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Aims: To develop and validate a non-invasive score for detecting undiagnosed impaired

fasting glucose (IFG) and type 2 diabetes (T2DM) in a Portuguese population.

Methods: We used data from 3,374 individuals aged 18–94 years from a Portuguese

cross-sectional study. We developed a logistic regression model for predicting IFG/T2DM

(diagnosed using fasting glucose). We externally validated the score using data from two

cohorts of the EPI-Porto study, cross-sectional (n = 2,131) and data from the 5 year follow-up

(n = 1,304).

Results: The final model included age, sex, BMI and hypertension with an area under the ROC

curve of 70.1 (95%CI 68.4, 71.7). Using a cut-point which classifies 50% of the EPI-Porto cross-

sectional data as high-risk gave sensitivity 73.2% (95%CI 68.5%, 77.6%), specificity 55.5%

(53.1%, 57.8%), positive predictive value (PPV) 27.0% (24.3%, 29.8%) and negative predictive

value (NPV) 90.2% (88.3%, 92.0%) for IFG/T2DM. Using the same cut-point on the prospective
rediction data classified 45% as high-risk; sensitivity 69.1% (63.4%, 74.4%), specificity 63.3% (60.0%,

66.5%), PPV 38.0% (33.9%, 42.4%), and NPV 86.2% (83.3%, 88.8%).

Conclusion: The Portuguese risk score can be used to identify those at high risk of both
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. Introduction
ype 2 diabetes (T2DM) is a growing world-wide problem. It is
stimated that 366 million people world-wide have diabetes
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(IGT). T2DM and IGR are associated with increased risk
of cardiovascular disease [3,4]. Both IGR and T2DM are
often asymptomatic, many cases remain undiagnosed and
therefore, untreated. The International Diabetes Federation
estimates that there are 183 million cases of undiagnosed dia-
betes world-wide [1].

The PREVDIAB study was the first population based dia-
betes prevalence study carried out in Portugal. The study
reported a prevalence of diabetes of 11.7%, with 5.1% being
previously undiagnosed [5]. The rates of IGR were much higher
at 23.3% (10.6% IFG); this demonstrates a large population at
risk of T2DM. Randomised controlled trials have shown that
progression from IGT to diabetes can be prevented through
lifestyle modification and that this is likely to be cost effective
[6,7]. Although data regarding prevention in those with IFG is
lacking, many bodies around the world are now recommen-
ding measuring fasting blood glucose alone as it is much less
resource intensive than a full oral glucose tolerance test [8,9].
Additionally utilising a low cut point for IFG (5.6 mmol/l versus
6.0 mmol/l) has also been shown to have a high level of sensi-
tivity (82%) for detecting IGT [10]. Early detection of those with
elevated glucose levels gives a window of opportunity for the
prevention of T2DM and the reduction of potential micro and
macro-vascular complications.

Population based screening offers an opportunity for early
case detection, but is expensive and impractical. Targeted
screening to high risk groups has been shown to be more effi-
cient, and results in a higher positive diagnostic yield than
testing the whole population [11–13]. One method of risk strat-
ifying a population is the use of risk scores. Self-assessment
scores are simple questionnaire based risk scores which allow
members of the public to calculate and interpret their own
risk of disease. Many self-assessment risk scores have been
developed world-wide [14–16], but validation studies show
that scores developed for a particular population often do not
perform well when used elsewhere [15].

The aim of this study was to develop and validate a simple
score which can be completed by a lay person for detecting
previously undiagnosed IFG and T2DM for use in a Portuguese
population.

2. Methods

2.1. Development data set

The data used to develop the risk score was taken from the
PORMETS cross-sectional study which was designed to estab-
lish the prevalence of the metabolic syndrome in mainland
Portugal [17]. Two primary health care centres from each of
the 18 Portuguese mainland districts were included, one from
the district’s capital and another representative of the non-
urban area (apart from Setubal where only one centre was
included). In each centre 120 participants were selected at ran-
dom for inclusion. A total of 4,105 participants were included

between February 2007 and July 2009. A structured question-
naire was given to each participant, collecting information on
personal medical history, socio-demographic and behavioural
characteristics.
s 7 ( 2 0 1 3 ) 11–18

Participants were considered current smokers if they
smoked daily or occasionally and an ex-smoker if they had
stopped smoking for at least 6 months. Regarding alcohol
intake, participants were categorised as an occasional drinker
if they had less than a drink per day, a daily drinker if they
have at least a drink per day and non-drinker if they did not
consume any type of alcoholic beverages. Participants were
categorised as engaging in regular physical exercise if they
took part in a leisure time physical activity preformed on a
repeated basis, spending at least 30 min a week.

