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Abstract

Background Prevalence of prediabetes and type 2 diabetes mellitus (T2DM) is increasing worldwide. The objective
of this study was to determine the proportion of people in Northern Iceland with prediabetes, at risk of developing
T2DM or with manifest undiagnosed T2DM, as this information is lacking in Iceland.

Methods A cross-sectional study. Clients of the three largest primary health care centres in the Health Care Institu-
tion of North Iceland (HSN) were invited to participate if fulfilling the following inclusion criteria: a) aged between 18
and 75years, b) not diagnosed with diabetes, c) speaking and understanding Icelandic or English fluently and d) living
in the included service area.

Data collection took place via face-to-face interviews between 1 March 2020 and 15 May 2021. Participation included
answering the Finnish Diabetes Risk Score (FINDRISC), measuring the HbA1c levels and background information.

Results Of the 220 participants, 65.9% were women. The mean age was 52.1years (SD = 14.1) and FINDRISC scores
were as follows: 47.3% scored <8 points, 37.2% scored between 9 and 14 points, and 15.5% scored between 15 and
26 points. The mean HbA1c levels in mmol/mol, were 35.5 (SD = 3.9) for men and 34.4 (SD = 3.4) for women, ranging
from 24 to 47. Body mass index >30kg/m? was found in 32% of men and 35.9% of women. Prevalence of prediabetes
in this cohort was 13.2%. None of the participants had undiagnosed T2DM. Best sensitivity and specificity for finding
prediabetes was by using cut-off points of >11 on FINDRISC, which gave a ROC curve of 0.814.

Conclusions The FINDRISC is a non-invasive and easily applied screening instrument for prediabetes. Used in
advance of other more expensive and invasive testing, it can enable earlier intervention by assisting decision making,
health promotion actions and prevention of the disease burden within primary health care.

Trial registration This study is a pre-phase of the registered study “Effectiveness of Nurse-coordinated Follow up
Program in Primary Care for People at risk of T2DM" at www.ClinicalTrials.gov (NCT01688359). Registered 30 December
2020.
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Introduction

Type 2 diabetes mellitus (T2DM) is among the fastest
growing challenges to good health [1, 2]. Prevalence has
tripled worldwide the last twenty years [3]. Today, over
463 million people are estimated to be living with diabe-
tes [4], by 2030, 478 million over 18years will have the
disease [3], and 700 million by 2045 [5].

T2DM is the most common type of diabetes, often
characterized by a silent onset of increased insulin resist-
ance or lack of insulin production [4]. T2DM accounts
for over 90% of diabetes cases [4, 6]. There is often a
time lag between onset and formal diagnosis [7]. In the
United States (U.S.), average interval between the onset
of T2DM and diagnosis was found to be 7 years [8], and it
is claimed that up to 30% of people with T2DM are undi-
agnosed [8]. The International Diabetes Federation (IDF)
estimates that up to half of cases (49.7%) may not know
that they have the disease [3].

A study on prevalence of diabetes by the Icelandic
Heart Association from 1967 to 2007 found one out of
three people with T2DM were unaware of their condi-
tion, when measuring fasting blood glucose [9, 10]. This
included data from several population studies: 17,757
people aged 45-64years for T2DM and three additional
studies of 20,519 people for BMI [9, 10]. Unaware-
ness of T2DM may increase the risk of chronic diabetes
complications [11-13]. Those complications, for exam-
ple, coronary arterial disease, renal failure, and blind-
ness, may reduce the health-related quality of life for
the individual [14], while society pays a high price due
to impaired working capacity and high medical costs [3,
15]. If untreated, early onset T2DM may confer a higher
lifetime cardiovascular and premature death risk com-
pared to later onset of the disease [16]. The development
of T2DM is the result of interaction between multiple
environmental, socioeconomic, and genetically driven
causes, changes toward a more sedentary lifestyle and
less healthy diet choices [3, 17-19].

A strong connection has been found between T2DM
and obesity [20, 21] Research indicates that obesity
affects insulin resistance, and certain metabolites may
show connection to both T2DM and obesity [22]. Until
1981, the mean BMI in Iceland was under 25 in all age
groups (25-75years) [9]. Between 1968 and 2012, the
BMI of those aged between 50 and 69years increased by
11% for men and 8% for women [9]. Data from the Icelan-
dic Heart Association survey of 17,757 Icelandic people
between 1967 and 2007 showed that four out of five peo-
ple with T2DM were obese [9]. The prevalence of T2DM
in Iceland more than doubled in both men and women
between 2005 and 2018 [23].

