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Abstract

We investigated the association of the Finnish Diabetes Risk Score (FINDRISC) with insulin

secretion, insulin sensitivity, and risk of type 2 diabetes, drug-treated hypertension, cardio-

vascular (CVD) events and total mortality in a follow-up study of the Metabolic Syndrome in

Men (METSIM) cohort. The METSIM study includes 10,197 Finnish men, aged 45–73

years, and examined in 2005–2010. Of 8,749 non-diabetic participants of the METSIM

study 693 developed incident type 2 diabetes, 225 started antihypertensive medication, 351

had a CVD event, and 392 died during a 8.2-year follow-up. The FINDRISC was significantly

associated with decreases in insulin secretion and insulin sensitivity (P<0.0001), and with a

4.14-fold increased risk of incident type 2 diabetes, 2.43-fold increased risk of drug-treated

hypertension, 1.61-fold increased risk of CVD, and 1.55-increased risk of total mortality (the

FINDRISC�12 vs. < 12 points). In conclusion, the FINDRISC predicts impairment in insulin

secretion and insulin sensitivity, the conversion to type 2 diabetes, drug-treated hyperten-

sion, CVD events and total mortality.

Introduction

Early detection of individuals at high risk of the development of type 2 diabetes is of great

importance [1–3]. Therefore, a variety of risk scores has been developed and applied either in

the cross-sectional [4] or prospective setting to evaluate the risk of diabetes [5,6]. These risk

scores include conventional risk factors for diabetes, including age, body mass index (BMI),

information on diet and family history [6,7], laboratory measurements [8,9] and/or genetic

information [10,11].
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The Finnish Diabetes Risk Score (FINDRISC) is a simple and practical tool to identify peo-

ple at high risk for type 2 diabetes [12]. The FINDRISC is composed of eight easily available

parameters (age, BMI, waist circumference, hypertension, physical activity, diet, history of

hyperglycemia, and family history of diabetes). The FINDRISC has been shown to predict not

only type 2 diabetes [13], but also coronary heart disease, stroke and total mortality [13].

Insulin resistance and impaired insulin secretion are the two main pathophysiological

mechanisms leading to type 2 diabetes [14]. Insulin resistance precedes and predicts diabetes

[15], and clusters with several cardiovascular risk factors such as obesity, hypertension, and

dyslipidemia [16]. Additionally, insulin resistance is an important risk factor for CVD [17]. A

simplified version of the FINDRISC has been linked with insulin resistance in two small cross-

sectional studies [18,19] but no large population-based prospective studies are available where

the FINDRISC had been evaluated as a predictor for changes in insulin secretion, insulin resis-

tance or insulin resistance-related traits.

Given the fact that impaired insulin secretion is needed for the conversion to diabetes [20]

we hypothesized that the FINDRISC is also a marker of impaired insulin secretion and insulin

resistance related traits. To this aim we investigated the association of the FINDRISC with

insulin secretion, insulin sensitivity, insulin resistance related traits, incident type 2 diabetes,

drug-treated hypertension, CVD events and total mortality in a 6-year follow-up of a large

Finnish population-based study.

Materials and Methods

Subjects and clinical measurements

The Metabolic Syndrome in Men (METSIM) includes 10,197 Finnish men, aged from 45 to

74 years (mean±SD 58±7 years; mean body mass index (BMI) 27±4 kg/m2), and randomly

selected from the population register of Kuopio, Eastern Finland (population 105,000). The

cross-sectional study was performed in 2005–2010. Each participant had one-day outpatient

visit to the Clinical Research Unit, University of Eastern Finland, Kuopio, Finland. The study

has been described in detail elsewhere [21]. The present report includes 8,749 non-diabetic

participants of the METSIM baseline study. Glucose tolerance was evaluated with a 2-hour

oral glucose tolerance test (OGTT; 75g of glucose) after 12h overnight fast. Glucose tolerance

status was classified according to the American Diabetes Association (ADA) criteria [22].

Among the participants 3,034 (34.7%) had normal glucose tolerance, 4,344 (49.7%) isolated

impaired fasting glucose (IIFG), 312 (3.6%) isolated impaired glucose tolerance (IIGT), and

1,059 (12.1%) both IFG and IGT. Participants with type 1 diabetes (N = 25), previously diag-

nosed type 2 diabetes (N = 763), type 2 diabetes diagnosed at baseline (N = 649), or with miss-

ing OGTT data (N = 11) were excluded from the analyses.

The prospective ongoing follow-up study started in 2010 and so far 5,552 non-diabetic indi-

viduals have been re-examined (mean follow-up time of 4.6-years; range of follow-up time

0.83–9.4 years). A total of 5,401 participants were included in current statistical analyses (17

participants had missing OGTT data, and 134 participants developed diabetes between the

baseline and follow-up visits).

Ethics Statement. The study was approved by the Ethics Committee of the University of

Eastern Finland and Kuopio University Hospital and was conducted in accordance with the

Helsinki Declaration. All study participants provided written informed consent.

