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Purpose: The aim of the study was to assess if FINDRISC score was associated with 
diabetes development after 6 years of observation.
Methods: Polish cohort is a part of global PURE study. Hereby analysis presents data from 
baseline (2007–2010) and 6-year follow-up (2013–2016) and was conducted on 1090 
participants (702 women) from urban and rural areas in Lower Silesia region (Poland) 
without diabetes at the baseline and with complete data throughout course of the study.
Results: At the baseline, women had significantly higher FINDRISC score than men (10.43 vs 
8.91; p=0.000) and participants from rural areas had higher score than from urban areas (10.97 vs 
9.33; p=0.000). At the baseline, 25.87% of the participants had low risk of diabetes according to 
FINDRISC score, 38.90% had slightly elevated risk, 16.79% moderate risk, 16.42% high risk and 
2.02% very high risk. Participants, who were healthy at baseline, but developed diabetes after 6 
years of observation had significantly higher FINDRISC, than those who did not (13.39 vs 9.36; 
p=0.000). In 6-year follow-up, diabetes was diagnosed in 2.8% of participants, who were ascer-
tained to “low risk” according to FINDRISC score in baseline; in 9.9% of participants of “slightly 
elevated risk”, 17.5% of participants of “moderate risk”, 26.8% in participants of “high risk” and 
50.0% of participants of “very high risk”.
Conclusions: Results of PURE Poland cohort study indicates that higher FINDRISC score at the 
baseline was associated with higher risk of diabetes development during 6 years of observation.
Keywords: diabetes, preventive medicine, epidemiology

Plain Language Summary
Worldwide prevalence of diabetes is rapidly increasing. In order to counteract diabetes 
epidemic, it is essential to identify and target population at higher risk of diabetes develop-
ment. The FINDRISC score proved to be reliable and an easy tool to identify population at 
high risk of diabetes development in European countries. Results of PURE Poland cohort 
study indicate that higher FINDRISC score was associated with higher risk of diabetes 
development. Almost one fifth of participants of “moderate risk”, almost one third of 
participants of “high risk” and half of participants of “very high risk” will develop diabetes 
in 6 years. It shows that even participants with moderate risk according to FINDRISC should 
be systematically tested for blood glucose.

Introduction
Worldwide prevalence of diabetes is rapidly increasing. According to International 
Diabetes Federation (IDF), diabetes affects 463 mln people (9.3% of current global 
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population) and impaired glucose tolerance affects 
a further 373 mln people (7,5% of population). If current 
trends remain steady, the number of people affected by 
diabetes may reach 700 mln in 2045.1 8% of Polish popu-
lation suffers from diabetes and it is estimated that this 
percentage will increase to 11% in 2040.2 Socioeconomic 
impact of diabetes is alarming. In Europe, 8.3% of total 
health costs is attributed to the treatment of diabetes and 
its complications.1 A total of 11.3% of global deaths in 
adult population can be attributed to diabetes.1 It is esti-
mated that diabetes increases the risk of cardiovascular 
events and overall mortality 2-4-fold in comparison to 
healthy controls.3 Hyperglycemia causes endothelial dys-
function, which contributes to macro- and microvascular 
complications of diabetes.4

In order to counteract diabetes epidemic, it is essen-
tial to identify and target population at higher risk of 
diabetes development. Recent studies indicate that 
introducing lifestyle intervention in patients with pre-
diabetes results in delaying or preventing the onset of 
full-symptomatic diabetes.5 Improving physical activ-
ity, diet quality and reducing excessive body mass 
resulted in 58% reduction of diabetes risk in partici-
pants with impaired glucose tolerance.6 According to 
IDF, 50% of diabetes cases (mostly type 2 diabetes) are 
undiagnosed, which brings urgent need to improve 
screening. To effectively identify targeted population, 
tools used in the screening should be noninvasive, easy 
to perform and reliable. Finnish Diabetes Risk Score 
was designed and validated by Lindström et al in the 
FINDRISC study cohort.7 The FINDRISC score proved 
to be reliable and an easy tool to identify population at 
high risk of diabetes development. According to 
Kengne et al8 who performed a validation of diabetes 
risk scores in the EPIC-InterAct study population, con-
cluded that non-invasive risk scores including 
FINDRISK have acceptable to good discriminatory 
power and can be reasonably recommended to identify 
people at high risk of diabetes. Although the 
FINDRISC score has been originally validated to 
assess the 10-year risk of development of diabetes,7 it 
has been previously used in 7-year or 9-year assess-
ments of diabetes risk.9–11 The prevalence of diabetes 
increased rapidly over 6 years of observation of the 
PURE Poland cohort study,12 hence the decision to 
check if the FINDRISC score assessed at the baseline 
predicted the diabetes development in this study 
period.

