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ABSTRACT

Objectives. To evaluate the Finnish Diabetes Risk Score (FINDRISC) modified for Cuba as a tool for the de-
tection of prediabetes and undiagnosed diabetes in Cuban population. Materials and methods. An analytical
cross-sectional and secondary source epidemiological study was conducted in 3737 adults aged 19 years and
older with at least one risk factor for diabetes, they did not have previous diagnosis of prediabetes and diabetes
mellitus and underwent oral glucose tolerance test for the diagnosis of dysglycemia. We applied the FINDRISC
and the FINDRISC modified for Latin America (LA-FINDRISC) and Cuba (CUBDRISC), each with their own
anthropometric parameters. The ROC curve was used to establish the cut-off point of each scale for the diag-
nosis of dysglycemia. Sensitivity, specificity, predictive values and likelihood ratios were calculated. The concor-
dance between scales was calculated with Cohen’s Kappa coefficient. Results. We found that 34.5% (n=1289)
of the subjects were diagnosed with dysglycemia (28.1% had prediabetes and 6.4% had type 2 diabetes without
previous diagnosis). The LA-FINDRISC and CUBDRISC scales showed an almost perfect concordance with the
FINDRISC scale for the different cut-oft values from 11 to 16 (0.882-0.890 and 0.910-0.922, respectively). The
optimal cutoff point for detecting persons with dysglycemia was > 13 for the FINDRISC and CUBDRISC scales
(sensitivity was 63.6% and 61.6%; specificity was 84.3% and 86.0%, respectively) and >11 for LA-FINDRISC
(sensitivity 58.0% and specificity 88.0%). Conclusions. We found almost perfect concordance between the dia-
betes risk scales. The FINDRISC score modified for Cuba proved to be a useful tool to identify persons with
prediabetes and diabetes with a cut-off point of 13 in a Cuban population.

Keywords: FINDRISC; LA-FINDRISC; Prediction; Screening; Type 2 Diabetes Mellitus; Prediabetes; Dysgly-
caemia (source: MeSH NLM).

INTRODUCTION

Diabetes mellitus (DM) is a heterogeneous syndrome characterized by chronic hyperglycemia and
disorders in glucose, lipid and protein metabolism, as a consequence of an absolute or relative deficit
in insulin secretion or insulin resistance .

The prevalence of DM has increased considerably in the world . In Central and South America,
it is estimated to reach a prevalence rate of 9.5% . In the 2021 statistical yearbook of the Cuban Mi-
nistry of Public Health, a DM prevalence rate of 66.9 per 1000 inhabitants was reported, three times
higher than 20 years ago ©.

Undiagnosed diabetes and prediabetes are a major concern because of the high risk of deve-
loping chronic complications and the resulting increased costs associated with them. The atlas of
the International Diabetes Federation (IDF) in its tenth edition of 2021 indicates that in the world
population aged 20 to 79 years, 537 million adults suffer from DM (10.5%), 240 million have un-
diagnosed DM (44.7%) out of the subjects with DM, 541 million have altered glucose tolerance
(AGT) (10.6%) and 319 million show altered fasting glucose (AFG) (6.2%), with risk of developing
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diabetes ©. In the Central American and Caribbean region,
32.8% of DM cases are undiagnosed ©. In Cuba, according
to the III National Survey of Risk Factors, 42.0% of the po-
pulation had unknown diabetes ©.

Interest in prediabetes has increased in recent years be-
cause of its importance as a metabolic status and predispo-
sing condition for future progression to DM and atheros-
clerotic cardiovascular disease, in addition to the fact that it
carries a high probability of developing many of the compli-
cations normally associated with this disease, such as diabe-
tic retinopathy, peripheral neuropathy, diabetic renal disease
and macrovascular complications *”%.

Currently, there is no worldwide consensus on the stra-
tegy for the detection of DM and prediabetes. Fasting blood
glucose is the most commonly used test for this purpose;
however, the oral glucose tolerance test (OGTT) is the most
specific test for the diagnosis of DM and prediabetes. Gly-
cosylated hemoglobin (HbAlc) is also recommended by
some expert committees for the diagnosis of this disease 7).