Anthropometrics measures were taken, namely weight,
height, and waist circumferences. Body weight was mea-
sured to the nearest 0.1 kg using a digital scale, and height
to the nearest centimetre in the standing position using a
wall stadiometer. Waist circumference was measured mid-
way between the lower limit of the rib cage and the iliac
crest. A fasting venous blood sample was collected by trained
nurse. Participants were classified as having IFG if their fasting
glucose was ≥5.6 mmol/l and T2DM was defined as a fasting
glucose result of ≥7.0 mmol/l [9].

Those with previously diagnosed diabetes or having
reported taking anti diabetic medication or insulin were
excluded from the development data set. We also excluded
those without a fasting glucose measurement.

2.2. Variables considered

Only variables which can be self-completed by a lay per-
son without intervention from a health care professional or
the results of medical tests were considered for inclusion.
These variables included age, sex, medical history of stroke or
myocardial infarction, level of physical activity, waist circum-
ference, statin therapy, current hypertension, BMI and current
smoking status. The development data set has 388 events (IFG
or T2DM), which gives around 38 events per variable being
assessed which is above the general rule of thumb of 10 to
20 events per variable [18]; hence the sample size is adequate
for this analysis. The pool of potential variables assessed cov-
ers the majority of those included in previously developed
screening tools, although data on family history of diabetes
were not recorded [3,14].

2.3. Modelling

All modelling was carried out in Stata (version 10) using logis-
tic regression with a composite of screen detected IFG/T2DM
as the dependent variable. A non-automated approach was
taken for variable selection; initially each variable was mod-
elled to see if it independently predicted the outcome. Sets
of predictors shown to be independently related were then
considered. At each step the area under the receiver opera-
tor characteristic (ROC) curve was used to compare models in
addition to the p value for the covariate of interest (with sig-
nificance levels set at p ≥ 0.05). All measured variables were
initially considered for inclusion in their original continuous

form. Once a final model was chosen we then tested various
categorisations to see which best fitted the data. Although col-
lapsing continuous variables into groups is not best practice,
this score is to be completed by hand by the public and

dx.doi.org/10.1016/j.pcd.2013.01.003
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herefore needs to be as simple as possible. To keep the score
imple we did not consider interaction terms.

.4. Missing data

he level of missing covariate data varied but was minimal
or the majority of variables (ranging from 0.1% for current
ypertension to 1.7% for smoking status), apart from statin use

36%). The effect of missing data on both the modelling process
nd the final model chosen was assessed using the multiple
mputation command MI in Stata [19]. MI replaces missing val-
es with multiple sets of simulated values to complete the
ata, performs standard analysis on each completed dataset,
nd adjusts the obtained parameter estimates for missing-
ata uncertainty using Rubin’s rules to combine estimates.

.5. Creating a score

o derive the scores allocated to each element of the final
odel the � coefficients were multiplied by 10 and rounded

p to the nearest integer. The total score is then calculated by
umming across these. This method had been used in several
ther scoring systems [20–22]. The discrimination of the score
as assessed using the area under the ROC curve. Calibration
as assessed using the Hosmer–Lemeshow statistic [23].

.6. External validation

he final score was validated using two external data sets.
oth data sets come from the EPI-Porto study, a detailed
escription of the study has been published previously [24].
riefly, non-institutionalised inhabitants of Porto, Portugal,
ere selected using random digit dialling. After identification
f a household, permanent adult residents were characterised
ccording to age and gender, and one adult was selected by
imple random sampling and invited to take part in the study.
articipants completed an interview based on a structured
uestionnaire. Data on social, demographic, past personal
nd family medical conditions, medication and behavioural
haracteristics (regarding smoking; participants who smoked
uring the previous 12 months were classified as smokers)
ere self-reported. Anthropometric data were obtained after a

2-h fast using methods comparable to the PORMETS study. All
articipants were invited back for follow up at 5 years, 67.6% of
hose invited attended [25]. The baseline data collection was
epeated.

The Portugal risk score was validated using the cross-
ectional baseline data to establish the discriminative ability
f the score for prevalent screen-detected disease, those
ith previously diagnosed diabetes or missing fasting glucose
easures were excluded. The score was also validated using

he prospective data to assess if score could also be used to
ssess future risk of developing IFG/T2DM. This cohort was
imited to only those who attended follow-up, as before those

ith previously diagnosed diabetes or missing glucose meas-

res were excluded along with those who were found to have
ither diabetes or IFG at the baseline assessment. A sensitivity
nalysis was carried out including those with IFG at baseline
n the T2DM alone analysis.
7 ( 2 0 1 3 ) 11–18 13

The validity of scores was assessed using the area under the
ROC curve. The sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV), and likelihood ratios
for a positive test (LR+) and a negative test (LR−) with 95%
confidence intervals, comparing each cut point on the score
to the fasting glucose result (reference standard), were also
calculated. These were calculated for both the composite of
IFG/T2DM and for T2DM alone.

