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ABSTRACT

Objectives To evaluate the external validity of the
FINDRISC, DESIR and ADA risk scores for the prediction
of diabetes in a Spanish population aged >45 years and
to test the possible improvement of FINDRISC by adding
a new variable of high risk of depression when Patient
Health Questionnaire-9 (PHQ-9) questionnaire score >10
(FINDRISC-MOQD).

Design Prospective population-based cohort study.
Setting 10 primary healthcare centres in the north of the
city of Madrid (Spain).

Participants A total of 1242 participants without a history
of diabetes and with 2-hour oral glucose tolerance test
(OGTT) plasma glucose <200 mg/dL (<11.1 mmol/L) were
followed up for 7.3 years (median) using their electronic
health records (EHRs) and telephone contact.

Primary and secondary outcome measures Diabetes
risk scores (FINDRISC, DESIR, ADA), PHQ-9 questionnaire
and 2-hour-OGTT were measured at baseline. Incident
diabetes was defined as treatment for diabetes, fasting
plasma glucose >126 mg/dL (>7.0 mmol/L), new EHR
diagnosis or self-reported diagnosis. External validation
was performed according to optimal cut-off, sensitivity,
specificity and Youden Index. Comparison between
diabetes risk scores, including FINDRISC-MOOD

(original FINDRISC score plus five points if PHQ-9 >10),
was measured by area under the receiver operating
characteristic curve (AUROC).

Results During follow-up, 104 (8.4%; 95%Cl, 6.8 t0 9.9)
participants developed diabetes and 185 had a PHQ-9
score >10. The AUROC values were 0.70 (95% Cl, 0.67
to 0.72) for FINDRISC-MOOD and 0.68 (95% Cl, 0.65 to
0.71) for the original FINDRISC. The AUROCs for DESIR
and ADA were 0.66 (95% Cl, 0.63 to 0.68) and 0.66 (95%
Cl, 0.63 to 0.69), respectively. There were no significant
differences in AUROC between FINDRISC-MOOD and the
other scores.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The SPREDIA-2 study provides a well-characterised,
longitudinal, prospective cohort of adults free of di-
abetes mellitus at baseline in the north of the city of
Madrid (Spain).
Participants were followed up using electronic medi-
cal records from general practitioners and telephone
calls to obtain robust and complete information on
their health status.
= The diabetes risk scores studied, and the Patient
Health Questionnaire-9 are accurate tools wide-
ly used in primary care to measure the high risk
of having or developing diabetes and depression,
respectively.
We did not have an exact date for the self-reported
cases of diabetes mellitus, which limits our ability to
perform event-free analysis.
= The higher socioeconomic level of the north of
Madrid may limit the applicability of the results to

areas in the south.

Conclusions The results of FINDRISC-MOOD were like
those of the other risk scores and do not allow it to be
recommended for clinical use.

INTRODUCTION

Diabetes risk scores such as FINDRISC,1
DESIR? and ADA® can be used to identify indi-
viduals who may require laboratory tests such
as fasting plasma glucose, HbAlc and oral
glucose tolerance test (OGTT). These risk
scores can help stratify populations according
to prognosis and enable the implementation
of interventions to prevent cardiovascular
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complications and delay or halt the onset of diabetes
mellitus (DM).

To ensure the accuracy of these risk scores, they are
usually validated in the settings where they will be used
(external validation), and the most appropriate cut-off
point in terms of sensitivity and specificity is determined.
In some cases, the FINDRISC score has been adapted to
make it easier to use without compromising accuracy by
removing some of the original variables®® or adding new
ones.’

Other risk scores, such as the German Diabetes Risk
Score,” have been developed that include psychosocial
variables such as perceived chronic stress. However, no
diabetes risk score has included a history or high risk of
depressive disorders, except the study of Atlantis et al®
A recent meta-analysis’ showed that people with major
depressive disorder have a higher risk of developing type
2 diabetes mellitus (T2DM). The Lifelines cohort study
showed a relationship between high risk of depression
and diabetes incidence in individuals with pre-diabetes at
baseline after 9 years of follow-up.'” Therefore, we think
that the incorporation of depression risk, defined as a
Patient Health Questionnaire-9 (PHQ-9) score of 10 or
higher, into the original FINDRISC score could improve
the external validation of FINDRISC to identify the risk
of T2DM.

The present study aims to validate three diabetes risk
scores (FINDRISC, DESIR, ADA) in the Spanish popu-
lation to predict the incidence of T2DM after a long
follow-up period (median 7.3 years) and to test the value
of adding high risk of depression to the FINDRISC score
in terms of area under the receiver operating character-
istic curve (AUROC).

MATERIAL AND METHODS

Design

This study was conducted as part of a broader project
funded by the Spanish Instituto de Salud Carlos III
(PI 1500259). It included the Screening PRE-diabetes
and type 2 DIAbetes (SPREDIA-2) study, which has
been described in detail elsewhere.'" SPREDIA-2 is a
population-based prospective cohort study, in which base-
line visits were scheduled from July 2010 to March 2014.