The Finnish Diabetes Risk Score (FINDRISC)

The FINDRISC data were available for 8,745 non-diabetic participants at baseline. A total of

8 variables are included in the FINDRISC (age, BMI, waist circumference, physical activity
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(at least 30 min of physical activity daily at work and/or during leisure time), diet (daily con-

sumption of vegetables, fruits or berries), antihypertensive drug treatment, history of hyper-

glycemia, and family history of diabetes. The maximal score observed was 26 points (mean

score 10.4±4.9). The participants were divided into the four categories based on the FIN-

DRISC scale (category 1, low-risk, FINDRISC <7, N = 2,011; category 2, slightly elevated

risk, FINDRISC 7–11, N = 3,302; category 3, moderate risk, FINDRISC 12–14, N = 1,615; cat-

egory 4, high and very high risk, FINDRISC >15, N = 1,817) proposed by Dr. Jaakko Tuomi-

lehto et al. (http://www.diabetes.fi/files/502/eRiskitestilomake.pdf).

Definitions of incident type 2 diabetes, drug reimbursement for

hypertension, cardiovascular (CVD) events and total mortality

Among the 8,749 non-diabetic men at baseline, 693 developed incident type 2 diabetes

between the baseline study and 30th of June 2016. Diagnosis of new-onset type 2 diabetes was

based on: 1) fasting plasma glucose (FPG)�7.0 mmol/L, 2-hour plasma glucose (2hPG) in an

OGTT�11.1 mmol/L or glycated hemoglobin (HbA1c)�6.5% (395 new cases of diabetes)

among nondiabetic individuals who participated in the ongoing follow-up study, or 2) antidia-

betic medication started between the baseline study and follow-up study (261 new cases of dia-

betes; information obtained from the National Drug Reimbursement registry for all 8,749

nondiabetic participants), or 3) type 2 diabetes diagnosed by a physician based on medical rec-

ords and/or FPG�7.0 mmol/L, 2hPG�11.1 mmol/L or HbA1c�6.5% in outpatient/primary

care laboratory measurements (N = 37 new cases of type 2 diabetes).

A total of 225 non-diabetic participants started a new antihypertensive treatment between

the baseline and follow-up studies on the basis of the National Drug Reimbursement registry

(data available until December 31, 2013). Non-diabetic participants receiving antihypertensive

treatment (N = 1,537) started prior to the baseline study were excluded from statistical analyses

when analyzing the associations of baseline variables with the development of drug-treated

hypertension.

An incident CVD event was defined as non-fatal myocardial infarction, coronary heart dis-

ease death, or fatal and nonfatal cerebral infarction which occurred between the baseline and

follow-up studies (data available until June 30, 2015). CVD events were defined according to

the internationally accepted criteria [23,24] and verified from the hospital records. Non-dia-

betic individuals with non-fatal myocardial infarction (N = 344) and stroke (N = 194) before

the baseline were excluded from statistical analyses.

Out of 8,749 non-diabetic participants a total of 392 died during the follow-up. The infor-

mation on mortality was obtained from the Finnish Mortality registry.

Clinical and laboratory measurements

Height was measured without shoes to the nearest 0.5 cm. Weight was measured in light cloth-

ing with a calibrated digital scale (Seca 877, Hamburg, Germany), and rounded up to the near-

est 0.1 kg. BMI was calculated as weight (kg) divided by height squared. Waist was measured

to the nearest 0.5 cm as the average of two measurements taken after inspiration and expira-

tion at the midpoint between the lowest rib and iliac crest. Hip circumference (at the level of

the trochanter major) was measured to the nearest 0.5 cm. Body composition was determined

by bioelectrical impedance (Bioimpedance Analyzer Model BIA 101, Akern SrL, Florence,

Italy) in subjects in the supine position after a 12-h overnight fast. Three measurements of

blood pressure (interval 1.5 min) were performed in the sitting position after a 10-min rest

with mercury sphygmomanometer. The average of three measurements was used to calculate

systolic and diastolic blood pressure. Physical activity refers to leisure time physical activity
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(physically active, regular exercise at least 30 min�1 times per week vs. physically inactive,

occasional exercise or no exercise). Smoking status was defined as current smoking (yes vs.

no). Plasma glucose was measured by an enzymatic hexokinase photometric assay (Konelab

Systems reagents, Thermo Fisher Scientific; Vantaa, Finland). Insulin was determined by

immunoassay (ADVIA Centaur Insulin IRI no. 02230141; Siemens Medical Solutions Diag-

nostics, Tarrytown, NY). HbA1c was analyzed by high-performance liquid chromatography

(HPLC) using Tosoh G7 glycohemoglobin analyzer (Tosoh Bioscience, Inc. San Francisco,

CA, USA) and calibrated according to the DCCT Standard. Total triglycerides (TGs), plasma

free fatty acids (FFAs), high-density lipoprotein (HDL) cholesterol, and low-density lipopro-

tein (LDL) cholesterol were measured by enzymatic colorimetric tests (Konelab Systems

Reagents, Thermo Fisher Scientific; Vantaa, Finland). Plasma adiponectin was measured by an

ELISA (human adiponectin ELISA kit; Linco Research), and alanine aminotransferase by

enzymatic photometric test (Konelab Systems reagent). Apolipoproteins A1 and B (ApoA1

and ApoB) were quantified by immunoturbidimetry (Konelab Systems Reagents).

Calculations

The trapezoidal method was used to calculate the glucose area under the curve (Glucose AUC)

based on the OGTT samples collected at 0, 30, and 120 min. Matsuda insulin sensitivity index

[25], and early-phase insulin secretion (InsulinAUC0-30/GlucoseAUC0-30) [21] were calculated

as previously described. Disposition index (a marker of insulin secretion) was calculated as

Matsuda ISIxInsulinAUC0-30/GlucoseAUC0-30. The Cockcroft-Gault equation (140—age) x

weight x 1.2278/serum creatinine concentration) was used to estimate glomerular filtration

rate (eGFR).