3. Results

The characteristics of the development data and the exter-
nal validation cohorts are shown in Table 1. 3,374 participants
without previous diabetes and with fasting glucose measured
were included from the PORMETS study. The mean age was
51.5 years, with 41% male; 2,131 were included from the EPI-
Porto cross-sectional cohort and 1,304 from the prospective
cohort. The PORMETS study data and the EPI-Porto cross-
sectional data were broadly similar; the EPI-Porto data had
less males with slightly lower body weight and slightly higher
blood pressure, cholesterol and fasting glucose. The prospec-
tive data were comparable to the cross-sectional data. In terms
of outcomes equivalent levels of screen-detected T2DM were
seen in both PORMETS and EPI-Porto at baseline, with a higher
percentage at follow up of the EPI-Porto study. 16.7% of the EPI-
Porto participants had IFG at baseline increasing to 22.8% at
follow up compared to 11.5% in the PORMETS study.

3.1. Score development

Table 2 shows the final model and the scoring system. The
following variables were found to be predictive of screen-
detected IFG/T2DM: age, sex, BMI and current hypertension.
The final model had an area under the ROC curve of 0.74
(95% CI 0.72, 0.77), with acceptable agreement between the
observed and predicted estimates (Hosmer–Lemeshow test:
�2 = 13.0, p = 0.11). Age and BMI were both collapsed into cat-
egorical variables; the re-parameterisation of these variables
did not affect the overall fit of the model. The final scoring sys-
tem ranges from 0 to 39 with a higher score reflecting greater
risk.

We used multiple imputation to estimate the effect of miss-
ing data on both the final model produced and the scores
allocated to each variable included. Based on the imputed
datasets the same predictors would be included in the final
model and the scoring of those predictors would remain
unchanged.

3.2. External validation – cross-sectional data

Table 3 shows the external validation of the Portugal risk score
using the EPI-Porto cross-sectional data for both IFG/T2DM and
T2DM alone. Fig. 1 (i) and (ii) shows the ROC curves. Using a
cut point of greater than or equal to 23 defines 50% of the
population at high-risk (currently recommended by National

Institute for Clinical Excellence in the UK [8]), this picks up
73% of those with IFG/T2DM and of those screened 27% will
have IFG/T2DM. The same cut point picks up 82% of those with
T2DM. 3% of those screened will have T2DM alone. Screening

dx.doi.org/10.1016/j.pcd.2013.01.003
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Table 1 – Characteristics of the data used to develop and validate the score.

PORMETS development
cross-sectional

EPI-Porto validation
cross-sectional

EPI-Porto validation
prospective – baseline

EPI-Porto validation
prospective – follow up

Number included 3374 2131 1304 1304
Years to follow up,

mean (SD)
– – – 5.1 (2.5)

Age, mean (SD) 51.5 (16.5) 51.7 (15.4) 50.9 (14.8) 55.6 (15.3)
Sex, male, n (%) 1385 (41.1) 813 (38.2) 455 (34.9) 455 (34.9)
Weight, mean (SD) 71.4 (13.6) 68.7 (13.0) 67.9 (12.6) 68.4 (13.1)
BMI, mean (SD) 27.0 (4.6) 26.6 (4.6) 26.3 (4.5) 26.7 (4.7)
Waist circumference,

mean (SD)
92.3 (12.2) 88.0 (12.4) 86.7 (12.1) 90.4 (12.1)

Systolic BP, mean (SD) 130.3 (22.1) 134.0 (22.9) 132.0 (22.5) 128.9 (21.1)
Diastolic BP, mean (SD) 78.1 (12.3) 82.3 (11.7) 81.6 (11.5) 79.8 (11.3)
Current smoker, n (%) 520 (15.7) 533 (25.4) 316 (24.5) –
Physical activitya, n (%) 916 (27.5) 849 (35.0) 493 (38.2) –
Total cholesterol, mean

(SD)
5.4 (1.1) 5.6 (1.2) 5.6 (1.1) 5.5 (1.0)

HDL, mean (SD) 1.3 (0.3) 1.5 (0.4) 1.5 (0.4) 1.6 (0.4)
Fasting glucose, mean

(SD)
4.7 (0.9) 5.0 (0.9) 4.8 (0.5) 5.2 (0.8)

Antihypertensive
therapy, n (%)

642 (29.7) 477 (22.4) 257 (19.7) 372 (29.3)