Population

Baseline visit

The study population comprised a random sample of 2553

subjects living in the north of the city of Madrid (Spain)

in an area served by 10 primary healthcare centres. Of
these, 1592 (62.4%) agreed to participate, and 1426 had

not been previously diagnosed with DM.

Recruitment was divided into three stages:

1. Potential participants were sent a letter signed by their
general practitioner explaining the aims of the study
and inviting them to participate.

2. Subjects were contacted by telephone to clarify any
doubts and, if interested, were given an appointment
to be assessed.

3. The patient attended the assessment at the Carlos III
Hospital outpatient clinic after an overnight fast.

A fasting blood sample was taken on arrival at the outpa-
tient clinic to determine levels of glucose, creatinine,
uric acid, HbAlc, serum insulin, lipids and lipoproteins.
Immediately after blood sampling, all subjects not previ-
ously diagnosed with DM underwent an OGTT with 75¢g
of anhydrous glucose in a total fluid volume of 300 mL. A
second blood sample was taken 2hours later. The meas-
urement questionnaires were as follows: diabetes risk
scores (FINDRISC, DESIR and ADA); the PHQ-9'%; the
14-item Questionnaire to assess adherence to the Medi-
terranean diet (PREDIMED)'® and the 12-item Short-
Form Health Survey.'* A full clinical history was taken.
Alcohol consumption was measured as the number of
units of alcohol per week.

Follow-up

Participants were followed up for a median of 7.3 years
between the baseline visit and 31 December 2019 using
their general practitioners’ electronic health records
(EHRs). The EHRs had previously been validated'
and used in epidemiological studies.'® The participants
were also contacted by telephone during the last year of
follow-up to ascertain whether they were alive and, if so,
to record health status, including the incidence of T2DM
or cardiovascular events. The interview was conducted by
a researcher trained in obtaining medical data by tele-
phone. The study flow chart is shown in figure 1.

Measurement tools and definitions of criteria

FINDRISC risk score

The Finnish Diabetes Risk Score is one of the most widely
used.' Itincludes eight variables (anthropometric and life-
style), namely, age, body mass index (BMI), waist circum-
ference, family history of diabetes, use of blood pressure
medication, history of high blood glucose levels, daily
physical activity and daily intake of vegetables, fruits and
berries. FINDRISC assesses the likelihood of developing
T2DM over the next 10 years. The score ranges from 0 to
26 points, and the usual cut-off is 15. A risk score of 0-14
points indicates a low-moderate risk of diabetes (1%-17%
risk of diabetes over 10 years), and 15-20 points indi-
cates a high risk of diabetes (33% risk of diabetes over 10
years). A score of 20-26 points indicates a very high risk of
diabetes (50% risk of diabetes over 10 years).17

DESIR risk score

DESIR was designed by Balkau et al'® in the French popu-
lation. The component variables differ by sex. In women,
the variables include waist circumference (cm), family
history of diabetes and arterial hypertension, while for
men, they include waist circumference (cm), current
smoking status and arterial hypertension. The waist
circumference categories differ by sex (for women, <70,
70-79, 80-89, >90; for men, <80, 80-89, 90-99, >100). The
score ranges from 0 to 5 points (a higher score means a
higher risk).
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Simplerandomsample of 1,592
subjects aged 45-80 livingin
the north of Madrid

v

1,426 subjects at baseline visit (2010-2013)

v

1,344 subjects available to start
follow-up period (2010-2013 to 2019)

h 4

1,242 subjects who had been measured with
DM risk scores and PHQ-9 questionnaire
were followed-up (median 7.3 years)

» 166 subjectswith DM known

» 82 subjectswith OGTT = 200
mg/dl (DM unknown)

# 102 subjects with unavailable
information during follow-up

Y

incidence of DM

Measurement of the criteria forthe

Performance of diabetes risk scores
forincidence of DM

Figure 1
Health Questionnaire-9.

ADA risk score

The American Diabetes Association risk score” was devel-
oped based on the US population older than 20 years
without DM to identify individuals at high risk for DM
or pre-diabetes. It includes the following variables: age,
sex, race, weight, height, family history of DM, history of
gestational DM, history of arterial hypertension and phys-
ical activity. The total score ranges from 0 to 11. A score
of 5 or higher indicates a high risk of DM.