Prediabetes is a state of elevated glucose levels in the
blood, without reaching the diagnostic blood glucose
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levels of T2DM [2]. The prevalence of prediabetes has
risen in England, for example, from 11.6% in 2003 to
35.3% in 2011 [24]. In the U.S., biomarkers of predia-
betes are found in about 25% of young adults [25]. A
recent meta-analysis by Barry et al., showed that when
combining data from five studies in middle-aged par-
ticipants, that used both the WHO and ADA definition,
the overall overlap prevalence of prediabetes was 27%
[26]. The number of people with prediabetes in Iceland
is unknown. Earlier Icelandic studies on the prevalence of
T2DM have mostly used data from the capital area [23].

Emerging evidence from well-designed randomised
controlled trials (RCTs) has shown that lifestyle inter-
vention with or/without pharmacological treatment can
prevent or delay the onset of T2DM among people at the
prediabetes stage [9, 18, 27]. Finding those at risk earlier
may be a way to reduce the disease burden, complica-
tions and cost for both individuals and society [4, 11, 28].
The American Diabetes Association (ADA) recommends
screening people at risk of developing T2DM at least
every third year and yearly after reaching 45years [20].
The availability of suitable tools in the primary health
care (PHC) for early identification is one of the biggest
challenges in promoting health and disease prevention
[11, 29]. A non-invasive screening test for risk assess-
ment, such as The Finnish Diabetes Risk Score (FIN-
DRISC), may be a useful tool to find undiagnosed and
those at risk for developing T2DM |5, 30].

Accordingly, the objective of this study was to identify
people with prediabetes or undiagnosed T2DM in North-
ern Iceland and to determine the usability of FINDRISC
as a screening tool in Icelandic PHC, by comparing the
results of HbAlc measurement to the FINDRISC score
by calculating sensitivity and specificity of FINDRISC.

Methods

Study design and settings

This was a cross-sectional study conducted within the
Health Institution of North Iceland (HSN). The HSN
runs 18 PHC centres and 4 small hospitals in the North-
ern Iceland, serving around 36,000 inhabitants or around
10.4% of the total population of 368,792 inhabitants in
Iceland (as of 1 January 2021) [31]. The study’s settings
were the three largest PHC centres in the HSN. Located
in Saudarkrokur, Akureyri and Husavik, they serve over
half of the total population in the Northern part of Ice-
land. Primary health care in Iceland is funded by the
state, although non-pensioners pay a small fee to visit the
doctor or nurse (this was approximately 3.90 US$/3.60
€ in 2021). A routine health check-up with a doctor or
a nurse is not standard in the PHC system, except for
maternity care and infant protection programmes.



Arnardéttir et al. BMC Public Health (2023) 23:211

During the Covid-19 pandemic, only those with acute
medical needs were allowed into PHC centres.

Study population

All inhabitants living in the three study areas were eligible
for the study if they were aged between 18 and 75years,
had not been diagnosed with diabetes, and spoke and
understood Icelandic or English fluently. Around 17,600
inhabitants living in the service areas of the three PHCs
fulfilled the age criteria. Exclusion criteria was diagnosed
with T1DM or with active treatment of T2DM.

Data collection

All data were collected in one-to-one interviews by the
first author (EA). Data collection took place between
February 2020 and May 2021. The original plan of
approaching participants at the three participating PHC
centres had to be changed as a result of strict restrictions
on all unnecessary visits to the PCH centres due to the
Covid-19 pandemic. Therefore, the first 101 participants
were recruited via introduction letters handed out by a
receptionist when they came for a visit to the PHC centre
between February and May 2020. The remaining 119 par-
ticipants were recruited via flyers and advertisements in
local papers from January to May 2021.

The letters, advertisements and flyers gave informa-
tion about the study and contact information for the first
author. Participants who were approached at the PCH
centres met the first author for data collection after their
pre-booked appointment with their nurse or doctor at
the PHC centre. However, participants recruited through
advertisements or flyers, contacted the first author via
phone, SMS, or e-mail. The first author then briefed
them about the study and sent them in advance a copy
of the introduction letter via e-mail. If that was not pos-
sible, the introduction letter was handed to participants
before data collection at the prearranged time. Those
who did not show up at the prearranged time for data
collection were offered new appointments twice more
but were then seen as unwilling to participate. Data from
the participants were collected at the local PHC centres
in Huasavik and Saudarkrékur. In Akureyri, data were col-
lected at the research centre.