Statistical analysis

Statistical analyses were conducted using IBM SPSS version 19 (SPSS, Chicago, IL). All vari-

ables (except for age) were logarithmically transformed for statistical analyses due to their

skewed distributions. One-way ANOVA was used to evaluate the differences in metabolic and

clinical characteristics across the categories of the FINDRISC. ANCOVA was used to adjust

for covariates (age and BMI). Linear regression analysis was performed to evaluate the FIN-

DRISC as a predictor of changes in metabolic and clinical traits at the 4.6-year follow-up visit

among those participants who had follow-up visit and who did not develop diabetes between

the baseline and follow-up visits. Results are presented as unstandardized coefficients (B ± SE)

in original units (one FINDRISC point), and standardized beta coefficients. Linear regression

models were adjusted for age, corresponding trait at baseline, and follow-up time (in months).

In a model including systolic and diastolic blood pressure (BP) the adjustment was addition-

ally done for the use of antihypertensive medication at baseline. Cox regression was used to

investigate the association of FINDRISC with incident type 2 diabetes (mean follow-up 8.2

years), drug-treated hypertension (mean follow-up time 6.0 years, participants with drug treat-

ment for hypertension at baseline were excluded), CVD events and total mortality (mean fol-

low-up 7.2 years) during the follow-up (a longer follow-up than for participants having follow-

up re-examination is explained by the fact that for all participants the data are available from

the National Drug Reimbursement registry and Mortality registry until December 31, 2013,

and Hospital Discharge Registry). Hazard ratios (HRs) with their 95% confidence intervals

(CI) are presented. The Cox regression models were adjusted for age, BMI, smoking and phys-

ical activity. After Bonferroni correction for multiple testing P<0.00125 was considered as sta-

tistically significant in linear regression models given 40 models tested, and P<0.0063 in Cox

regression models (8 models tested). P<0.05 was considered as nominally significant.

Finnish Diabetes Risk Score and Type 2 Diabetes
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Results

Baseline clinical and laboratory characteristics of the participants in the

categories of the FINDRISC

All clinical and laboratory characteristics significantly differed across the four FINDRISC cate-

gories among 8,745 (FINRISC was missing for four participants) participants of the METSIM

Study (Table 1). Category < 7 indicates low risk, category 7–11 slightly elevated risk, 12–14 cat-

egory moderate risk, 15–20 high risk, and> 20 very high risk of diabetes. Clinical characteris-

tics (age, BMI, waist, fat mass, systolic and diastolic BP), and laboratory measurements (FPG,

2hPG, Glucose AUC, TGs and ALT) increased across the FINDRISC categories, whereas HDL

cholesterol, ApoA1, and adiponectin decreased. Insulin sensitivity (Matsuda ISI) and insulin

secretion (Disposition index) significantly decreased with increasing points of the FINDRISC.

The differences remained statistically significant after the adjustment for age and BMI.

Insulin sensitivity and secretion in the categories of the FINDRISC at

baseline and follow-up studies

The markers of insulin sensitivity (Matsuda ISI) and insulin secretion (Disposition index)

across the four FINDRISC categories at the METSIM baseline and follow-up studies are

Table 1. Clinical and metabolic characteristics of participants at the METSIM baseline study in the categories of Finnish Diabetes Risk Score

(FINDRISC).

FINDRISC categories (N = 8,745)

Category 1 Category 2 Category 3 Category 4

FINDRISC<7points

(N = 2,011)

FINDRISC 7–11 points

(N = 3,302)

FINDRISC 12–14

points (N = 1,615)

FINDRISC >15 points

(N = 1,817)

P values

Variables at baseline N Mean ± SD N Mean ± SD N Mean ± SD N Mean ± SD Poverall P*overall

Age [years] 2,011 55.4±6.8 3,302 56.8±7.1 1,615 57.6±6.9 1,817 59.4±6.9 <0.0001 -

BMI [kg/m2] 2,011 24.0 ± 2.1 3,302 26.1±2.9 1,615 28.3±3.7 1,817 30.1±4.0 <0.0001 -

Waist circumference [cm] 2,011 88.5 ± 5.5 3,302 95.7±8.3 1,615 101.8±9.6 1,817 106.7±10.3 <0.0001 <0.0001

Fat mass [%] 2,008 19.2 ± 4.8 3,295 22.7±5.8 1,612 25.0±5.5 1,812 28.0±6.0 <0.0001 <0.0001

Systolic BP [mmHg] 2,011 132.7 ± 15.3 3,302 136.4±15.9 1,615 139.5±16.6 1,817 141.4±16.2 <0.0001 <0.0001

Diastolic BP [mmHg] 2,011 84.6 ± 8.7 3,302 86.8±9.0 1,615 88.9±9.6 1,817 89.3±9.2 <0.0001 <0.0001

LDL cholesterol [mmol/l] 2,011 3.39 ± 0.84 3,301 3.43±0.88 1,613 3.40±0.88 1,817 3.21±0.88 <0.0001 <0.0001

HDL cholesterol [mmol/l] 2,011 1.6 ± 0.4 3,302 1.5±0.4 1,613 1.4±0.4 1,817 1.3±0.4 <0.0001 <0.0001

Triglycerides [mmol/l] 2,011 1.13 ± 0.59 3,302 1.36±0.76 1,615 1.59±1.48 1,817 1.61±0.94 <0.0001 <0.0001