Statin therapy, n (%) 512 (23.7) 217 (8.7) 91 (7.0) 233 (18.3)
Previous myocardial

infarction, n (%)
82 (2.5) 61 (2.5) 15 (1.2) –

Previous stroke, n (%) 118 (3.5) 65 (2.6) 22 (1.7) –
Family history diabetes,

n (%)
– 519 (24.4) 306 (23.5) 306 (23.5)

IFG, n (%) 338 (11.5) 356 (16.7) 0 (0)b 290 (22.8)
Type 2 diabetes, n (%) 50 (1.5) 35 (1.6) 0 (0)b 39 (3.0)

ing a
ded f
a Leisure time physical activity preformed on a repeated basis, spend
b Those diagnosed with type 2 diabetes or IFG at baseline were exclu

the top 40% gives 62.1% sensitivity but with higher specificity
at 64.9% for IFG/T2DM compared to 75.8% and 60.5% respec-
tively for T2DM alone.

3.3. External validation – prospective data

The score also works well on the prospective data set (see

Table 3, Fig. 1(iii) and (iv)). Using the same cut point of 23,
45% of the population would be invited for further testing.
This gives a sensitivity of 69% and a specificity of 63% for
IFG/T2DM and 75% and 56% for T2DM alone. Across all cut

Table 2 – Final model.

Variable Grouping Coefficient Odds

Age 18–39 Reference –
40–49 1.05 2.8
50–59 1.25 3.5
≥60 1.48 4.4

Sex Female Reference –
Male 0.79 2.2

BMI <25 Reference –
25–29 0.85 2.3
≥30 1.10 3.0

Current
hypertension

No Reference –
Yes 0.54 1.7
t least 30 min a week.
rom the prospective data set.

points for both the cross-sectional and prospective data high
negative predictive values are seen, suggesting that those
who have a low score had a high rate of being true negatives.
Including those with IFG at baseline for T2DM alone slightly
increases the number screened for each cut point and also
the detection rates.
4. Discussion

We have developed a simple and sensitive self-assessment
screening tool for use in a Portuguese population that can be

ratio 95% confidence
interval

p value Score

– – 0
7 1.81, 4.54 <0.001 11
0 2.23, 5.50 <0.001 13
0 2.85, 6.80 <0.001 15

– – 0
1 1.78, 2.73 <0.001 8

– – 0
4 1.75, 3.15 <0.001 9
0 2.18, 4.15 <0.001 11

– – 0
2 1.33, 2.21 <0.001 5

dx.doi.org/10.1016/j.pcd.2013.01.003
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Table 3 – External validation of the risk score using both the Porto cross-sectional data and the prospective data.

Cut point Screened (%) Sensitivity (%) Specificity (%) PPV (%) NPV (%) LR+ LR−
Cross-sectional validation
Type 2 diabetes/impaired fasting glucose

≥21 58 82.1 (77.9, 85.8) 47.8 (45.4, 50.2) 26.1 (23.6, 28.6) 92.2 (80.3, 93.9) 1.57 (1.47, 1.68) 0.38 (0.30, 0.47)
≥23 50 73.2 (68.5, 77.6) 55.5 (53.1, 57.8) 27.0 (24.3, 29.8) 90.2 (88.3, 92.0) 1.64 (1.52, 1.78) 0.48 (0.41, 0.57)
≥25 40 62.1 (57.0, 66.9) 64.9 (62.6, 67.2) 28.4 (86.5, 31.6) 88.4 (86.5, 90.1) 1.77 (1.60, 1.96) 0.58 (0.51, 0.67)
≥27 37 57.9 (52.8, 62.9) 68.2 (65.9, 70.4) 29.0 (25.8, 32.3) 87.8 (86.0, 89.5) 1.82 (1.63, 2.03) 0.62 (0.60, 0.66)

Type 2 diabetes alone
≥21 58 90.9 (75.7, 98.1) 42.8 (40.7, 45.0) 2.5 (1.7, 3.5) 99.7 (99.0, 99.9) 1.59 (1.42, 1.78) 0.21 (0.07, 0.63)
≥23 50 81.8 (64.5, 93.0) 50.7 (48.5, 52.9) 2.6 (1.7, 3.7) 99.4 (98.8, 99.8) 1.66 (1.40, 1.96) 0.36 (0.17, 0.74)
≥25 40 75.8 (57.7, 88.9) 60.5 (58.4, 62.6) 3.0 (1.9, 4.4) 99.4 (98.8, 99.7) 1.92 (1.57, 2.34) 0.40 (0.22, 0.73)
≥27 37 72.7 (54.5, 86.7) 64.0 (61.8, 66.0) 3.1 (2.0, 4.6) 99.3 (98.7, 99.7) 2.02 (1.62, 2.51) 0.43 (0.24, 0.75)