Biological and demographical measurements

Biological measurements were conducted by the first
author and information on the results was given to each
participant at the end of the data collection interview.
BMI was calculated by weighing participants on a digital
scale, in light clothing without shoes, to the nearest 100 g,
and measuring their height to the nearest 0.1cm with a
portable measuring tape. Waist circumference was meas-
ured 2cm above navel, with measuring tape of 1,5m or
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3 m capacity, constancy of both tapes was measured reg-
ularly. The HbA1lc levels were analysed by a DCA Van-
tage® analyser, that is clinically proven correlating with
lab methods [32], using capillary blood samples, and the
device was calibrated according to instructions.

Participants answered the FINDRISC [33, 34] and gave
additional background information on age, gender, edu-
cational level, occupation and living status using a laptop
computer. They were offered paper as an alternative way
to answer the questions and five participants requested
this option. Another five participants informed the
researcher that they had reading difficulties. For these
participants, the questions were read out aloud, but the
participants marked down their answers.

Definition of diabetes, prediabetes and the HbA1c
measurements

Prediabetes is manifested and diagnosed by impaired
fasting glucose (IFG) of 5.6 to 6.9 mmol/L, an impaired
two-hour plasma glucose with 75 g oral glucose tolerance
test (OGTT) results of 7.8 to 11.0mmol/L or, as used
here, elevated levels of glycated haemoglobin (HbAlc)
[35]. HbAlc is a test of glycated haemoglobin that is
approved by the World Health Organization (WHO) as
a diagnostic test of diabetes [1, 2]. The ADA definition of
prediabetes was used in this study [20]. As participants
with HbAlc levels between 39 and 47 mmol/mol (5.7—
6.4%) were classified as having prediabetes but, those
with HbAlc levels of >48 mmol/mol (>6,5%) as having
T2DM [17, 35].

Instrument
FINDRISC is a commonly used instrument, designed to
screen for unidentified diabetes and to identify people
with an elevated risk of developing T2DM within the next
10 years [19, 33]. It was developed in Finland between
1987 and 1992 and is claimed to be the most frequently
used diabetes risk screening instrument worldwide [36].

The FINDRISC instrument includes eight questions
on age, gender, BMI, waist circumference, daily physi-
cal activity, consumption of fruit and vegetables, history
of high blood pressure, pervious history of diabetes and
family history of diabetes [33, 34]. Scores range from 0
to 26 points. A higher score represents a higher risk of
developing the disease within the next 10years. A score
of under 7 points is regarded as low risk (1:100), 7-11
points represent a slightly elevated risk (1:25), 12-14
points indicate a moderate risk (1:6), over 15 points a
high risk (1:3) and over 20 points (1:2) a very high risk
[34].

FINDRISC is easy to use, non-invasive, inexpensive,
includes modifiable risk factors such as diet, physical
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activity, and body weight [19]. It has been validated in
several populations [37, 38], as well as in Iceland [39].

Statistical analysis

Descriptive statistics were used for calculating means,
standard deviations, and ranges to describe continuous
variables. For categorical variables, counts and propor-
tions were used. Comparison of the sample characteris-
tics was preformed using t-tests for continuous variables
and chi-square tests for categorical variables. BMI calcu-
lations were done for each participant using the Micro-
soft Excel calculator and correlation for BMI and HbAlc
results.

Chi-square tests were used to calculate the sensitiv-
ity and specificity of different FINDRISC points using
the HbAlc results of all participants. Participants were
divided into two groups: one with normal Hbalc levels
and one with prediabetes levels of HbAlc.

When analysing the utility of FINDRISC to predict
the future risk of developing T2DM or prediabetes in
this cohort the receiver-operating characteristic (ROC)
curves were constructed, by using different cut-off
points of FINDRISC. Area under the ROC curve or
AUC presents how well test, here FINDRISC, is capa-
ble to differentiate between cases, here prediabetes or
not. An AUC of 1.0 indicates perfect test accuracy with
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neither false positives nor false negatives. However, an
AUC curve of 0.5 indicates that the results are no better
than chance. With FINDRISC, the best cut-off points to
identify prediabetes were those with the shortest dis-
tance to the upper left corner of the ROC curve [36].