Apo A1[g/l] 2,011 1.46 ± 0.25 3,302 1.42±0.24 1,613 1.39±0.23 1,817 1.36±0.24 <0.0001 0.0003

Apo B[g/l] 2,011 0.99 ± 0.25 3,302 1.04±0.27 1,613 1.07±0.28 1,817 1.04±0.28 <0.0001 <0.0001

Adiponectin [μg/ml] 2,01 8.6 ± 4.8 3,301 7.9±4.1 1,615 7.7±.4.0 1,817 7.5±4.6 <0.0001 0.0004

ALT [U/l] 2,011 27.2 ± 21.0 3,302 30.1±17.3 1,615 34.3±22.2 1,817 35.5±21.0 <0.0001 <0.0001

FPG [mmol/l] 2,011 5.6 ± 0.4 3,302 5.7±0.5 1,615 5.8±0.5 1,817 5.9±0.5 <0.0001 <0.0001

2hPG [mmol/l] 2,011 5.4 ± 1.4 3,302 5.9±1.6 1,615 6.3±1.7 1,817 6.8±1.8 <0.0001 <0.0001

Glucose AUC 2,005 826.7 ± 122.7 3,289 872.4±130.0 1,611 913.4±129.6 1,81 956.2±133.2 <0.0001 <0.0001

Matsuda ISI [mg/dl, mU/l] 1,997 9.6 ± 4.4 3,283 7.3±4.1 1,608 5.6±3.2 1,805 4.5±2.7 <0.0001 <0.0001

Disposition index† 1,997 189.9 ± 81.0 3,283 170.0±69.6 1,608 151.3±63.0 1,805 133.6±58.6 <0.0001 <0.0001

Abbreviations: ALT, alanine aminotransferase; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; AUC, area under the curve; BMI, body mass index; BP,

blood pressure FPG, fasting plasma glucose; FINDRISC, the Finnish Diabetes Risk Score; HDL, high-density lipoprotein; 2hPG, 2-hour plasma glucose;

ISI, insulin sensitivity index; LDL, low-density lipoprotein; SD, standard deviation. P values were calculated with log-transformed variables (except for age),

and were obtained from one-way ANOVA. ANCOVA was used to adjust for age and BMI. Significant P values (P<0.00125) are marked by bold font. P,

unadjusted; P*, adjusted for age and BMI.
†Disposition index was calculated as Matsuda ISI x InsulinAUC0-30/GlucoseAUC0-30.

doi:10.1371/journal.pone.0166584.t001

Finnish Diabetes Risk Score and Type 2 Diabetes

PLOS ONE | DOI:10.1371/journal.pone.0166584 November 16, 2016 5 / 12



shown in Fig 1. Category 1 (FINDRISC <7 points) was set as the reference category. The

Matsuda ISI and Disposition index significantly decreased across the FINDRISC categories

at both baseline (Fig 1A) and follow-up (Fig 1B). The Matsuda ISI decreased by 53% and

50% in the baseline and follow-up studies (> 15 points), correspondingly, compared to the

reference category. Similarly, the Disposition index significantly decreased by 30% and 29%

in the baseline and follow-up studies, correspondingly, compared to the reference category.

Fig 1C shows the percentage decreases in insulin secretion and insulin sensitivity between

Fig 1. Percentage decreases in insulin sensitivity (Matsuda ISI, open circles) and insulin secretion (Disposition index, filled

circles, dashed lines) across the Finnish Diabetes Risk Score (FINDRISC) categories compared to the reference category (< 7

points). (A) in the non-diabetic participants of the METSIM baseline study, (B) in the participants of the METSIM 4.6-year follow-up study

(participants without diabetes or with newly-diagnosed diabetes at the follow-up examination) (C) in the subcategories of the eight

components of the FINDRISC at baseline (reference categories in C for each component respectively are as follows: age<55 years,

BMI<25 kg/m2, waist<94 cm, physical activity at least 30 min�2 times per week, vegetable intake every day, no antihypertensive

medication, no history of hyperglycemia, no family history of diabetes). Data are means ± SD.

doi:10.1371/journal.pone.0166584.g001

Finnish Diabetes Risk Score and Type 2 Diabetes
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the extreme categories of each component of the FINDRISC in the cross-sectional study.

Overall, decreases in the Matsuda ISI were larger than those for the Disposition index. The

largest decreases in insulin sensitivity and insulin secretion were observed for the BMI com-

ponent (Matsuda ISI was 60% lower and the Disposition index was 24% lower in the

BMI>30 kg/m2 category than in the BMI<25 kg/m2 category), and the waist circumference

component (Matsuda ISI was 53% lower and the Disposition index was 21% lower in the

waist>102 cm category than in the waist<94 cm category), and the smallest decreases for

vegetable intake, family history of diabetes and age (� 10%).

Associations of the FINDRISC with clinical and metabolic traits at the

follow-up visit

The FINDRISC was significantly associated with increases in BMI, waist circumference, fat

mass, systolic and diastolic BP, glycemia (FPG, 2hPG, Glucose AUC), TGs, and ALT, and with

decreases in LDL cholesterol, HDL cholesterol, ApoA, and eGFR during the follow-up

(Table 2). Particularly strong associations were observed between the FINDRISC and increases

in waist circumference, BMI, fat mass and glycemia (beta�0.26), and decreases in insulin

Table 2. Association of the Finnish Diabetes Risk Score (FINDRISC) with metabolic and clinical traits in 5,401 participants without diabetes or

with newly diagnosed type 2 diabetes at the METSIM follow-up visit (linear regression analysis).