For the identification of subjects at risk for type 2 dia-
betes, simple, quick, inexpensive, and noninvasive scoring
questionnaires are available, which could reduce the number
of people who have to undergo OGTT 711,

Screening for type 2 diabetes mellitus (DM2) and pre-
diabetes, with appropriate interventions, appears to be
cost-effective . The Finnish Diabetes Risk Score (FIN-
DRISC) is one of the most effective and widely used scree-
ning tools to detect new cases of DM2 and prediabetes 112
However, FINDRISC needs to be validated in populations
other than the original Finnish population in order to deter-
mine performance attributes (sensitivity and specificity) @?.

FINDRISC is available in almost all European langua-
ges (including Spanish), has been validated in most Euro-
pean populations (442D and Spanish-speaking countries
@2, which includes Colombia ©*29, Peru @, Venezuela @),
Mexico 3, Spain 1¢?” and recently Argentina 2.

The FINDRISC scale has been modified and used in diffe-
rent Latin American countries, being called LA-FINDRISC
(2628.29) The first time, it was used in a Colombian population,
on the basis that waist circumference values are higher in
this population and that abdominal obesity is considered a
risk factor for diabetes, the score of this variable was the only
one that was modified in the FINDRISC, defining > 90 in
women and > 94 in men as the cut-off point 1>, The re-
sults of the validations of the FINDRISC and LA-FINDRISC
questionnaires showed that there are different cut-off values
for the score with which the risk of dysglycemia can be pre-
dicted, depending on the context of the countries. The cut-
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KEY MESSAGES

Motivation for the study. There is an increase in obesity and
diabetes mellitus cases in Cuba, so it is necessary to provide
easy to use, fast and inexpensive tools for the identification
of people with dysglycemia.

Main findings. For the first time in CUBA, the optimal
cut-off point for FINDRISC, LA-FINDRISC and modified
FINDRISC for Cuba (CUBDRISC) questionnaires was
established with its own anthropometric parameters to
identify people with dysglycemia.

Implications. The use of the CUBDRISC scale as a simple,
fast and low-cost tool for the active screening of people with
dysglycemia in Cuban population will be useful to establish
timely intervention strategies for people with risk score to
develop dysglycemia.

off point for identifying people with dysglycemia in Europe
ranged from 9 to 15 points 114182032 while in Latin America
it ranged from 9 to 14 points (122426293,

During the literature review, we found that, in Cuba, the
FINDRISC scale has been applied in small samples of the
populations of Cienfuegos and Pinar del Rio but without
defining the optimal cut-off value to identify people with
dysglycemia “**¥. In the two publications mentioned above,
only the distribution of the different diabetes risk scores in
each population was analyzed.

In this research, we used a modified version of the FIN-
DRISC scale for Cuba (CUBDRISC: CUBan Diabetes RIsk
SCore) in which the abdominal obesity waist circumference
values for Europe were replaced by the cut-off point for Cubans
9. As there are no previous studies in Cuba that have evalua-
ted the usefulness of the LA-FINDRISC and CUBDRISC scales
as screening tools for glucose regulation disorders, we decided
to conduct this research, that aimed to evaluate the modified
FINDRISC for Cuba (CUBDRISC) as a tool for the detection of
persons with dysglycemia (undiagnosed diabetes and prediabe-
tes) in a Cuban population and to compare the performance of
this score with the FINDRISC and LA-FINDRISC scales.

MATERIAL AND METHODS

Population and study design
This was an epidemiological, cross-sectional, analytical and
secondary source (database) study in persons with at least one

risk factor for diabetes @7, based on the database of a dysgly-
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cemia screening study in the general population conducted in
the municipality of Jaruco in 2008-2012 ©®). Jaruco is a muni-
cipality in the province of Mayabeque in Cuba, located about
30 km east of Havana. It has a territorial extension of 275.7
km?®. In addition to the town of Jaruco (approximately 9,000
inhabitants), the municipality includes the urban towns of San
Antonio de Rio Blanco, Caraballo and Bainoa.