Objectives
The Finnish Diabetes Risk (FINDRISC) Score was calcu-
lated in participants without diabetes at the baseline to 
check whether higher FINDRISC is associated with dia-
betes development after 6 years of observation. Secondary 
aim was to determine differences in FINDRISC score in 
the view of chosen sociodemographic characteristics.

Methods
Prospective Urban and Rural Epidemiology Study (PURE) 
comprises more than 21 countries from different socio-
economic backgrounds. Poland was initially included as 
one of the middle income countries. The cohort consisted 
of participants from both urban (Wrocław) and rural 
(Wrocław’s whereabouts) place of residence. All partici-
pants were examined following the same global protocol 
of PURE study.13 Study design included questionnaire, 
blood collection, blood pressure measurements, spirome-
try, anthropometric measurements. Blood glucose level 
was determined in the fasting state. Baseline data was 
collected between 2007 and 2010. Follow-up data is col-
lected every two years. Data for 6-year follow-up was 
collected between 2013 and 2016. Hereby analysis pre-
sents data from baseline and 6-year follow-up. Initially, 
2036 participants were recruited at the baseline. 222 parti-
cipants with diabetes diagnosed at the baseline were 
excluded from this analysis. Further 478 participants 
were removed from the analysis due to lack of data in 
6-year follow-up (deaths, refusals, lack of glucose mea-
surement and incomplete interview). The analysis was 
performed on remaining 1090 participants, without dia-
betes at the baseline and with complete data throughout 
course of the study. According to current consensus,14 

participants were considered normoglycemic when their 
fasting plasma glucose was between 70–99 mg/dL (3.9– 
5.5 mmol/L) and they had no diabetes diagnosis. 
Participants were ascertained to IFG group, when their 
fasting plasma glucose was between 100 mg/dL (5.6 
mmol/L) and 125 mg/dL (6.9 mmol/L). Participants were 
considered diabetic when their fasting plasma glucose was 
≥126 mg/dL (7.0 mmol/L), or when they reported diabetes 
diagnosis and taking medication.

The Finnish Diabetes Risk Score (FINDRISC) was 
calculated based on methodology by Lindström et al.7 

The questionnaire consists of 8 questions of known dia-
betes risk factors. Score values were ascertained to every 
answer according to the key7 and overall FINDRISC was 
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calculated as the sum of those values. Survey included 
questions regarding participant’s age, Body Mass Index 
(BMI), waist circumference, level of physical activity, 
consumption of vegetables and fruit, hypertension medi-
cation, hyperglycemia and family history of diabetes. 
International Physical Activity Questionnaire (IPAQ)15 

was used to assess the level of physical activity. We 
had to introduce some adjustments to calculate 
FINDRISC, due to availability of retrospective data in 
our cohort. In an original questionnaire, a query regard-
ing frequency of consumption of vegetables and fruit had 
only two possible answers “every day” and “not 
every day”. Because in PURE study nutritional data 
was obtained from Food Frequency Questionnaire,16 con-
sumption of every food product was calculated to reflect 
the intake of grams/day. We have therefore calculated 
overall consumption of vegetables and fruit in grams/ 
day. Question about consumption of vegetables and 
fruit in FINDRISC reflects adherence to nutritional 
recommendations. Because both international17 and 
Polish nutritional guidelines18 state that vegetables and 
fruit should be consumed in amount at least 400g/d in 
order to maintain health, we decided to divide the parti-
cipants in two groups: 1) those, who consume ≥400g of 
vegetables and fruit per day and 2) those who consume 
less vegetables and fruit per day, who therefore do not 
meet the requirements. In case of question 7 regarding 
history of hyperglycemia, we had only information about 
participants with impaired fasting glucose (IFG). In case 
of IFG, participants received maximum of 5 points in this 
category. Regarding the last question about diabetes 
family history, PURE study protocol included only infor-
mation about mother’s, father’s and siblings’ diabetes 
history, but lacked data about other family members 
(FINDRISC includes also uncles/aunts/grandparents). 
As a result, our categorization in case of this question 
was dichotomous as either 1) no family history of dia-
betes or 2) diabetes in mother/father/sibling. Scores 
received in every category were later summed to overall 
FINDRISC. Participants could have received between 0 
and 26 points in the questionnaire. Score 0–6 points 
reflects low risk of diabetes development; 7–11 points 
reflect slightly elevated risk; 12–14 points reflect moder-
ate risk; 15–20 points reflect high risk and >20 points 
reflect very high risk of diabetes development.19