Effect size per FINDRISC point

Variables at the 4.6-year follow-up visit N B SE beta P P*

Age [years] 5,401 0.307 0.019 0.214 - -

BMI [kg/m2] 5,401 0.417 0.009 0.539 <0.0001 0.414

Waist circumference [cm] 5,401 1.200 0.024 0.556 <0.0001 0.0001

Fat mass [%] 5,356 0.636 0.017 0.448 <0.0001 <0.0001

Systolic BP [mmHg] 5,399 0.560 0.044 0.170 <0.0001 0.084

Diastolic BP [mmHg] 5,399 0.191 0.025 0.103 <0.0001 0.286

LDL cholesterol [mmol/l] 5,401 -0.025 0.002 -0.139 <0.0001 <0.0001

HDL cholesterol [mmol/l] 5,401 -0.017 0.001 -0.214 <0.0001 0.0006

Triglycerides [mmol/l] 5,401 0.023 0.002 0.155 <0.0001 <0.0001

Apo A1[g/l] 5,107 -0.006 0.001 -0.133 <0.0001 <0.0001

Apo B[g/l] 5,107 -0.001 0.001 -0.016 0.215 0.063

Adiponectin [μg/ml] 1,303 -0.072 0.029 -0.068 0.002 0.035

ALT [U/l] 5,401 0.405 0.047 0.116 <0.0001 0.0001

FPG [mmol/l] 5,401 0.030 0.002 0.257 <0.0001 <0.0001

2hPG [mmol/l] 5,401 0.109 0.006 0.259 <0.0001 <0.0001

Glucose AUC [mmol/l * min] 5,37 9.195 0.417 0.288 <0.0001 <0.0001

Matsuda ISI [mg/dl, mU/l] 5,345 -0.340 0.011 -0.378 <0.0001 <0.0001

Disposition index† 5,345 -4.189 0.206 -0.268 <0.0001 <0.0001

eGFR 5,401 1.092 0.007 0.221 <0.0001 <0.0001

Abbreviations: AUC, area under the curve; B (SE), unstandardized regression coefficient; beta, standardized regression coefficient; eGFR, estimated

glomerular filtration rate, FPG, fasting plasma glucose; ISI; insulin sensitivity index; 2hPG, 2-hour plasma glucose. Effect sizes (B, SE) are given in the

original units of the dependent variable per 1 point of the FINDRISC score, beta coefficient is standardized. P values were calculated using logarithmically

transformed depended variables (except for age). P<0.00125 was considered as statistically significant (bold font), and P<0.05 as nominally significant

(underlined).
†Disposition index was calculated as: Matsuda ISI x InsulinAUC0-30/GlucoseAUC0-30.

P, unadjusted. P*, adjusted for age, follow-up time (in months), and corresponding trait at baseline. Systolic and diastolic blood pressure was additionally

adjusted for antihypertensive medication at baseline. The mean length of the follow-up was 4.6 years.

doi:10.1371/journal.pone.0166584.t002
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sensitivity (Matsuda ISI) and insulin secretion (Disposition index) (beta�-0.27). After the

adjustment for age, follow-up time and for corresponding trait at baseline most of the associa-

tions remained statistically significant except for BMI, systolic and diastolic BP.

Associations of the FINDRISC with overweight and obesity at METSIM

baseline and follow-up studies

We additionally evaluated the associations of the FINDRISC with overweight and obesity at

both baseline and follow-up studies S1 Table). The FINDRISC was significantly (P<0001)

associated with overweight (BMI�25 kg/m2), and obesity (BMI�30 kg/m2) in both baseline

and follow-up studies. The associations of the FINDRISC with obesity were stronger than the

associations with overweight.

The FINDRISC as a predictor for incident type 2 diabetes, drug-treated

hypertension, cardiovascular (CVD) events, and total mortality in the

follow-up study

The FINDRISC as a continuous variable significantly associated with an increased risk of inci-

dent type 2 diabetes (HR = 1.18, 95% CI 1.17–1.20), drug-treated hypertension (HR = 1.10,

95% CI 1.07–1.13), CVD events (HR = 1.05, 95% 1.03–1.07), and total mortality (HR = 1.05,

95% CI 1.03–1.08) (Table 3). After the adjustment for age, BMI, smoking and physical activity,

the FINDRISC remained significantly associated with incident type 2 diabetes and drug-

treated hypertension, but not with CVD events and total mortality. The FINDRISC as a cate-

gorical variable (�12 vs. < 12 points) significantly associated with the risk of type 2 diabetes

(HR = 4.14, 95% CI 3.51–4.89), drug treated hypertension (HR = 2.43, 95% CI, 1.87–3.15),

CVD events (HR = 1.61, 95% CI 1.30–1.98), and total mortality (HR = 1.55, CI 1.27–1.89)

when compared to the reference category (<12 points). The FINDRISC remained significantly

associated with incident type 2 diabetes, drug-treated hypertension, and nominally with CVD

events but not with total mortality after the adjustment for confounding factors (age, BMI,

smoking and physical activity).

Table 3. The association of the Finnish Diabetes Risk Score (FINDRISC) with incident type 2 diabetes, new drug-treated hypertension, cardiovas-

cular (CVD) events and total mortality in the METSIM follow-up study.