PHQ-9

This validated and reliable scale has been used in many
research studies.'” It is used to assist primary care practi-
tioners in diagnosing depression and monitoring treat-
ment. The question put is ‘Over the last 2 weeks, how
often have you been bothered by any of the following

Flow chart of people included in the study. DM, diabetes mellitus; OGTT, oral glucose tolerance test; PHQ-9, Patient

problems?’, with four response options: (0) Notatall; (1)
Several days; (2) More than half the days and (3) Nearly
every day. The total PHQ-9 score is assessed by adding
together the scores for all nine items. Higher scores on
this measure indicate greater depression. Scores are cate-
gorised into five levels of severity: minimal=0—4; mild=5-9;
moderate=10-14;  moderately  severe=15-19  and
severe=20-27. The optimal cut-off for major depression
disorder is 10.*” The IPD meta-analysis confirmed a cut-
off of 10 as yielding the best balance of sensitivity (85%)
and specificity (85%).%" It takes approximately 2-5min to
administer. Additionally, it can be self-administered.*®

FINDRISC-MOQD risk score
This is an adaptation of the original FINDRISC risk score
in which five new points are added if participants scored a
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positive PHQ-9 for depression (=10 points). In contrast, no
points are added if the PHQ-9 is negative. We decided that
five points was appropriate based on the value of the beta
coefficient obtained in the PHQ-9 after adjustment for the
FINDRISC score in the logistic multivariate analysis for the
prediction of diabetes (beta coefficient=0.632). This coeffi-
cient was multiplied by 9, which was the smallest common
multiplication factor possible to obtain a sensitive score.

Anthropometric measurements were obtained using
standard methods.*

Diagnostic criteria
Incidence of DM (gold standard): Incident cases of
diabetes were identified by treatment for diabetes (n=16),
fasting plasma glucose >126mg/dL (n=21), new diag-
nosis in the EHR (International Classification of Primary
Care, Second Edition T90 code) (n=6) or self-reported
diagnosis in the telephone interview (n=1). In addition,
60 individuals met more than one criterion.

Metabolic syndrome: It was defined according to ATPIII
diagnostic criteria.”*

Statistical methods

The statistical analyses were conducted using IBM SPSS
Statistics for Windows, V.26.0 (IBM Corp, Armonk, New
York, USA) and MedCalc for Windows, V.15.8 (MedCalc
Software, Ostend, Belgium). The sociodemographic and
clinical characteristics of the study population at baseline
are presented as frequencies and percentages for categor-
ical variables and as means and SDs for continuous vari-
ables. Between-group comparisons were performed using
a * or Fisher’s exact test for categorical variables and a
t-test or Kruskal-Wallis test for continuous variables.

To calculate the sample size, the following assumptions
were accepted: an o error of 0.05, a precision rate of 9%
in a bilateral contrast, for an estimated specificity rate of
80% and an estimated incidence of DM of 6%; the total
sample size required was 1217 participants.

The performance of the diabetes risk scores was assessed
using the following indicators: sensitivity, specificity, posi-
tive and negative predictive values, Youden Index defined
as (sensitivity+specificity-1) and positive and negative
likelihood ratios. All scores were calculated using inci-
dent T2DM as the gold standard. Statistical significance
was set at p<0.05 for a two-tailed test.

The discriminative accuracy of the different risk scores
was assessed and expressed as the AUROC and corre-
sponding 95% CIs. AUROCs were compared between
scores using MedCalc software.

The cut-off points for the risk scores to identify inci-
dence of T2DM were determined by the point with the
shortest distance to the upper left corner of the ROC, as
calculated using the Youden Index.

Patient and public nvolvement

It was not appropriate or possible to involve patients or
the public in the design, or conduct, or reporting, or
dissemination plans of our research.

RESULTS

Characteristics of the study population

Of the original 1426 participants, 1344 (94.2%) met the
criteria for follow-up. Of these, 1242 (92.4%) were finally
contactable via EHRs or telephone interviews. The reasons
for exclusion are summarised in figure 1. The main char-
acteristics of the participants stratified by sex are shown
in table 1. At baseline, the mean age of the study popula-
tion was 62 years. A high percentage had a family history
of DM (31.6%) and a low prevalence of cardiovascular
disease (eg, coronary artery disease, stroke and periph-
eral artery disease (3.1%, 2% and 0.8%, respectively)).
One-third of the population met the criteria for current
smoking, arterial hypertension and metabolic syndrome,
and approximately 50% met the criteria for consumption
>1 units of alcohol per week. Approximately half of the
patients had dyslipidaemia, and one in five had regular
or poor self-perceived health. The percentage of partici-
pants with a high score on the PHQ-9 was 11.6%; this was
significantly higher among women. In terms of current
treatment, nearly one in four participants were taking
statins, and one in five were taking renin-angiotensin
system blockers.

Incidence of T2DM

During 7.3 years (median) of follow-up, 104 partici-
pants (8.4%; 95%CI, 6.8% to 9.9%) developed T2DM.
Table 2 shows the differences between participants with
and without incident T2DM for the main characteristics
examined. The risk factors for which values were signifi-
cantly higher in the group with incident T2DM were
hypertension, metabolic syndrome, BMI, waist circum-
ference, systolic and diastolic blood pressures, fasting
plasma glucose, OGTT result, HbAlc, impaired glucose
tolerance, self-administered PHQ-9 score and diabetes
risk scores (FINDRISC, DESIR and ADA).

Patients treated with renin-angiotensin system blockers
were statistically significantly more likely to be in the
diabetes group.