The analysis was performed in R for Windows (version 
3.5.3).20 Wilcoxon rank sum test with continuity correc-
tion and Kruskal-Wallis rank sum test were used to 

characterize FINDRISC at the baseline (differences in 
average score between men/women, rural/urban place of 
residence and levels of education). Effect size was com-
puted with the use of Vargha-Delaney A measure. Fisher’s 
Exact Test with Count Data with simulated p-value was 
used in qualitative assessment of FINDRISC groups of 
risk (occurrence of diabetes in every risk group and socio-
demographic characteristics in groups). Written and 
informed consent was obtained from all participants 
enrolled in the study. The study has been reviewed and 
accepted by the Bioethics Committee of the Wrocław 
Medical University and has therefore been performed in 
accordance with the ethical standards laid down in an 
appropriate version of the 1964 Declaration of Helsinki 
(Positive opinion of The Bioethics Committee of the 
Wrocław Medical University nr KB- 443/2006).

Patients and Public Involvement
Patients or the public were not involved in the design, 
conduct, reporting, or dissemination plans of this research.

Results
A total of 1090 participants without diabetes at the base-
line were enrolled to analysis (702 women and 388 men). 
At the baseline, average FINDRISC in participants without 
diabetes equaled 9.88. At the baseline, women had signif-
icantly higher FINDRISC score than men (10.43 vs 8.91; 
p=0.000). There were also significant differences in 
FINDRISC score in participants with different level of 
education. Average FINDRISK score in participants with 
primary education was 12.02, with secondary education 
10.18, trade school education 9.91 and university educa-
tion 8.92. Kruskal Wallis rank sum test showed significant 
differences between every education group, except 
between university and trade school and secondary and 
trade school. Effect size computed with the use of Vargha- 
Delaney A measure showed small differences in most 
comparisons, but significant difference between university 
and primary education (average strength 0.678). Average 
score in participants from urban place of residence was 
9.33 and from rural place of residence 10.97 (p=0.00). 
Sociodemographic characteristic of FINDRISC score is 
presented in Table 1. Considering FINDRISC variables at 
the baseline, the average age of the participants was 53.5 
years, the average BMI was 27.5 kg/m2, and average waist 
circumference was 90.3 cm. 98.9% of participants 
declared at least 30 minutes of physical activity per day, 
72.0% of participants consumed at least 400g/d of fruit 
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and vegetables, 27.16% were treated for hypertension, 
31.6% had impaired fasting glucose and 26.1% had family 
history of diabetes among closest relatives. The 
FINDRISC variables are presented in Table 2.

At the baseline, 25.87% of the participants had low risk 
of diabetes according to FINDRISC score, 38.90% had 
slightly elevated risk, 16.79% moderate risk, 16.42% 
high risk and 2.02% very high risk. Women were ascer-
tained to the groups of higher risk significantly more often 
than men (p=0.0005; effect size low=0.15). At the base-
line, 22.22% of women had low risk, 38.89% had slightly 
elevated risk, 17.09% had moderate risk, 19.66% had high 
risk and 2.14% had very high risk. Subsequently, 32.47% 
of men had low risk, 38.92% had elevated risk, 16.24% 
had moderate risk, 10.57% had high risk and 1.80% had 
very high risk. Participants with primary education were 
ascertained to the group of high risk significantly more 
often than participants with different level of education 
(p=0.0005).

At the 6-year follow-up 141 cases of diabetes were 
diagnosed (12.94%). Interestingly, participants who were 
healthy in baseline but developed diabetes after 6 years of 
observation had significantly higher FINDRISC than those 
who remained stable. The average FINDRISC in partici-
pants who did not develop diabetes equaled 9.36 and in 
participants who developed diabetes equaled 13.39 
(p=0.000). At 6-year follow-up diabetes was diagnosed 
in 9.97% of women (n=70) and in 18.30% of men (n=71).

We have also performed qualitative assessment of the 
FINDRISC score ascertaining the participants to groups 

reflecting severity of diabetes risk. Qualitative assessment 
of FINDRISC score reflecting differences in the % of 
participants with and without diabetes after 6-years of 
observation is presented in Figure 1. After 6 years diabetes 
was diagnosed in 2.8% of participants, who were ascer-
tained to “low risk” according to FINDRISC score in 
baseline; in 9.9% of participants of “slightly elevated 
risk”, 17.5% of participants of “moderate risk”, 26.8% in 
participants of “high risk” and 50.0% of participants of 
“very high risk”. However, it should be noted that overall 
number of participants in the “very high risk” category 
was low (n=22) (Table 3).

