive
performance for an impaired FBG
was similar with a ROC-AUC of
0.79 [19]. In the underlying inves-
tigation of the PraDi study, diabe-
tes cases were included in the pre-
diction, however this proportion is
negligible because only 7 diabetes
cases were observed and we assume
a limited impact on the overall pre-
dictive accuracy in the group of pre-
diabetes cases. For the prediction of
undiagnosed diabetes Schulze et al.
observed in a cross-sectional study
a predictive performance of 0.83
(Tubingen Family Study) and 0.75
(Metabolic Syndrome Berlin Pots-
dam) [5]; results from our study
are between these measures. Differ-
ences might be explained by the dif-
ferent populations and the different
settings. In German cross-sectional
studies, FINDRISK was also already
evaluated for the prediction of un-
diagnosed diabetes [11, 20]. Among
people with an adverse risk profile,
the predictive accuracy was 0.81
[20] and in a population-based ep-
idemiologic study the predictive
accuracy was 0.65 [11]; predictive
performance observed in the PraDi
study was thereby similar or higher.
The different predictive accuracy
might be surprising because many



risk factors of the two tests are sim-
ilar. However, FINDRISK addition-
ally includes information on fam-
ily history of diabetes which is a
strong risk factor and was included
in an updated version of the GDRS
[10, 21] but was not available at
the time the PraDi study was con-
ducted. Due to the improvement in
prediction of future diabetes risk we
would assume that the updated ver-
sion, consequently, would identify
undiagnosed prediabetes or diabetes
more precisely than the investigated
original version. For FINDRISK,
questions from the Finnish language
were translated, partly extended and
adapted to German habits [7] but in
contrast to the GDRS, it was so far
not validated for prediction of fu-
ture diabetes in a German prospec-
tive study. Still, it remains unclear
whether this might explain the dif-
ference in predictive accuracy when
compared to the GDRS.

Strengths and limitations

To our knowledge, this is the first
study investigating the predictive
accuracy for identification of un-
diagnosed prediabetes or diabetes
which directly compared the appli-
cation of the GDRS and FINDRISK
for use in the German context. The
results of this study might have an
important contribution to diabetes
prevention in Germany. Another
strength of this study is the applica-
tion in the setting of health checkups
in the general practice. From this, a
direct starting point for diabetes pre-
vention evolves. Indeed, the selected
general practices do not represent all
general practices in Germany but
this should not have influenced the
comparison between the GDRS and
FINDRISK.

A limitation of this study was the
low number of undiagnosed diabetes
cases. A statistical analysis based on
7 cases is limitedly valid and results
need to be interpreted with caution.
Due to this, we performed a power
calculation which described the va-

lidity of the comparison of ROC-
AUCs. Additionally, our results are
only appropriate for undiagnosed
prediabetes/diabetes, diagnosis based
on FBG. Conclusions are therefore
not transferrable to parameters such
as HbA;. or values from oral glucose
tolerance tests. Such investigations
would be restricted to patients with
at least elevated diabetes risk.

Impact of the results
and transportability

The identification of undiagnosed di-
abetes cases and high-risk patients
is of high importance for an early
therapeutic intervention. Health
examinations are an important in-
strument in this context currently
including in Germany the diagnosis
of a potential type 2 diabetes [22].
Based on the findings from this
study, stepwise screening scenarios
are possible in which the GDRS is
the preceding step of further diag-
nosis using FBG, HbA,. or oral glu-
cose tolerance tests as recommended
in the current DDG guidelines [23].
The latter two parameters, however,
were not investigated in this study.
Studies indicate that the acceptability
and participation for screening with
connected blood tests increase if the
risk was identified with a preceding
risk score [24]. Another advantage
of the combination of risk scores
with measurement of glucose pa-
rameters is the strong improvement
of prediction of future diabetes than
what is possible with the identifica-
tion of prediabetes using solely glu-
cose measures [1, 25].

In a recent study [26], no impact
on behavioral change was observed
when a risk score was applied, how-
ever, this cannot be achieved only
by application of risk scores. In this
study, the risk score did not include
modifiable lifestyle related risk fac-
tors which are directly related to
health recommendations. Risk scores
such as the GDRS, in contrast, in-
clude suggestions on modifiable risk
factors which cannot directly be de-

Copyright!
Reproduction and dissemination - also partial - applicable to all media only
with written p ion of Umschau Zeitschriftenverlag GmbH, Wiesbaden.

rived from glucose measurements.
Based on this, recommendations on
behavioral changes which follow the
risk score can directly be linked to
the obtained risk factors in the test.

Future research

On the basis of these study findings,
it would be interesting to evaluate
the application of the GDRS and a
stepwise screening approach with
different glucose parameters Ger-
manwide in a representative popula-
tion. Furthermore, the effectiveness
of such a screening might be inves-
tigated with subsequently following
interventions for high-risk individ-
uals and undiagnosed diabetes pa-
tients.

Conclusions

Overall, application of diabetes
risk scores in the context of health
checkups in the general practice
as partly implemented in practice
guidelines seem to be advantageous.
For an early identification of undiag-
nosed diabetes cases and for patients
with a high risk of future diabetes,
the GDRS might be especially ap-
propriate due to the generally better
predictive performance when com-
pared to FINDRISK.
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