The dataset was analysed with IBM SPSS statistics
27. Missing data, if applicable were excluded listwise.
Significant statistical difference two tailed was set at
p <0.05.

Ethical considerations

The Icelandic National Bioethics Committee (VSN)
(VSN-19-080-S1 approved 14/05/2019 and VSN-19-
080-V1 approved 14/01/2020), also the Senior manage-
ment of HSN, approved the research. All participants
signed an informed consent form before participating
in the study.

Results

Participants and background information

The background information of participants is described
in Table 1. Mean age was 52.1 (SD+14.1, range from 18
to 75) years, and women were 65.9%. Almost half of the
participants had completed a university degree.

Table 1 Background information by gender, age, living status, educational level, occupational status, and residency

Total Men Women
(n =220) (n=75) (n =145)
Mean age in years (18-75 years) 521 (SD£14.7) 527 518
(SD£13.7) (SD£14.3)
Living status n (%) n (%) n (%)
Living alone 17(7.7) 6 (8.0) 11(76)
Living with one other person 99 (45.0) 36 (48.0) 63 (43.4)
Living with two or more persons 102 (46.4) 32(42.7) 70 (48.3)
Living status missing 2 (0.9) 1(1.3) 1(0.7)
Educational level n (%) n (%) n (%)
Elementary school/junior high school or equal 52 (23.6) 15 (20.0) 37 (25.5)
Upper secondary school/vocational training/senior high school 65 (29.5) 30 (40.0) 35 (24.1)
or equal
University degree 101 (45.9) 29 (38.7) 72 (49.7)
Educational level missing 2(0.9) 1(1.3) 1(0.7)
Occupational status n (%) n (%) n (%)
Working partly or full time 174 (79.1) 61(81.3) 113 (77.9)
Unemployed 6(2,7) 2(2.7) 4(2,8)
Pensioner (disabled/elderly pensioner) 34 (15.5) 12 (16.0) 22 (15.2)
Other 6(2.7) 0(0.0) 6 (4.1)
PHC centre n (%) n (%) n (%)
Akureyri 109 (49.5) 39(35.8) 70 (64,2)
Husavik 40 (18.2) 13(32.5) 27 (67.5)
Saudarkrokur 71(323) 23(324) 48 (67.6)
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HbA1c levels

The HbAlc levels are shown in Table 2. Levels ranged
from 24 to 47 mmol/mol. None was found with HbAlc
at diabetes level. A total of 29 participants (13.2%) were
measured with the ADA definition of prediabetes at
39—47 mmol/mol, of these, 14 were men and 15 women.
The normal HbA1c group had mean levels of 33.8 mmol/
mol (SD+2.7). Contrast showed for the people with pre-
diabetes HbAlc level had mean levels of 41.5mmol/mol
(SD +2.2). No significant difference in HbA1lc was identi-
fied between genders, although a tendency toward higher
HbA1lc levels in men was observed (p=0.056).

Body Mass Index

BMI ranged from 18.5 to 48.2kg/m? with a mean 28.8
(SD #5.4) and median 27.7 kg/m?% Results showed that
39.1% were overweight (25-30kg/m?) and obesity (>
30kg/m?) was found in 34.5% of participants, 5% had
severe obesity of BMI over 40kg/m?. No significant dif-
ference in BMI was found regarding to gender (p =0.982).
The BMI scores among the 29 participants with prediabe-
tes ranged between a minimum of 24.4 kg/m? and a maxi-
mum of 48.2kg/m® with a mean of 32.3kg/m? (SD £5.7).
BMI scores among the 191 participants who did not have
elevated HbAlc levels ranged between 18.5kg/m? and
43.6 with a mean of 28.3kg/m? (SD+5.2). There was a
significant positive correlation between BMI and HbAlc
levels for all participants: r (5,5 =0.146, p=0.044.