Diabetes risk scores usually include questions about
lifestyle, diet and medical history. Online supplemental
table 1 shows the differences between the two groups.
The group without incident T2DM was more likely than
the group with incident T2DM to perform at least 30 min
of physical activity, to eat vegetables, fruit or berries every
day, to have never taken medication for high blood pres-
sure, to have never been diagnosed with high blood sugar
and to have never had gestational diabetes.

Performance of diabetes risk scores
The performance of the FINDRISC score is shown in
table 3. The best cut-off point was >14, achieving a sensi-
tivity of 47.12% (95% CI, 37.2% to 57.2%), specificity of
81.37% (95% CI, 79% to 83.6%) and positive likelihood
ratio of 2.53 (95% CI, 2.0 to 3.21). The AUROC was 0.68
(95% CI, 0.65 to 0.71).

The FINDRISC-MOOD diabetes risk score, that is, the
original FINDRISC plus five points if PHQ-9 >10, showed
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Table 1 Baseline characteristics of the population studied stratified by sex é
All (N=1242) Men (N=506) Women (N=736) P value }3

Age, mean (SD) 61.8 (6.1) 61.6 (6.3) 62 (5.9) 0.214 -
University studies, n (%) 395 (31.9) 222 (44) 173 (28.5) <0.001 Q
Current smoking, n (%) 438 (35.3) 238 (47) 200 (27.2) <0.001 g
Alcohol consumption, n (%) 598 (48.2) 349 (69.1) 249 (33.9) <0.001 g
Sedentarism, n (%) 494 (40.0) 204 (40.6) 290 (39.7) 0.750 g
Family history of DM, n (%) 392 (31.6) 148 (29.4) 244 (33.2) 0.154 - &
Family history of arterial hypertension, n (%) 616 (49.8) 204 (40.5) 412 (56.3) <0.001 % §
Hypertension, n (%) 400 (32.2) 185 (36.6) 215 (29.3) 0.007 % Q
Treated hypertension, n (%) 360 (90.0) 169 (91.4) 191 (88.9) 0.499 § g
Coronary artery disease, n (%) 38 (3.1) 32 (6.3) 6 (0.8) <0.001 E E'
Peripheral artery disease, n (%) 10 (0.8) 8 (1.6) 2(0.3) 0.011 Z $
Stroke, n (%) 25 (2.0) 13 (2.6) 12 (1.6) 0.248 <§ %
Chronic atrial fibrillation, n (%) 30 (2.4) 17 (3.4) 13 (1.8) 0.071 ; g
Dyslipidaemia, n (%) 562 (45.3) 226 (44.8) 336 (45.7) 0.754 g §
GFRe <60 mL/min/1.73m?, n (%) 14 (1.1) 10 (2.0) 4(0.5) 0.019 s R
Metabolic syndrome, n (%) 396 (31.9) 176 (34.8) 220 (29.9) 0.069 ‘g., i
Renin-angiotensin system blockers, n (%) 268 (21.6) 140 (27.7) 128 (17.4) <0.001 - o
Statins, n (%) 300 (24.2) 125 (24.7) 175 (23.8) 0.708 § %18
Aspirin, n (%) 76 (6.1) 50 (9.9) 26 (3.5) 0.004 §£'§
Anticoagulants. n (%) 24 (1.9) 13 (2.6) 11 (1.5) 0.176 §§ g
Waist circumference, cm, mean (SD) 93.9 (11.9) 99.9 (9.7) 89.7 (11.5) <0.001 S % g
BMI, kg/m?, mean (SD) 28 (4.5) 28.4 (3.7) 27.8 (5) 0.010 § o %
Systolic blood pressure, mm Hg, mean (SD) 123.4 (16.8) 121 (17.3) 126.8 (15.5) <0.001 gg %-
Diastolic blood pressure, mm Hg, mean (SD) 76.8 (9.8) 78.5(9.7) 75.7 (9.7) <0.001 ZQ' 3
Plasma glucose 0hour, mg/dL, mean (SD) 100.6 (10.4) 103.6 (10.5) 98.5 (9.8) <0.001 %% g
Plasma glucose 2 hours, mg/dL, mean (SD) 115.2 (30.6) 120.3 (31.2) 111.6 (29.6) <0.001 3, ,9,3, =
HbA1c, %, mean (SD) 5.7 (0.3) 5.6 (0.4) 5.7 (0.3) 0.006 Egg
Psychological status > 3
PHQ-9 score, mean (SD) 4.2 (4.4) 3.2 (4) 4.9 (4.6) <0.001 5 -r%
PHQ-9 >10 (high risk), n (%) 144 (11.6) 39 (7.7) 105 (14.3) <0.001 g: g_
Health perception (self-reported) « §
Excellent, n (%) 36 (2.9) 23 (4.6) 13 (1.8) <0.001 Eé_ §
Very good, n (%) 248 (20.1) 121 (24.0) 17.5 (127) A
Good, n (%) 702 (57) 287 (56.8) 415 (57.2) g ;
Regular, n (%) 235 (19.1) 71 (14.1) 164 (22.6) T 3
Bad, n (%) 10 (0.8) 3(0.6) 7 (1.0) S B
Diabetes risk scores s B
FINDRISC, mean (SD) 11.1 (4.3) 10.8 (4.2) 11.2 (4.3) 0.117 g- g
DESIR, mean (SD) 11.8(1.2) 11.9(1.2) 11.8 (1.2) 0.777 ’ ;
ADA, mean (SD) 5.1 (1.5) 5.8 (1.3) 4.6 (1.5) <0.001 L‘E
3