Prospective validation
Type 2 diabetes/impaired fasting glucose

≥21 53 77.8 (72.5, 82.4) 55.7 (52.3, 59.0) 36.4 (32.6, 40.4) 88.5 (85.5, 91.0) 1.75 (1.59, 1.93) 0.40 (0.32, 0.50)
≥23 45 69.1 (63.4, 74.4) 63.3 (60.0, 66.5) 38.0 (33.9, 42.4) 86.2 (83.3, 88.8) 1.88 (1.67, 2.11) 0.49 (0.41, 0.59)
≥25 35 56.3 (50.3, 62.1) 72.1 (69.0, 75.0) 39.7 (34.9, 44.6) 83.5 (80.6, 86.0) 2.02 (1.74, 2.34) 0.61 (0.53, 0.70)
≥27 32 52.1 (46.1, 58.0) 74.0 (71.0, 76.9) 39.6 (34.6, 44.7) 82.6 (79.7, 85.1) 2.01 (1.71, 2.35) 0.65 (0.57, 0.74)

Type 2 diabetes only
≥21 53 87.5 (71.0, 96.5) 48.2 (45.3, 51.2) 4.4 (3.0, 6.3) 99.3 (98.2, 99.8) 1.69 (1.47, 1.95) 0.26 (0.10, 0.65)
≥23 45 75.0 (56.6, 88.5) 55.9 (53.0, 58.7) 4.5 (2.9, 6.6) 98.8 (97.6, 99.5) 1.70 (1.38, 2.10) 0.45 (0.25, 0.82)
≥25 35 59.4 (40.6, 76.3) 65.5 (62.7, 68.2) 4.5 (2.7, 6.9) 98.3 (97.2, 99.1) 1.72 (1.28, 2.31) 0.62 (0.41, 0.95)
≥27 32 56.3 (37.7, 73.6) 68.0 (65.2, 70.6) 4.6 (2.7, 7.2) 98.3 (97.1, 99.0) 1.76 (1.28, 2.41) 0.64 (0.43, 0.96)

Type 2 diabetes only with IFG at baseline included
≥21 58 86.3 (76.2, 93.2) 43.8 (41.2, 46.5) 7.6 (5.9, 9.6) 98.4 (97.0, 99.2) 1.54 (1.39, 1.70) 0.31 (0.18, 0.56)
≥23 50 79.5 (68.4, 88.0) 52.0 (49.3, 54.6) 8.1 (6.2, 10.3) 97.9 (96.6, 98.8) 1.65 (1.45, 1.88) 0.40 (0.25, 0.62)
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≥25 39 67.1 (55.1, 77.7) 62.0 (59.4, 64.6)
≥27 37 64.4 (52.3, 75.3) 64.9 (62.3, 67.4)

sed for both prevalent undiagnosed and incident IFG/T2DM.
he score contains only four elements (age, sex, BMI and
ypertension) and does not require intervention from health
are professionals or laboratory tests. The score can also be
sed to pick up T2DM alone if screening programmes chose to
arget resources to this group initially.

Screening for T2DM is still a controversial topic. Although
2DM meets the key requirements for a screening pro-
ramme – having a long asymptotic phase and complications
hich can be avoided through early intervention – stud-

es are yet to confirm if early detection does go on to give
etter outcomes. The ADDITION-Europe study was a prag-
atic, cluster-randomised trial carried out in Denmark, the
etherlands, and the UK, participants had screen-detected
2DM and were randomised to receive routine care or inten-
ive multifactorial risk factor control [26]. At 5 years they
ound a small non-significant benefit in terms of reduc-
ng the incidence of CVD and death in those intensively
reated. This was the first study to look at hard outcomes
ollowing screen-detection of T2DM, but to date there have
een no studies comparing screening to no screening. This
tudy also found that attendance rates to screening were
ncreased in those screening programmes taking a multi-step
pproach to screening rather than population-based approach
27]. Another UK study found that screening for diabetes
rought forward diagnosis by an average 3.3 years but that
his early identification did not improve outcomes [28]. The
arly identification of T2DM and in some cases IFG through

argeted screening is recommended in some countries, for
xample the UK [8], and modelling studies have found this
o be a cost-effective [7], and in some cases, a cost-saving
xercise [8,29]. The oral glucose tolerance test is known to
6.4, 11.2) 97.3 (95.9, 98.2) 1.77 (1.49, 2.10) 0.53 (0.38, 0.74)
6.6, 11.6) 97.2 (95.9, 98.1) 1.83 (1.52, 2.21) 0.55 (0.40, 0.75)

be a barrier to screening uptake [30], focussing on a fast-
ing measure alone is likely to increase uptake, is far less
resource intensive and picks up the majority of cases with IGT
[10].