FINDRISC as a continuous variable FINDRISC as a categorical variable (�12

points vs. <12 points)

N

Outcome Event Total HR 95% CI P P* HR 95% CI P P*

Type 2 diabetes 693 8,745 1.18 1.17–1.20 <0.0001 <0.0001 4.14 3.51–4.89 <0.0001 <0.0001

Drug treatment for hypertension 225 7,169 1.10 1.07–1.13 <0.0001 <0.0001 2.43 1.87–3.15 <0.0001 0.0001

CVD events 351 8,196 1.05 1.03–1.07 <0.0001 0.063 1.61 1.30–1.98 <0.0001 0.015

Total mortality 392 8,745 1.05 1.03–1.08 <0.0001 0.532 1.55 1.27–1.89 <0.0001 0.516

Abbreviations: CI, confidence interval; HR, hazard ratio; N, number of events and participants. P, unadjusted, P*adjusted for age, BMI, smoking and

physical activity. HRs and their 95% confidence intervals were obtained from Cox regression analyses. Participants with type 1 diabetes (N = 25), type 2

diabetes (N = 763), newly diagnosed type 2 diabetes at baseline (N = 649), and participants with myocardial infarction, stroke or receiving antihypertensive

prior the baseline study were excluded from the analyses. P<0.0063 was considered as statistically significant (bold font). The mean length of follow-up was

as follows: 8.2 years for incident type 2 diabetes, 6.0 years for new drug-treated hypertension, and 7.2 years for CVD events and total mortality.

doi:10.1371/journal.pone.0166584.t003
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Discussion

In our follow-up study of the large population-based METSIM cohort we evaluated the associ-

ations of the FINDRISC with changes in insulin secretion, insulin sensitivity, insulin resistance

related traits and the risk of type 2 diabetes, drug-treated hypertension, CVD events, and total

mortality. We hypothesized that the FINDRISC is likely to be a marker of impaired insulin

secretion since insulin secretion defect is needed for the conversion to diabetes. Indeed, our

results demonstrated for the first time that the FINDRISC was significantly associated with

impairment in insulin secretion and insulin sensitivity, and adverse changes in insulin resis-

tance related traits (increases in BMI, waist, fat percentage, obesity, overweight, TGs, blood

pressure, and incident drug-treated hypertension). We also confirmed that the FINDRISC was

significantly associated with the risk of incident type 2 diabetes, CVD events, and total mortal-

ity [15,26,27].

Impaired insulin secretion and insulin resistance are the two major pathophysiological

defects in type 2 diabetes. Our findings that the FINDRISC predicts changes in insulin secre-

tion and insulin sensitivity gives evidence that this risk score reflects both major pathophysio-

logical defects needed for the conversion to type 2 diabetes. All eight components included in

the calculation of the FINDRISC were associated more strongly with insulin resistance than

with impaired insulin secretion. In agreement with this finding are our results showing that

the FINDRISC was also associated with adverse changes in insulin resistance related traits

(increases in BMI, waist, fat percentage) in our follow-up study of the METSIM cohort.

Decreases is insulin sensitivity and insulin secretion were largest for BMI and waist circumfer-

ence suggesting that these two obesity markers in the FINRISC are likely to be the most impor-

tant drivers for the conversion to diabetes.

The FINDRISC or its modifications have been applied in cross-sectional and prospective

studies as a tool to evaluate the risk of diabetes or hyperglycemia [28–30]. In previous studies

the FINDRISC has also predicted coronary heart disease, stroke and total mortality [31,32].

However, the predictive value of the FINDRISC for future drug-treated hypertension has not

been previously investigated. We demonstrated that the FINDRISC as a continuous and cate-

gorical variable is a significant predictor for future drug-treated hypertension, in addition to

incident type 2 diabetes and CVD events. The ability of the FINDRISC to predict drug-treated

hypertension was stronger than that of CVD events. This is likely explained by a strong associ-

ation of elevated blood pressure with insulin resistance [33,34].

The strength of our study is a large sample size and a long follow-up period. The limitation

of our study is that it included only middle-aged and elderly Finnish men, and therefore stud-

ies in woman, other populations and ethnic groups are needed to confirm our findings. Fur-

thermore, we applied validated surrogate markers of insulin sensitivity and insulin secretion.

Although direct measurements of insulin sensitivity and insulin secretion are more accurate,

the large sample size of our study did not allow us to perform these measurements.

In conclusion, we demonstrated that the FINDRISC is a simple tool for the detection of

early adverse changes in insulin secretion and insulin sensitivity which likely explain the con-

version to type 2 diabetes. We also showed that the FINDRISC predicts adverse changes in

insulin resistance related traits and the risk of drug-treated hypertension which may contribute

to elevated risk of CVD events.

Supporting Information

S1 Table. Associations of the Finnish Diabetes Risk Score (FINDRISC) with overweight
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based on anthropometric, dietary, and lifestyle factors to predict the development of type 2 diabetes.

Diabetes Care. 2007; 30: 510–515. doi: 10.2337/dc06-2089 PMID: 17327313

7. Doi Y, Ninomiya T, Hata J, Hirakawa Y, Mukai N, Iwase M et al. Two risk score models for predicting

incident Type 2 diabetes in Japan. Diabet Med. 2012; 29: 107–114. doi: 10.1111/j.1464-5491.2011.

03376.x PMID: 21718358

8. 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: 443–450. doi: 10.1007/s00125-008-1232-4 PMID: 19057891

9. Stern MP, Williams K, Haffner SA. Identification of persons at high risk for type 2 diabetes mellitus: Do

we need the oral glucose tolerance test? Ann Intern Med. 2002; 136: 575–581. PMID: 11955025

10. Meigs JB, Shrader P, Sullivan LM, McAteer JB, Fox CS,Dupuis J et al. Genotype score in addition to

common risk factors for prediction of type 2 diabetes. N Engl J Med. 2008; 359: 2208–2219. doi: 10.