Bold means p <0.05 g
ADA, American Diabetes Association risk score; BMI, body mass index; DESIR, Data from an Epidemiological Study on the Insulin Resistance g
Syndrome; DM, diabetes mellitus; FINDRISC, Finish Diabetes Risk Score; PHQ-9, Patient Health Questionnaire-9. Q
?’;

<

()

®
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Table 2 Baseline characteristics of the study population stratified by incidence of diabetes/no diabetes (median 7.3 years of

follow-up)
Diabetes, incidence No diabetes, incidence
(N=104) (N=1138) P value

Sex, male, n (%) 51 (49.0) 455 (40.0) 0.072
Age, mean (SD) 62.5 (6.0) 61.7 (6.1) 0.223
University studies, n (%) 24 (23.1) 371 (32.7) 0.018
Current smoking, n (%) 22 (21.2) 179 (15.7) 0.211
Alcohol consumption, n (%) 51 (49.0) 547 (48.2) 0.862
Sedentarism, n (%) 46 (44.2) 448 (39.6) 0.363
Family history of DM, n (%) 36 (35.0) 356 (31.3) 0.450
Family history of arterial hypertension, n (%) 51 (49.5) 565 (49.9) 0.945
Hypertension, n (%) 49 (47.1) 351 (30.9) 0.001
Coronary artery disease, n (%) 2(1.9) 36 (3.2) 0.482
Peripheral artery disease, n (%) 0 (0.0 10 (0.9) 0.338
Stroke, n (%) 2(1.9 23 (2.0 0.943
Chronic atrial fibrillation, n (%) 3.8 (4) 2.3 (26) 0.325
Dyslipidaemia, n (%) 47 (45.2) 515 (45.3) 0.984
GFRe <60mL/min/1.73m?, n (%) 0 (0.0) 14 (1.2) 0.255
Metabolic syndrome, n (%) 64 (61.5) 332 (29.2) <0.001
Renin-angiotensin system blockers, n (%) 37 (35.6) 231 (20.3) <0.001
Statins, n (%) 25 (24.0) 275 (24.2) 0.977
Aspirin, n (%) 3(2.9) 73 (6.4) 0.151
Anticoagulants, n (%) 1(1.0) 13 (1.1) 0.867
Waist circumference, cm, mean (SD) 101.3 (11.1) 93.2 (11.8) <0.001
BMI, kg/m?, mean (SD) 30.6 (5.0) 27.8 (4.4) <0.001
Systolic blood pressure, mm Hg, mean (SD) 129.3 (18.1) 122.8 (16.6) <0.001
Diastolic blood pressure, mm Hg, mean (SD) 79.4 (9.4) 76.6 (9.8) 0.005
Fasting plasma glucose, mg/dL, mean (SD) 112.2 (14.3) 99.5 (9.3) <0.001
Plasma glucose 2 hours, mg/dL, mean (SD) 136.5 (34.4) 113.2 (29.5) <0.001
Impaired glucose tolerance, n (%) 52 (50.0) 209 (18.4) <0.001
HbA1c, %, mean (SD) 5.9 (0.4) 5.6 (0.3) <0.001
Mediterranean diet score (PREDIMED), mean (SD) 14.0 (0.1) 13.9 (0.9) 0.429
Psychological status

PHQ-9 >10 (high risk), n (%) 22 (21.2) 122 (10.7) 0.001
Health perception (self-reported)

Excellent, n (%) 4(3.9) 32 (2.8) 0.001

Very good, n (%) 12 (11.5) 236 (20.9)

Good, n (%) 59 (56.7) 642 (57)

Regular, n (%) 24 (23.1) 211 (18.7)

Bad, n (%) 5(4.8) 6 (0.5)
Diabetes risk scores

FINDRISC, mean (SD) 13.9 4.7) 10.8 (4.1) <0.001

DESIR, mean (SD) 12.4 (1.4) 11.8 (1.2) <0.001

ADA, mean (SD) 5.9 (1.4) 5.0 (1.5) <0.001

Bold means p <0.05

ADA, American Diabetes Association risk score; BMI, body mass index; DESIR, Data from an Epidemiological Study on the Insulin Resistance
Syndrome; DM, diabetes mellitus; FINDRISC, Finish Diabetes Risk Score.
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Table 3 Performance of the FINDRISC diabetes risk score in predicting incident diabetes mellitus after 7.3 years (median) of

follow-up

Criterion Sensitivity Specificity Youden Index LR+ LR- PPV NPV
>2 100 0 0 1.00 8.40