Discussion
In our study, we have assessed the risk of diabetes devel-
opment by calculating the FINDRISC score in baseline 
population without diabetes and compared those results 
with occurrence of diabetes after 6 years of observation. 
Although the FINDRISC score has been originally vali-
dated to assess the 10-year risk of diabetes development,7 

due to the high increase in diabetes prevalence in our 
cohort during 6 years of observation12 we decided to 
check if the FINDRISC score was predictive of this out-
come. Our results show that the FINDRISC score was 
significantly higher at the baseline in those who progressed 
to diabetes after 6 years, than in those who remained 
stable. The FINDRISC score was significantly higher in 
women, participants living in rural areas and those with 
lower level of education.

Table 1 Sociodemographic Characteristics of FINDRISC Score

FINDRISC 0–6 
n(%)

FINDRISC 7–11 
n(%)

FINDRISC 12–14 
n(%)

FINDRISC 15–20 
n(%)

FINDRISC >20 
n(%)

FINDRISC 
Mean

Sex

Men 126 (32.5) 151 (38.9) 63 (16.2) 41 (10.6) 7 (1.8) 8.91
Women 156 (22.2) 273 (38.9) 120 (17.1) 138 (19.7) 15 (2.1) 10.43

Education

Primary 14 (12.1) 41 (35.3) 19 (16.4) 37 (31.9) 5 (4.3) 12.02
Secondary 100 (23.1) 173 (40.0) 73 (16.9) 77 (17.8) 10 (2.3) 10.18

Trade 33 (21.7) 67 (44.1) 37 (24.3) 13 (8.6) 2 (1.3) 9.91

University 135 (34.7) 143 (36.8) 54 (13.9) 52 (13.4) 5 (1.3) 8.92

Place of residence

Urban 213 (29.6) 285 (39.6) 112 (15.6) 99 (13.8) 10 (1.4) 9.33

Rural 69 (18.6) 139 (37.5) 71 (19.1) 80 (21.6) 12 (3.2) 10.97
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Diabetes is becoming one of the greatest challenges for 
public health worldwide. Accurate prognosis and early identi-
fication of people at high risk is essential to manage the 
epidemic of diabetes. The FINDRISC questionnaire proved 
to be a useful and easy tool in screening people at high risk of 
deterioration of glucose metabolism. According to Abraham 
et al21 the FINDRISC score’s accuracy to identify patients with 
diabetes was similar to metabolic syndrome’s, but was much 
easier to perform. On the other hand, in the same study, addi-
tion of HbA1c measurement to FINDRISC questionnaire 
resulted in outperforming metabolic syndrome in prognostic 
value of progression to diabetes. In a study performed by 
Schwarz et al22 FINDRISC score was significantly associated 
with occurrence of insulin resistance and deterioration of glu-
cose metabolism. Authors conclude that because insulin resis-
tance usually precedes impaired glucose tolerance (IGT), 
FINDRISC score can be a useful tool in identification of 
patients in early stages of glucose metabolism impairment.22 

Utility of FINDRISC in identification of diabetes was also 
observed in other prospective and cross-sectional studies.23,24 

Average FINDRISC score in other prospective cohort studies 
was comparable to our results. In the HUNT Study conducted 
in Norway, the mean FINDRISC score equaled 8.8. In 
Feel4Diabetes study high income European countries tended 
to have higher FINDRISC values than lower income 
countries.23 The average FINDRISC in high income countries 
(Finland, Belgium) was 10.5, in high income countries under 
austerity measures (Spain, Greece) was 10.8 and in low income 
countries (Hungary, Bulgaria) was 8.35.

In our cohort 18.4% participants received ≥15 points 
(which reflects high and very high risk of diabetes develop-
ment), in comparison to 11% observed in the HUNT 
Norwegian Study25 and 12.8% in Feel4Diabetes study.23 The 
higher percentage of participants of high risk of diabetes in our 
cohort can be partially explained by overrepresentation of 
older participants and participants with overweight and obesity. 

Figure 1 Qualitative assessment of FINDRISC score in participants with and without diabetes after 6 years of observation.