1056/NEJMoa0804742 PMID: 19020323

11. Wang JJ, Stancakova A, Kuusisto J, Laakso M. Identification of Undiagnosed Type 2 Diabetic Individu-

als by the Finnish Diabetes Risk Score and Biochemical and Genetic Markers: A Population-Based

Study of 7232 Finnish Men. J Clin Endocrinol. 2010; 95: 3858–3862.

12. Lindstrom J, Tuomilehto J. The diabetes risk score: a practical tool to predict type 2 diabetes risk. Diabe-

tes Care. 2003; 26: 725–731. PMID: 12610029

13. Saaristo T, Peltonen M, Lindstrom J, Saarikoski L, Sundvall J, Eriksson JG et al. Cross-sectional evalu-

ation 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. doi: 10.3132/dvdr.2005.011

PMID: 16305061

14. DeFronzo RA. Pathogenesis of type 2 diabetes mellitus. Med Clin North Am. 2004; 88:787–835. doi:

10.1016/j.mcna.2004.04.013 PMID: 15308380

15. Lillioja S, Mott DM, Spraul M, Ferraro R, Foley JE, Ravussin E et al. Insulin resistance and insulin secre-

tory dysfunction as precursors of non-insulin-dependent diabetes mellitus. Prospective studies of Pima

Indians. N Engl J Med. 1993; 329: 1988–1992. doi: 10.1056/NEJM199312303292703 PMID: 8247074

16. Reaven GM. Banting lecture 1988. Role of insulin resistance in human disease. Diabetes. 1988; 37:

1595–1607. PMID: 3056758

17. Laakso M, Kuusisto J. Insulin resistance and hyperglycaemia in cardiovascular disease development.

Nat Rev Endocrinol. 2014; 10: 293–302. doi: 10.1038/nrendo.2014.29 PMID: 24663222

18. Schwarz PE, Li J, Reimann M, Schutte AE, Bergmann A, Hanefeld M et al. The Finnish Diabetes Risk

Score is associated with insulin resistance and progression towards type 2 diabetes. J Clin Endocrinol

Metab. 2009; 94: 920–926. doi: 10.1210/jc.2007-2427 PMID: 19106274

19. Brodovicz KG, Dekker JM, Rijkelijkhuizen JM, Rhodes T, Mari A, Alssema M et al. The Finnish Diabetes

Risk Score is associated with insulin resistance but not reduced beta-cell function, by classical and

model-based estimates. Diabet Med. 2011; 28: 1078–1081. doi: 10.1111/j.1464-5491.2011.03315.x

PMID: 21843304

20. Kahn SE. The relative contributions of insulin resistance and beta-cell dysfunction to the pathophysiol-

ogy of Type 2 diabetes. Diabetologia. 2003; 46: 3–19. doi: 10.1007/s00125-002-1009-0 PMID:

12637977

21. Stancakova A, Javorsky M, Kuulasmaa T, Haffner SM, Kuusisto J, Laakso M. Changes in insulin sensi-

tivity and insulin release in relation to glycemia and glucose tolerance in 6,414 Finnish men. Diabetes.

2009; 58: 1212–1221. doi: 10.2337/db08-1607 PMID: 19223598

22. American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care. 2013;

36 Suppl: S67–74.

23. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD et al. Third universal definition

of myocardial infarction. Eur Heart J. 2012; 33: 2551–2567. doi: 10.1093/eurheartj/ehs184 PMID:

22922414

24. European Stroke Initiative Executive C, Committee EW, Olsen TS, Langhorne P, Diener HC, Hennerici

M et al. European Stroke Initiative Recommendations for Stroke Management-update 2003. Cerebro-

vasc Dis. 2003; 16: 311–337. PMID: 14584488

25. Matsuda M, DeFronzo RA. Insulin sensitivity indices obtained from oral glucose tolerance testing: com-

parison with the euglycemic insulin clamp. Diabetes Care. 1999; 22: 1462–1470. PMID: 10480510

Finnish Diabetes Risk Score and Type 2 Diabetes

PLOS ONE | DOI:10.1371/journal.pone.0166584 November 16, 2016 11 / 12

http://www.ncbi.nlm.nih.gov/pubmed/15855587
http://dx.doi.org/10.2337/dc06-2089
http://www.ncbi.nlm.nih.gov/pubmed/17327313
http://dx.doi.org/10.1111/j.1464-5491.2011.03376.x
http://dx.doi.org/10.1111/j.1464-5491.2011.03376.x
http://www.ncbi.nlm.nih.gov/pubmed/21718358
http://dx.doi.org/10.1007/s00125-008-1232-4
http://www.ncbi.nlm.nih.gov/pubmed/19057891
http://www.ncbi.nlm.nih.gov/pubmed/11955025
http://dx.doi.org/10.1056/NEJMoa0804742
http://dx.doi.org/10.1056/NEJMoa0804742
http://www.ncbi.nlm.nih.gov/pubmed/19020323
http://www.ncbi.nlm.nih.gov/pubmed/12610029
http://dx.doi.org/10.3132/dvdr.2005.011
http://www.ncbi.nlm.nih.gov/pubmed/16305061
http://dx.doi.org/10.1016/j.mcna.2004.04.013
http://www.ncbi.nlm.nih.gov/pubmed/15308380
http://dx.doi.org/10.1056/NEJM199312303292703
http://www.ncbi.nlm.nih.gov/pubmed/8247074
http://www.ncbi.nlm.nih.gov/pubmed/3056758
http://dx.doi.org/10.1038/nrendo.2014.29
http://www.ncbi.nlm.nih.gov/pubmed/24663222
http://dx.doi.org/10.1210/jc.2007-2427
http://www.ncbi.nlm.nih.gov/pubmed/19106274
http://dx.doi.org/10.1111/j.1464-5491.2011.03315.x
http://www.ncbi.nlm.nih.gov/pubmed/21843304
http://dx.doi.org/10.1007/s00125-002-1009-0
http://www.ncbi.nlm.nih.gov/pubmed/12637977
http://dx.doi.org/10.2337/db08-1607
http://www.ncbi.nlm.nih.gov/pubmed/19223598
http://dx.doi.org/10.1093/eurheartj/ehs184
http://www.ncbi.nlm.nih.gov/pubmed/22922414
http://www.ncbi.nlm.nih.gov/pubmed/14584488
http://www.ncbi.nlm.nih.gov/pubmed/10480510