>2 100 1.49 0.01 1.02 0.00 8.52 100
>3 100 4.57 0.05 1.05 0.00 8.77 100
>4 98.08 7.03 0.05 1.05 0.27 8.82 97.56
>5 97.12 9.84 0.07 1.08 0.29 8.99 97.39
>6 96.15 14.76 0.11 1.13 0.26 9.37 97.66
>7 91.35 21.62 0.13 1.17 0.40 9.66 96.46
>8 87.50 30.14 0.18 1.25 0.41 10.30 96.34
>9 81.73 38.84 0.21 1.34 0.47 10.92 95.86
>10 74.04 47.80 0.22 1.42 0.54 11.51 95.26
>11 65.38 57.12 0.23 1.52 0.61 12.27 94.73
>12 58.65 65.73 0.24 1.71 0.63 13.57 94.55
>13 50.96 75.04 0.26 2.04 0.65 15.77 94.35
>14 47.12 81.37 0.28 2.53 0.65 18.83 94.38
>15 33.65 87.26 0.21 2.64 0.76 19.50 93.48
>16 26.92 91.12 0.18 3.03 0.80 21.75 93.15
>17 23.08 93.76 0.17 3.70 0.82 25.33 93.00
>18 17.31 96.92 0.14 5.63 0.85 34.01 92.74
>19 11.54 98.42 0.10 7.29 0.90 40.11 92.39
>20 6.73 98.77 0.05 5.47 0.94 33.41 92.03
>21 5.77 99.38 0.05 9.38 0.95 46.05 92.00
>22 4.81 99.56 0.04 10.94 0.96 50.06 91.94
>23 3.85 99.74 0.04 14.59 0.96 57.59 91.88
>24 3.85 100 0.04 0.96 100 91.90
>25 0.00 100 0 1.00 91.60

LR+, positive likelihood ratio; LR-, negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.

the same cut-off point as FINDRISC, although the sensi-
tivity and specificity were more balanced (56.7% and
76.7%, respectively) (table 4). The negative predictive
value was 95.08%, slightly higher than that of the original
FINDRISC score. The AUROC increased to 0.70 (95% CI,
0.67 t0 0.72).

Finally, the performance of DESIR and ADA is shown in
online supplemental table 2. The best cut-off points were
>12and >b, respectively. The AUC of the ROC was almost
equal, with 0.66 (95% CI, 0.63 to 0.68) for DESIR and
0.661 (95% CI, 0.63 to 0.69) for ADA.

The results of the bivariate comparisons of the AUROCs
are provided in online supplemental table 3. The differ-
ences between values were not statistically significant. The
greatest difference was between the FINDRSC-MOOD
and DESIR scores (z=1.841, p=0.0657).

Mortality

There were 24 deaths during follow-up, that is, a crude
mortality rate of 2.57 (95% CI, 1.64 to 3.82) per 1000
person-years. When stratified by FINDRISC score, those

with a FINDRISC <14 had a crude mortality rate of 2.44
(95% CI, 1.45 to 3.86) per 1000 person-years and those
with a score >14 had a crude mortality rate of 3.03 (95%
CI, 1.11 to 6.61) per 1000 person-years. The rate ratio was
1.24 (95% CI, 0.41 to 3.27), p=0.628.

The crude mortality rate among PHQ-9 negative partic-
ipants was 2.42 (95% CI, 1.48 to 3.73), and the crude
mortality rate among PHQ-9 positive participants was
3.70 (95% CI, 1.01 to 9.48). The rate ratio between the
two groups was 1.53 (95% CI, 0.38 to 4.57), p=0.434.

Similar results were observed with FINDRISC-MOOD.
Those with a score below 14 had a crude mortality rate
of 2.32 (95% CI, 1.32 to 3.76) per 1000 person-years,
and those with a score >14 had a crude mortality rate
of 3.27 (95% CI, 1.41 to 6.45) per 1000 person-years.
The rate ratio was 1.41 (95% CI, 0.52 to 3.50), p=0.427.
In this sense, a FINDRISC-MOOD score >14 indicates
a slight increase in crude mortality compared with the
same score in the traditional FINDRISC questionnaire,
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Table 4 Performance of the FINDRISC-MOOD questionnaire in predicting incident diabetes mellitus after 7.3 years (median)