Table 3 Risk of Diabetes Development According to Category of FINDRISC in Baseline

FINDRISC Participants without Diabetes in 
6-Year-Follow-Up n(%)

Participants with Diabetes in 
6-Year-Follow-Up n(%)

6-Year Incidence of 
Diabetes (%, 95% Cl)

Low (0–6) 274 (97.2) 8 (2.8) 0.03 (0.01–0.05)

Slightly elevated (7–11) 382 (90.1) 42 (9.9) 0.09 (0.07–0.13)
Moderate (12–14) 151 (82.5) 32 (17.5) 0.17 (0.13–0.23)

High (15–20) 131 (73.2) 48 (26.8) 0.26 (0.21–0.34)

Very high (>20) 11 (50.0) 11 (50.0) 0.5 (0.31–0.69)
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Interestingly, 17.5% of participants who were ascertained to 
“moderate risk” according to FINDRISC, developed diabetes 
after 6 years. Surprisingly high percentage of participants 
developing diabetes in this category indicate that despite 
“moderate” risk, those participants should also implement 
preventive measures. Similarly, in the study by Jølle et al, 
highest cumulative risk of diabetes development after 10 
years was observed in participants who received 7–9 points 
in FINDRISC score.26 Authors concluded that lowering the 
definition of elevated FINDRISC to ≥11 would identify >70% 
of those patients, who will develop diabetes within 10 years.

Similarly to our results, in the HUNT Norwegian study, 
women had higher mean value of FINDRISC than men (9.1 
in women vs 8.4 in men).26 Higher values of FINDRISC in 
women were also observed in Greek arm of the DE-PLAN 
study (13.6 in women vs 12.6 in men).23 Higher values of 
FINDRISC suggest higher risk of diabetes, but interestingly 
at the 6-year follow-up diabetes was diagnosed more often in 
men. In our cohort, in comparison of FINDRISC variables 
between men and women, most of the mean values were 
rather comparable. The only variables with visible differ-
ences between sexes were consumption of fruits and vege-
tables and family history of diabetes. Diabetes among closest 
relatives was more common in women than men, on the other 
hand women more often met the requirements of consump-
tion of fruit and vegetables. Those two variables are not 
equally important in FIDRISC, occurrence of diabetes in 
parents/siblings adds 5 points, whereas low consumption of 
fruit and vegetables adds 1 point.7 It cannot be ruled out that 
the interpretation of diabetes risk according to FINDRISC 
may be different in men and women. This issue requires 
further research.

In our study, participants living in rural area had signifi-
cantly higher FINDRISC than those living in urban area. 
According to meta-analysis performed by Zabetian et al, glob-
ally 1 in every 15 persons living in rural areas is affected by 
diabetes.27 Over the observed period (1990–2010), diabetes 
prevalence in rural areas in high income countries increased 
twofold, whereas in low income countries increased 
fourfold.27 Significant disparities in diabetes prevalence were 
also observed in other studies. In a cross-sectional study con-
ducted in population from USA, participants living in rural 
areas had significantly higher risk of diabetes and coronary 
heart disease, presumably resulting from higher prevalence of 
obesity, tobacco smoking and poverty than in urban areas.28 

Diabetes morbidity and mortality has been previously asso-
ciated with lower socioeconomic status and level of 
education.29,30 A deprivation index of the area of residence 

has been associated with higher mortality and hospitalization 
due to diabetes, especially in women.31

Some limitations of our study must be considered. 
Following global PURE study protocol, in our cohort glu-
cose parameters were ascertained only in the fasting state. 
Diabetes was ascertained on the basis of medical history and 
self-reported diabetes medication and/or fasting glucose 
level exceeding 126 mg/dL. There is no glucose tolerance 
test (OGTT) performed and therefore we had only data 
regarding IFG, but no Impaired Glucose Tolerance (IGT). 
Moreover, considering limitations of our retrospective data 
we had to adjust our calculations of FINDRISC score (diet, 
history of hyperglycemia and family history of diabetes), 
which might have caused underestimations of the score in 
some participants. Having said that, we have not excluded 
those parameters, considering available data reliable enough 
in assessment of diabetes risk. Our study is also a cohort 
study, with overrepresentation of middle-aged and elderly 
participants and overrepresentation of women in comparison 
to general population and the results should be therefore 
interpreted with caution. On the other hand, the strength of 
our study is its prospective design, large number of partici-
pants and consistent protocol throughout the longitudinal 
observation. In this study, the FINDRISC score was predic-
tive of diabetes development in 6 years of observation. Since 
it is not an observation period for which the FINDRISC tool 
has been validated for, the analysis has to be repeated in the 
next follow-ups in the PURE Poland cohort study.

Conclusions
Higher FINDRISC score at the baseline was associated 
with higher risk of diabetes development during 6 years of 
observation, which makes it a good predictor of diabetes 
development.
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