26. Laakso M, Sarlund H, Salonen R, Suhonen M, Pyorala K, Salonen JT et al. Asymptomatic atherosclero-

sis and insulin resistance. Arterioscler Thromb. 1991; 11: 1068–1076. PMID: 2065028

27. Lorenzo C, Wagenknecht LE, D’Agostino RB Jr, Rewers MJ, Karter AJ, Haffner SM. Insulin resistance,

beta-cell dysfunction, and conversion to type 2 diabetes in a multiethnic population: the Insulin Resis-

tance Atherosclerosis Study. Diabetes Care. 2010; 33: 67–72. doi: 10.2337/dc09-1115 PMID:

19808919

28. Tankova T, Chakarova N, Atanassova I, Dakovska L. Evaluation of the Finnish Diabetes Risk Score as

a screening tool for impaired fasting glucose, impaired glucose tolerance and undetected diabetes. Dia-

betes Res Clin Pract. 2011; 92: 46–52. doi: 10.1016/j.diabres.2010.12.020 PMID: 21242013

29. Makrilakis K, Liatis S, Grammatikou S, Perrea D, Stathi C, Tsiligros P et al. Validation of the Finnish dia-

betes risk score (FINDRISC) questionnaire for screening for undiagnosed type 2 diabetes, dysglycae-

mia and the metabolic syndrome in Greece. Diabetes Metab. 2011; 37: 144–151. doi: 10.1016/j.diabet.

2010.09.006 PMID: 21144787

30. Ku GM, Kegels G. The performance of the Finnish Diabetes Risk Score, a modified Finnish Diabetes

Risk Score and a simplified Finnish Diabetes Risk Score in community-based cross-sectional screening

of undiagnosed type 2 diabetes in the Philippines. Prim Care Diabetes. 2013; 7: 249–259. doi: 10.1016/

j.pcd.2013.07.004 PMID: 23953706

31. Bianchi C, Pucci L, Agostini A, Lucchesi D, Storti E, Penno G et al. FINDRISC (Finnish Diabetes Risk

Score) Predicts Diabetes Risk and Cardiovascular Risk in an Italian Population. Diabetes. 2009; 58:

A257–A257.

32. Silventoinen K, Pankow J, Lindstrom J, Jousilahti P, Hu G, Tuomilehto J. The validity of the Finnish Dia-

betes Risk Score for the prediction of the incidence of coronary heart disease and stroke, and total mor-

tality. Eur J Cardiovasc Prev Rehabil. 2005; 12: 451–458. PMID: 16210931

33. Soleimani M. Insulin resistance and hypertension: new insights. Kidney Int. 2015; 87: 497–499. doi: 10.

1038/ki.2014.392 PMID: 25723632

34. Nakamura M, Yamazaki O, Shirai A, Horita S, Satoh N, Suzuki M. Preserved Na/HCO3 cotransporter

sensitivity to insulin may promote hypertension in metabolic syndrome. Kidney Int. 2015; 87: 535–542.

doi: 10.1038/ki.2014.351 PMID: 25354240

Finnish Diabetes Risk Score and Type 2 Diabetes

PLOS ONE | DOI:10.1371/journal.pone.0166584 November 16, 2016 12 / 12

http://www.ncbi.nlm.nih.gov/pubmed/2065028
http://dx.doi.org/10.2337/dc09-1115
http://www.ncbi.nlm.nih.gov/pubmed/19808919
http://dx.doi.org/10.1016/j.diabres.2010.12.020
http://www.ncbi.nlm.nih.gov/pubmed/21242013
http://dx.doi.org/10.1016/j.diabet.2010.09.006
http://dx.doi.org/10.1016/j.diabet.2010.09.006
http://www.ncbi.nlm.nih.gov/pubmed/21144787
http://dx.doi.org/10.1016/j.pcd.2013.07.004
http://dx.doi.org/10.1016/j.pcd.2013.07.004
http://www.ncbi.nlm.nih.gov/pubmed/23953706
http://www.ncbi.nlm.nih.gov/pubmed/16210931
http://dx.doi.org/10.1038/ki.2014.392
http://dx.doi.org/10.1038/ki.2014.392
http://www.ncbi.nlm.nih.gov/pubmed/25723632
http://dx.doi.org/10.1038/ki.2014.351
http://www.ncbi.nlm.nih.gov/pubmed/25354240