FINDRISC scores

The characteristics of FINDRISC according to gender are
reported in Table 3. One in five (21.4%) had first degree
relatives with T2DM. A significant difference between
gender was only found in the daily consumption of fruit
and vegetables, in favour of women (p =0.004). There was
no significant gender difference in FINDRISC score, with
a mean score for men of 9.0 (SD +5.3) and for women of
9.7 (SD+4.9), p=0.332. However, there was a significant
difference between the normal HbAlc group (n=191)
and the prediabetes group (n=29) with FINDRISC

Table 2 HbATc level of the participants according to gender,
number and (percentage)

HbA1c Level Total Men Women
mmol/mol n (%) n (%) n (%)

24-38 191 (86.8) 61(81.3) 130 (89.7)

39 5(23) 2(2.7) 3(2.1)

40-41 12 (5.5) 9(12.0) 3.0

42-47 12 (5.5) 3(4.0) 9(6.2)

Lowest level 24 25

Mean 3548 (SD+£3.92) 3444 (SD+£3.55)
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scores of 8.6 (SD +4.5, range 0-22) points and 14.7
(SD+5.2, range 3—24) points, respectively (p <0.001).

Sensitivity and specificity

Table 4 shows the results of sensitivity and specificity cal-
culations for different cut-off points of FINDRISC from
9 tol5 points, with FINDRISC set as an outcome in the
sensitivity and specificity calculation using the HbAlc
level of prediabetes/not prediabetes as criteria. Best sen-
sitivity (93.1%) of FINDRISC was found at >9 points,
finding 27 of 29 participants with HbAlc levels at pre-
diabetes value, but specificity was low only 53.4%. Using
cut-off value of >11 or > 12 points gave a little lower sen-
sitivity (79.3 and 75.9% respectively) but better specific-
ity (67 and 73.3% respectively) with fewer false positive.
Using >15 points on FINDRISC resulted in a sensitivity
of only 41.4%, missing more than half of those with a pre-
diabetes HbAlc value, though the specificity was high
(88.5%).

By using >11 points as cut-off value of FINDRISC,
calculations of the ROC curve showed area under the
curve (AUC) to be 0.814, with 95% confidence interval
(CI), lower bound of 0.733, an upper bound of 0.895 and
standard error of 0.041. The result indicated that the best
accuracy of finding people with prediabetes in this study
was a FINDRISC score of >11 points, which gave the
value closest to the upper left corner of the ROC curve.

Discussion

This is the first study of prediabetes and undiagnosed
T2DM prevalence in Iceland using both measurements
of HbAlc level and FINDRISC score. Although none
of the participants in our study was found with undiag-
nosed diabetes, 13.2% had biomarkers of prediabetes.
Our sample was similar to the general population in the
three study areas according to age and educational level,
but this was not the case with the gender ratio. In our
study, 65.9% of the participants were women, whereas the
ratio in the general population is even [40]. The fact that
fewer men than women participated in the study may
partly explain why no participants were found with undi-
agnosed T2DM as more men than women are diagnosed
with T2DM [23].

If the results are representative for the prevalence of
prediabetes in the Northern Iceland areas of the study,
this gives us a cautious indication that approximately
2300 of 17,600 inhabitants, within the age limits of
the study and more men than women, may unknow-
ingly have biomarkers of prediabetes. This is a cautious
indication as the calculation of the confidence level of
the sample size gave an 85% confidence level with a
5% margin of error, which indicates that up to 35,000
of approximately 266,000 inhabitants in Iceland, aged
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Table 3 Overall FINDRISC scoring and according to gender
Scoring Overall Gender P
Points (P) (n =220)
Men Women
(n=75) (n=145)
Age n (%) n (%) n (%) 982
18-44 years (0P) 56 (25.5) 18 (24.1) 38(26.2)
45-54years (2P) 56 (25.5) 19 (25.3) 37 (25.5)
55-64years 3P 55(25.0) 19 (25.3) 36 (24.8)
65years and older “4PpP) 53(24.1) 19 (25.3) 34 (23.5)
BMI 838
<25 kg/m2 (0P) 58 (264) 21(28.0) 37(25.5)
25-30kg/m? 86 (39.1) 30 (40.0) 56 (38.6)
>30kg/m? (3P) 76 (34.5) 24 (32.0) 52(35.9)
Waist circumference (2 cm above navel)
Men <94cm/Women <80cm (0P) 63 (28.6) 30 (40.0) 33(228)
Men 94-102 cm/Women 80-88cm 49 (22.3) 14 (18.7) 35 (24.1)
Men >102cm/Women >88cm 108 (49.1) 31(41.3) 77 (53.1)
Physically active > 30 min/daily 672
Yes (OP) 203 (92.3) 70(93.3) 133(91.7)
No 2P) 17.(7.7) 5(6.7) 12(83)
Fruit & vegetables daily .004°
Every day (0P 140 (63.6) 38(50.7) 102 (70.3)
Not every day 80 (36.4) 37 (49.3) 43 (29.7)
Use of blood pressure medicine 085
No (OP) 165 (75.0) 51(68.0) 114 (78.6)
Yes 55 (25.0) 24 (32.0) 31 (21.4)
History of high blood glucose (including gesta- 130
tion diabetes)
No (0P 192 (87.3) 69 (92.0) 123 (84.8)
Yes 28(12.7) 6 (8.0) 22(15.2)
Family history of diabetes 743
Non (0P 138 (62.7) 48 (64.0) 90 (62.1)
First degree relatives 3P 47 (21.4) 17 (22.7) 30 (20.7)
Second degree relatives (5P) 35(15.9) 10(13.3) 25(17.3)
FINDRISC SCORE 733
<8 104 (47.3) 37 (49.4) 67 (46.2)
9-11 43(19.5) 16 (21.3) 27 (18.6)
12-14 39(17.7) 13(17.3) 26 (17.9)
15-20 27 (12.3) 6 (8.0) 21(14.5)
21-26 7(3.2) 3(4.0) 4(2.8)