of follow-up

Criterion Sensitivity Specificity Youden Index LR+ LR- PPV NPV
>2 100 0 0 1 8.40

>2 100 1.41 0.01 1.01 0 8.51 100
>3 100 4.22 0.04 1.04 0 8.74 100
>4 99.04 6.59 0.06 1.06 0.15 8.86 98.68
>5 98.08 9.31 0.07 1.08 0.21 9.02 98.14
>6 97.12 13.53 0.11 1.12 0.21 9.34 98.09
>7 93.27 19.68 0.13 1.16 0.34 9.62 96.96
>8 89.42 27.86 0.17 1.24 0.38 10.21 96.64
>9 84.62 35.68 0.20 1.32 0.43 10.77 96.20
>10 78.85 43.76 0.23 1.4 0.48 11.39 95.76
>11 72.12 52.99 0.25 1.53 0.53 12.33 95.40
>12 67.31 61.42 0.29 1.74 0.53 13.79 95.35
>13 61.54 70.47 0.32 2.08 0.55 16.05 95.23
>14 56.73 76.71 0.33 2.44 0.56 18.26 95.08
>15 42.31 83.04 0.25 2.49 0.69 18.62 94.01
>16 34.62 86.82 0.21 2.63 0.75 19.41 93.54
>17 27.88 90.07 0.18 2.81 0.8 20.48 93.16
>18 21.15 93.76 0.15 3.39 0.84 23.71 92.84
>19 18.27 95.96 0.14 4.52 0.85 29.31 92.76
>20 11.54 96.75 0.08 BI55) 0.91 24.56 92.26
>21 11.54 98.07 0.10 5.97 0.9 35.41 92.36
>22 10.58 98.42 0.09 6.69 0.91 38.05 92.31
>23 8.65 99.21 0.08 10.94 0.92 50.10 92.21
>24 4.81 99.82 0.05 27.36 0.95 71.02 91.96
>25 1.92 99.82 0.02 10.94 0.98 49.40 91.73

Bold means the values of the better cutpoint

LR+, positive likelihood ratio; LR—, negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.

probably due to the increased mortality risk in PHQ-9
positive individuals, as we found (online supplemental
figure 1).

DISCUSSION

It is widely accepted that it is not possible to create a
perfect prediction rule. In this sense, when using ques-
tionnaires to predict future diabetes, achieving a sensi-
tivity of at least 80% (20% false negatives) is an adequate
result. This approach is optimal because diabetes risk
scores are cost-effective and can be administered in a clin-
ical or community setting.

The original FINDRISC score of =9 showed this high
sensitivity (80%). However, high sensitivity can also lead
to low specificity, which means a higher rate of false posi-
tives. This misdiagnosis can lead to unnecessary pharma-
cological treatment and psychological harm to patients.
Therefore, obtaining laboratory measurements to iden-
tify false positives is essential for questionnaires with low

specificity. The Youden Index showed an adequate cut-off
of >14 for the original FINDRISC to maintain an appro-
priate balance between sensitivity and specificity.

To compare the discriminatory ability of each diabetes
risk score, we calculated the AUROC. Several authors
have attempted to improve the AUROC of predictive
risk scores by adding laboratory measures such as fasting
plasma glucose,” 2 HbAlc alone” and HbAlc plus
fasting plasma glucose.”® This strategy improves discrim-
inative ability but hinders the goal of rapid and nonin-
vasive prediction using easily measured variables. The
predictive diabetes risk scores could be considered as
a pre-screening tool to identify individuals who would
benefit from the measurement of fasting plasma glucose
or HbAlc. This approach represents a relatively cost-
effective screening programme, as highlighted by the
International Diabetes Federation.”

Our strategy to improve the AUROC of original FIND-
RISC was the addition of five points when the PHQ-9
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questionnaire score is greater than 10 points.”' However,
the result was not statistically significantly different from
the original FINDRISC score. Although, the AUROC
of FINDRISC-MOOD presented an essential advantage
given that it reaches a value of 0.70, the minimum to
consider that a test provides sufficient discrimination.
The p value for comparing the AUROGCs was less than
0.10 between FINDRISC-MOOD and ADA (difference
between areas=0.0374; p=0.0808), and very close to
0.05 between FINDRISC-MOOD and DESIR (difference
between areas=0.0413; p=0.0657).

Our study was not designed to detect small differences
between AUROCs. We would have required a larger
sample size to achieve that. However, if there had been
sufficient power to detect differences, the question that
arises is whether the PHQ-9 questionnaire can be used
in conjunction with the FINDRISC questionnaire in
primary clinical practice. The PHQ-9 questionnaire is
self-administered and does not require much time. This
fact is particularly interesting because depression should
be screened for regularly, as per the recommendations
of the US Preventive Services Task Force.” Addition-
ally, the ADA recommends screening for depression in
patients with diabetes.”’ Depression is associated with up
to a 65% increased risk of DM,”® ** making the addition
of the PHQ-9 questionnaire a useful tool for assessing DM
risk. Moreover, the PHQ-9 can be considered a first-line
tool for diagnosing depression in primary care settings
due to its ease of administration, good acceptability and
sensitivity in detecting depression.™

Multiple authors have created predictive models for
diabetes using variables commonly included in most
diabetes risk questionnaires. Atlantis et al developed one
such model, which also accounted for the high risk of
anxiety and affective disorders by including the Kessler
Psychological Distress Scale (K10). Atlantis e al compared
two models, one with the K10 and one without. However,
they did not use hypothesis testing to compare the two
AUROC values. They found that the differences were of low
magnitude.® Also, the AUROC of their model was similar
to that of FINDRISC-MOOD. Our study took a different
approach. We tested the performance of three diabetes
risk scores and found that adding five points to the original
FINDRISC score when the PHQ-9 score was higher than 10
points did not statistically improve the AUROC.