If screening for undiagnosed T2DM with/without IGR is
implemented, risk tools offer a cheap and simple means
of selecting those at greatest risk. Self-assessment scores
provide people with a tool to assess their own risk and
can be used either within a health care setting or in the
community to reach those who may not usually attend
for screening. Self-assessment tools also have the advan-
tage of being less time consuming for health professionals
and engage individuals in identifying their own risk fac-
tors, which may direct their attention towards modification
of these and increase responsiveness to the screening pro-
cess [11,31]. Although many other self-assessment scores have
been developed previously [14,20,32], this is the first score
developed specifically for a Portuguese population and it is
well reported that risk scores should be developed and val-
idated within the population for which they will be used
[15].

Although this is the first risk score for screen-detected
IFG/T2DM to be developed for a Portuguese population, there
are some limitations which need to be considered. Firstly, it is
not best-practice to collapse continuous data into categories
[33] and it has been recommended that risk scores for diabetes
steer away from doing this [14]. Although it would have been
preferable to keep age and BMI as continuous variables, this

is not practical for a paper-based questionnaire score. How-
ever, age and BMI were kept as continuous variables during
the variable selection procedure and categorised once a final
model was produced. If this score was to be internet based
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Fig. 1 – Area under the receiver operating curves from the external validation data sets. (i) IFG/type 2 diabetes using the
cross sectional Porto data. (ii) Type 2 diabetes only using the cross sectional Porto data. (iii) IFG/type 2 diabetes using the
prospective Porto data. (iv) Type 2 diabetes only using the prospective Porto data.
then continuous predictors could be included. Secondly, both
the PORMETS study and the EPI-Porto study only measured
fasting glucose on a single occasion and did not perform a full
oral glucose tolerance test or measure HbA1c. HbA1c is now
recommended for the diagnosis of T2DM by WHO but not IGR
[34]. Using HbA1c to diagnose T2DM significantly increases
the number diagnosed and these are generally of a lower
risk phenotype [35]. When HbA1c was included in the out-
come for the Leicester Practice Score similar variables to scores
not including HbA1c were included [36]. Future work should
aim to validate this score using data from both the oral glu-
cose tolerance test and HbA1c. Thirdly, the PORMETS study
did not collect data on family history of diabetes. Family his-
tory of diabetes is a known risk factor for T2DM [37] and has
been included in many previously developed risk scores [14].
Although its inclusion may improve the predictive ability of

the score, the levels of sensitivity and specificity seen are in
line with other scores which include family history [20,36].
This study also has a number of strengths. The sample size
used to develop the score (n = 3,374) gave around 38 events per
variable for the regression modelling. This is above the 10–20
events per variable recommended for this type of analysis and
therefore limits the problem of over-fitting [38]. The PORMETS
study had variable levels of missing data which could have
affected the final model produced and the scores allocated to
each variable within that model. We tested both of these sce-
narios using multiple imputation methods which showed that
the final model produced and the scores were not affected by
the level of missing data. Many previously developed scores
have not assessed the impact of missing data [14].

In conclusion, we have developed a simple self-assessment
risk score for detecting the risk of current undiagnosed
IFG/T2DM in Portuguese adults. This score could be used to
increase uptake to screening programmes and awareness of
diabetes and its associated risks within this population. Future

research should try and assess both the efficacy and cost effec-
tiveness in using this tool in a real-life setting to prevent
diabetes and its complications.

dx.doi.org/10.1016/j.pcd.2013.01.003


e t e s

R

F
g
t
a
F
P
d

C

L
s
o
t
v
s
t
r
M
fi
s
d
fi
o

C

K
f
o
a
f
f
h
N
r
A
S
i

A

T
H
H
s
L
i
T
t

r

p r i m a r y c a r e d i a b

ole of the funding source

unding for an academic visit to the University of Porto was
iven by Santander. PROMETS study was funded by the Por-
uguese Society of Endocrinology, Diabetes and Metabolism
nd Bayer Health Care. EPI-Porto study was funded by
undação para a Ciência e Tecnologia, POCTI/ESP/35767/99,
OCTI/ESP/42361/2001, POCI/SAU-ESP/61160/2004. The fun-
ers had no role in the design or analysis of this study.

ontribution statement

JG: substantial contribution to conception and design, analy-
is and interpretation of data; drafted the article; final approval
f the version to be published. HB: substantial contribution
o acquisition of data, revised article; final approval of the
ersion to be published. LR: substantial contribution to acqui-
ition of data, revised article; final approval of the version
o be published. KK: substantial contribution to conception;
evised article; final approval of the version to be published.
JD: substantial contribution to conception; revised article;

nal approval of the version to be published. ACS: sub-
tantial contribution to acquisition of data, conception and
esign, analysis and interpretation of data; revised article,
nal approval of the version to be published. LJG is guarantor
f the paper.