2 Significant at the <0.05 level

between 18 and 75years as of 1 January 2021 [31], may
show biomarkers of prediabetes. That is nearly equal to
the total population of North Iceland. As this is the first
study to assess prediabetes in Iceland, we are unable to
compare our results with other results or other areas in
Iceland. Here, the prevalence of prediabetes was lower
than reported in a cross-sectional study in the Faroe
Islands conducted in the years 2011-12, using HbAlc
measurements followed by the non-fasting and fasting

glucose and oral glucose tolerance test (OCTT). That
study found that the prevalence of prediabetes was
22.3% in the age group of 44—77 years, with prevalence
increasing with age [41]. The NANES cross-sectional
survey estimated that the prevalence of prediabetes in
the U.S. might be up to 38.6% in 2017 [42]. The fact that
our sample included fewer men than in the general pop-
ulation in the area may partly explain why the preva-
lence of prediabetes was low. Also, that the participants
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Table 4 Sensitivity and specificity of FINDRISC in predicting
prediabetes risk, using cut-off-points at: >9, >10, >11, >12, >13,
>14 or>15 points and HbATc level 39 -47mmol/mol as value
for prediabetes

FINDRISC SCORE Sensitivity Specificity
true positive true negative
>9 points 93.1% 53.4%
>10 points 79.3% 67.0%
>11 points 79.3% 67.0%
>12 points 75.9% 73.3%
>13 points 69.0% 81.2%
>14 points 55.2% 83.8%
>15 points 41.4% 88.5%

were self-selected and had high educational level may
have influenced the results. It should be kept in mind
that the incidence of T2DM in Iceland is increasing.
Research results using data on prescribed medicine for
T2DM estimate that 10,600 individuals had T2DM in
the year 2018 and that by 2040 up to 24,000 individuals
may have the disease [43].

Obesity has been linked to an increased diabetes risk
[21], and was found in 34.5% of the participants. That is
much higher than earlier Icelandic results. The restric-
tion on unnecessary visits to PHC centres during the
Covid-19 pandemic may partly explain the high obesity
figures. In 2007, obesity was found in 20% of Icelanders,
whereas it was 27% in 2017, giving Iceland a ranking
of number two in the prevalence of obesity within the
OECD countries [43]. Earlier research indicates that
women living outside the capital area in Iceland are
more likely to be obese [44]. Public health care needs to
find ways to reverse this trend by increasing awareness
of the adverse consequences of obesity for the health of
the population.

The results of our ROC curve calculations showed
that the optimal cut-off point on FINDRISC was at >11
points, with AUC at 0.814, indicating the best sensitiv-
ity and specificity for predicting the risk of prediabetes
in the sample. Our results are comparable to results
from the HUNT study in Norway which suggests using
>11 points on FINDRISC as the cut-off point for pre-
dicting risk of T2DM [45]. Other research suggests
different cut-off points. Meijnikman et al. claim that a
score of >13 points have the best sensitivity and speci-
ficity in overweight or obese people [36]. Using FIN-
DRISC in a Lebanese University, Abdallah et al. found
that the best cut-off score was >9.5 points for prediabe-
tes and > 10.5 points for undiagnosed T2DM [46]. The
HUNT study and our study used a population-based
sample to analyse the best cut-off score. In addition, the
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health care systems in the Nordic countries are similar
[43]. However, validation of the best cut-off score for
each population should be confirmed [36].