Owing to differences in lifestyle and the prevalence of
chronic diseases such as obesity, pre-diabetes and diabetes
between communities and ethnicities, it is often necessary
to calculate the optimal cut-off point for diabetes risk scores
for each country, even state or region. From a statistical
point of view, the best cut-off point is the one that achieves
a higher Youden Index, although as previously mentioned,
this strategy can be modified depending on the purpose of
screening. According to the highest Youden Index, the best
cut-off points for the FINDRISC and FINDRISC-MOOD
questionnaires are the same (=14).

The cutoffs used change over time and according to
study site. In Europe, the original FINDRISC designed by

Linstrom and Tuomilheto in Finland' showed an optimal
cutoff 29 in two consecutive cohorts after 10 years of
follow-up with the following performance parameters
(Youden Index, sensitivity, specificity and AUC) 0.59, 78%,
81% and 0.85 in the 1987 cohort and 0.53, 77%, 76%
and 0.87 in the 1992 cohort. In the Norwegian general
population aged over 20 years, the best FINDRISC cut-off,
according to the highest Youden Index, was =11 (sensitivity,
73%; specificity, 67%) after 10 years of follow-up.

The study by Alssema et al with subjects from the
HOORN* % (n=1434), PREVEND®® ¥ (n=2713) and
MORGEN® ¥ (n=863) cohorts in the Netherlands
included six variables from FINDRISC (age, BMI, waist
circumference, use of blood pressure medication,
history of high blood glucose and family history of DM).
The total score of the original FINDRISC ranged from
0 to 22, and it yielded two acceptable cutoffs for each
cohort. Values (Youden Index, sensitivity and speci-
ficity) were as follows: HOORN cohort, 0.28, 52% and
76% for a cutoff >10and 0.26, 84% and 42% for a cutoff
>7; PREVEND cohort, 0.28, 43% and 85% for a cutoff
>10and 0.42, 78% and 64% for a cutoff >7; MORGEN
cohort, 0.80, 47% and 83% for a cutoff >10and 0.27,
75% and 52% for a cutoff >7.*” The second study by
Alssema et al'' included the previous variables used in
2008, as well as sex and smoking, with an optimal cut-off
of 27 (Youden Index, 0.39; sensitivity, 76%; specificity,
63%).

In Spain, a population-based prospective study
performed in the town of Pizarra (Mdlaga) followed 824
individuals for 6 years to evaluate the performance of
FINDRISC. The best prediction of the risk of incident
T2DM was found in subjects with a FINDRISC cut-off of 9
with an AUROC of 0.75. No information was provided on
sensitivity, specificity or the Youden Index.*

In contrast to most studies, the AUROC of the Pizarra
study was closer to our results, probably owing to a
common lifestyle pattern and a progressive decrease in
discriminative ability, as is relatively common in contem-
porary studies.

Our study has several limitations. First, the incidence
of DM was not measured by the same method as at base-
line (OGTT). However, because we used four sources
of data (self-reported diagnosis, diagnosis by general
practitioner, baseline plasma glucose levels and use of
hypoglycaemic medications), which are consistent with
other authors,43 # information bias is unlikely. Second,
the FINDRISC score estimates the risk of participants
aged 35-64 years developing T2DM within 10 years; our
study included some patients aged 65 years or older with
a follow-up period of 7.3 years. This may have changed
the accuracy of the results. Third, the diabetes risk scores
in our study were performed on a representative popula-
tion in the north of the city of Madrid. However, lifestyle,
diet and prevalence of obesity may differ from the rest
of the city, given the lower gross domestic product in the
southern area. This may limit extrapolation to these areas
or other Spanish cities. Finally, we did not have an exact
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date for the self-referred cases, which limits our ability to
perform eventfree analysis.

Our study also has important strengths. The study
population reflects the average risk of DM, without a large
number of people at high risk of developing T2DM, as in
other studies conducted in hospital samples,?” ** patients
with chronic infectious diseases'® and regions with a high
prevalence of sedentary lifestyle and obesity.” Another
strength is that the extension of the original FINDRISC,
FINDRISC-MOOD, is an easy-to-use tool that does not
require additional investment in health professionals, as
the PHQ-9 is typically self-administered.*’

CONGLUSION

The results of FINDRISC-MOOD were similar to those
of the other risk scores and do not allow it to be recom-
mended for clinical use. Nevertheless, further studies can
be conducted in different settings to address the observed
limitations and improve its accuracy.
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