onflicts of interest

K (Chair), and MJD are members of the National Institute
or Health and Clinical Excellence Public Health Guidance
n prevention of Type 2 diabetes among people with predi-
betes. MJD and KK are advisors to the UK Department Health
or the NHS Health Checks Programme. MJD has received
unds for research, honoraria for speaking at meetings and
as served on Advisory Boards for Lilly, Sanofi Aventis, MSD,
ovo Nordisk, BMS, BI and Roche. KK has received funds for

esearch, honoraria for speaking at meetings and or served on
dvisory Boards for Astra Zeneca, GSK, Lilly, Novartis, Pfizer,
ervier, Sanofi Aventis. All other authors have no conflicts of

nterest to declare.

cknowledgements

his project was supported by The National Institute for
ealth Research Collaboration for Leadership in Applied
ealth Research and Care – Leicestershire, Northampton-

hire and Rutland and The NIHR Leicester-Loughborough Diet,

ifestyle and Physical Activity Biomedical Research Unit which
s a partnership between University Hospitals of Leicester NHS
rust, Loughborough University and the University of Leices-
er.
7 ( 2 0 1 3 ) 11–18 17

e f e r e n c e s

[1] International Diabetes Federation, IDF Diabetes Atlas, 5th
edition, 2011.

[2] World Health Organisation, Fact sheet no. 312, Diabetes,
2011.

[3] E.B. Levitan, et al., Is nondiabetic hyperglycemia a risk factor
for cardiovascular disease?: a meta-analysis of prospective
studies, Archives of Internal Medicine 164 (19) (2004)
2147–2155.

[4] N. Cortez-Dias, et al., Prevalence, management and control
of diabetes mellitus and associated risk factors in primary
health care in Portugal, Revista Portuguesa de Cardiologia 29
(4) (2010) 509–537.

[5] L. Gardete-Correia, et al., First diabetes prevalence study in
Portugal: PREVADIAB study, Diabetic Medicine 27 (2010)
879–881.

[6] C.L. Gillies, et al., Pharmacological and lifestyle
interventions to prevent or delay type 2 diabetes in people
with impaired glucose tolerance: systematic review and
meta-analysis, British Medical Journal 334 (299) (2007).

[7] C.L. Gillies, et al., Different strategies for screening and
prevention of type 2 diabetes in adults: cost effectiveness
analysis, British Medical Journal 336 (7654) (2008)
1180–1185.

[8] National Institute for Health and Clinical Excellence, Public
Health Draft Guidence, Preventing type 2 diabetes: risk
identification and interventions for individuals at high risk,
2011.

[9] American Diabetes Association, Diagnosis and classification
of diabetes mellitus, Diabetes Care 29 (1) (2006) 543–548.

[10] F. Guerrero-Romero, M. Rodriguex-Moran, Lowered criterion
for normal fasting plasma glucose: impact on the detection
of impaired glucose tolerance and metabolic syndrome,
Archives of Medical Research 37 (2006) 140–144.

[11] E. Goyder, et al., National evaluation of DHDS Diabetes
Screening Pilot Programme, Final Report, School of Health
and Related Research, University of Sheffield, 2008.

[12] L.A. Sargeant, et al., Who attends a UK diabetes screening
programme? Findings from the ADDITION-Cambridge study,
Diabetic Medicine 27 (9) (2010) 995–1003.

[13] K. Khunti, et al., A comparison of screening strategies for
impaired glucose tolerance and type 2 diabetes mellitus in a
UK community setting: a cost per case analysis, Diabetes
Research and Clinical Practice 97 (3) (2012) 505–513.

[14] G.S. Collins, et al., Developing risk prediction models for
type 2 diabetes: a systematic review of methodology and
reporting, BMC Medicine 9 (2011) 103.

[15] B. Buijsse, et al., Risk assessment tools for identifying
individuals at risk of developing type 2 diabetes,
Epidemiologic Reviews 33 (1) (2011) 46–62.

[16] D. Noble, et al., Risk models and scores for type 2 diabetes:
systematic review, British Medical Journal 343 (2011) d7163.

[17] L. Rapsos, A.C. Santos, H. HBarros, The prevalence of the
metabolic syndrome in Portugal: the PORMETS study, in
preparation.

[18] P. Peduzzi, et al., A simulation study of the number of events
per variable in logistic regression analysis, Journal of Clinical
Epidemiology 49 (12) (1996) 1373–1379.

[19] Y. Marchenko, Multiple-imputation analysis using Stata’s mi
command, Stata Conference, Boston, 2010.

[20] L.J. Gray, et al., The Leicester Risk Assessment score for
detecting undiagnosed Type 2 diabetes and impaired

glucose regulation for use in a multiethnic UK setting,
Diabetic Medicine 27 (8) (2010) 887–895.