FINDRISC is non-invasive and easily applied instru-
ment within PHC to identify those that may benefit
from intervention for health promotion [38, 46]. The
results showed higher mean scores on FINDRISC for
the group with HbA1c levels of prediabetes compared
to the group with normal HbA1lc levels. But within the
normal HbAlc group, FINDRISC scores of up to 22
points were found, indicating an up to 50% likelihood of
developing T2DM in the next 10 years. It can therefore
be recommended that health care providers in PHC use
FINDRISC to screen for elevated risk of T2DM among
their clients aged between 18 and 75years. Clients who
score > 11 points should also be examined by measur-
ing their HbAlc levels or blood glucose.

Those found with HbAlc levels of prediabetes should
be offered person-centred intervention towards life-
style change, led by PHC nurses, with the aim to lower
diabetes risk for the individual. Results of randomised
trials on the effects of nurse-led interventions to help
people at risk of or with T2DM, to move towards better
self-management and better control of HbAlc, show
signs of continuing benefits after the intervention is
over [18, 47].

WHO calls for preventive pathways to find people at
early stages of non-communicable diseases like predia-
betes is in T2DM [48]. Research shows that only part of
people with prolonged stage of elevated glycemia or pre-
diabetes progress to diabetic stage while others return
to normal glycemia [49-51]. It has been reported that
lifestyle changes may reduce the relative risk of progress-
ing from prediabetes to diabetes by 40 to 70% [52]. Prior
research indicates that physician’s attitude toward diabe-
tes prevention may make an impact on screening for and
treatment of prediabetes in PHC [53, 54]. It may not be
customary practice to treat people actively where predia-
betes is found [55]. However, screening to find those at
risk offers grounds for intervention and health promo-
tion as there may be time for patients to bring glycae-
mia levels back to normal [49-51]. Lifestyle changes that
minimise the risk of further development of prediabetes
are found to be cost-effective [20].

Strength of the study

All participants were measured by the same person, min-
imising differences between measurements. The sample
size is acceptable and representative according to the
total population. This is the first study in Northern Ice-
land to measure the prevalence of prediabetes and undi-
agnosed diabetes.
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Limitations

Due to the Covid-19 epidemic, the recruitment of par-
ticipants took longer than anticipated and the recruit-
ment plan had to be changed. The participants were
self-selected, not randomly assigned to the study. This
may have affected the study sample as the educational
level was high and more women than men participated,
although the gender ratio is almost equal in the study
population [40]. In addition, as the prevalence of pre-
diabetes was found to be lower compared to research
in other countries, there is a possibility that low prev-
alence here might have affected results of level of the
FINDRISC score of >11 points as screening for predia-
betes, therefore further research is needed.

FINDRISC has been criticised for not fully captur-
ing the impact of gender and age. It may identify more
women than men as high-risk individuals and there-
fore the cut-off points on FINDRISC may need to be
adjusted for gender [56]. This criticism was not sus-
tained in this study, but the uneven gender proportion
may explain why no gender difference was found in the
FINDRISC scores.

Conclusion

Prevalence of overweight and obesity was high in
this study. Despite the known increasing incidence of
T2DM and association of overweight and higher risk of
T2DM, this survey did not identify people with previ-
ously unknown T2DM. People found with biomarkers
of prediabetes were fewer than expected in comparison
to other countries. These favorable results may reflect
the solid health care in Iceland. Also, plausible raising
awareness of the importance of health promotion inter-
ventions within the Icelandic PHC.

FINDRISC is a short, non-invasive, easily applied
instrument that this study found useful in screen-
ing within PHC for people at risk of prediabetes. The
instrument can be used in advance of other more
expensive and invasive testing for prediabetes or undi-
agnosed T2DM to enable earlier intervention by assist-
ing decision making, health promotion actions toward
prevention of T2DM.

Key results
13.2% was found with prediabetes level of HbAlc, una-
ware of their condition.

FINDRISC is a non-invasive and an effective screen-
ing tool within the PHC to find people at prediabe-
tes level, using score of >11 to set as consideration of
further testing of HbAlc level or other more invasive
screening of T2DM.
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