[21] S.J. Pocock, et al., A score for predicting risk of death from
cardiovascular disease in adults with raised blood pressure,

dx.doi.org/10.1016/j.pcd.2013.01.003


b e t e

(2004) 187–194.
18 p r i m a r y c a r e d i a

based on individual patient data from randomised
controlled trials, British Medical Journal 323 (2001) 75–81.

[22] R. Vazquez, et al., The MUSIC risk score: a simple method for
predicting mortality in ambulatory patients with chronic
heart failure, European Heart Journal (2009),
http://dx.doi.org/10.1093/eurheart/eph032.

[23] D.W. Hosmer, S. Lemeshow, Applied Logistic Regression,
Wiley, New York, 2000.

[24] A.C. Santos, H. Barros, Impact of metabolic syndrome
definitions on prevalence estimates: a study in a Portuguese
community, Diabetes & Vascular Disease Research 4 (2007)
320–327.

[25] A.C. Santos, M. Severo, H. Barros, Incidence and risk factors
for the metabolic syndrome in an urban South European
population, Preventative Medicine 50 (2012) 99–105.

[26] S.J. Griffin, et al., Effect of early intensive multifactorial
therapy on 5-year cardiovascular outcomes in individuals
with type 2 diabetes detected by screening
(ADDITION-Europe): a cluster-randomised trial, Lancet 378
(9786) (2011) 156–167.

[27] M. van den Donk, et al., Screening for type 2 diabetes.
Lessons from the ADDITION-Europe study, Diabetic
Medicine 28 (11) (2011) 1416–1424.

[28] M. Rahman, et al., How much does screening bring forward
the diagnosis of type 2 diabetes and reduce complications?
Twelve year follow-up of the Ely cohort, Diabetologia 55 (6)
(2012) 1651–1659.

[29] P. Chamnan, et al., Estimating the potential population

impact of stepwise screening strategies for identifying and
treating individuals at high risk of Type 2 diabetes: a
modelling study, Diabetic Medicine (2012),
http://dx.doi.org/10.1111/j.1464-5491.2012.03609.x.
s 7 ( 2 0 1 3 ) 11–18

[30] H. Eborall, et al., Influences on the uptake of diabetes
screening: a qualitative study in primary care, British
Journal of General Practice 62 (596) (2012) pe204–pe211.

[31] U. K. National Screening Committee, The Handbook for
Vascular Risk Assessment, Risk Reduction and Risk
Management, The National Screening Committee, London,
UK, 2008.

[32] J. Lindstrom, J. Tuomilehto, The diabetes risk score: a
practical tool to predict type 2 diabetes risk, Diabetes Care
26 (3) (2003) 725–731.

[33] P. Royston, D.G. Altman, W. Sauerbrei, Dichotomizing
continuous predictors in multiple regression: a bad idea,
Statistics in Medicine 25 (1) (2006) 127–141.

[34] World Health Organisation, Use of Glycated Haemoglobin
(HbA1c) in the Diagnosis of Diabetes Mellitus, World Health
Organisation, Geneva, 2011.

[35] S.A. Mostafa, et al., The potential impact of using glycated
haemoglobin, HbA1c, as the preferred diagnostic tool for
Type 2 Diabetes Mellitus, Diabetic Medicine 72 (2010)
762–769.

[36] L.J. Gray, et al., Detection of impaired glucose regulation
and/or type 2 diabetes mellitus, using primary care
electronic data, in a multiethnic UK community setting,
Diabetologia 55 (4) (2012) 959–966.

[37] L. Molyneaux, M. Constantino, D. Yue, Strong family history
predicts a younger age of onset for subjects diagnosed with
type 2 diabetes, Diabetes, Obesity and Metabolism 6 (3)
[38] M.A. Babyak, What you see may not be what you get: a brief,
nontechnical introduction to overfitting in regression-type
models, Psychosomatic Medicine 66 (3) (2004) 411–421.

dx.doi.org/10.1016/j.pcd.2013.01.003
dx.doi.org/10.1093/eurheart/eph032
dx.doi.org/10.1111/j.1464-5491.2012.03609.x

	The development and validation of the Portuguese risk score for detecting type 2 diabetes and impaired fasting glucose
	1 Introduction
	2 Methods
	2.1 Development data set
	2.2 Variables considered
	2.3 Modelling
	2.4 Missing data
	2.5 Creating a score
	2.6 External validation

	3 Results
	3.1 Score development
	3.2 External validation - cross-sectional data
	3.3 External validation - prospective data

	4 Discussion
	Role of the funding source
	Contribution statement
	Conflicts of interest
	Acknowledgements
	References