We interviewed 9056 adult persons aged > 20 years
(mean: 53.0 and SD: 16.5) from 23 clinics in the town of
Jaruco, 905 individuals were discarded due to the absence
of diabetes risk factors, 8151 adults were identified with at
least one diabetes risk factor ?”, of these 505 had known
diabetes, who were excluded. We did not examine 3909 of
the individuals for unforeseen logistical reasons, and finally
we analyzed 3737 individuals with no previous diagnosis of
prediabetes or type 2 diabetes.

Individuals with at least one of the following risk factors for
diabetes @ were included: Age > 45 years, overweight or obe-
se adults (BMI > 25 kg/m2), family history of diabetes in the
first and second degree, waist circumference > 80 cm in women
and > 90 cm in men, obstetric history of gestational diabetes, or
children weighing > 4 kg at birth, coronary ischemic or vascular
disease of atherosclerotic origin, arterial hypertension, triglyce-
rides > 150 mg/dL (1.7 mmol/L), HDL cholesterol < 40 mg/
dL (1.03 mmol/L), low birth weight or macrosomia, sedentary
lifestyle (< 150 minutes of physical activity/week), polycystic
ovary syndrome, and Acanthosis nigricans.

People suffering from an acute illness, evident mental inca-
pacity to give reliable information, pregnant, with diabetes or in
treatment with drugs that modify glycemia were excluded. In
addition to any of the endocrine diseases associated with diabe-
tes (Cushing’s syndrome, hyperthyroidism, pheochromocyto-

ma, glucagonoma, acromegaly) or suspected insulinoma.

Definitions
All participants underwent OGTT, defined as the gold stan-
dard method for the diagnosis of prediabetes and DM2 @79,
The diagnostic criteria for DM2 and prediabetes, altered
fasting glucose (AFG) and altered glucose tolerance (AGT)
from the 2012 Cuban guidelines were used for the classi-
fication, of the 2019 ALAD and the 2024 ADA @7, defi-
ning AFG with fasting blood glucose values between > 5.6
mmol/L (100 mg/dL) and < 7 mmol/L (126 mg/dL) and at 2
hours < 7.8 mmol/L (140 mg/dL). AGT was defined with fas-
ting blood glucose values < 5.6 mmol/L (100 mg/dL) and at
2 hours > 7.8 (140 mg/dL) and < 11.1 mmol/L (200 mg/dL).
Mixed or double prediabetes was defined with fasting blood
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glucose values > 5.6 mmol/L (100 mg/dL) and < 7 mmol/L
(126 mg/dL) and at 2 hours > 7.8 (140 mg/dL) and < 11.1
mmol/L (200 mg/dL) and DM2 fasting blood glucose values
> 7.0 mmol/L (126 mg/dL) and/or at 2 hours > 11.1 mmol/L
(200 mg/dL) >7#.

The term “prediabetes” includes the presence of altered fasting
blood glucose (AFG), altered glucose tolerance (AGT) or both
conditions at the same time (AFG + AGT) ©¥, all of which imply
a high risk of developing DM2 and cardiovascular complications.

For this study, we used the term “dysglycemia” to refer
to metabolic states that meet the criteria for diabetes, some

type of prediabetes or previously undiagnosed diabetes .

Study variables

The subjects’ weight, height, waist circumference (WC) and
body mass index (BMI) were measured. WC was measured
with a measuring tape with the subject standing upright, in
expiration, with the abdomen relaxed, taking as reference
the midpoint between the lower edge of the last rib and the
anterosuperior iliac spine on each side. In cases of pendu-
lous abdomens, WC was measured at the most prominent
point of the abdomen.

Blood pressure (BP) was measured in each subject with a
sphygmomanometer with a cuff according to the size of the
arm. Previously, the subject was seated at rest for ten minutes.
The procedure was performed three times on the subject’s ri-
ght arm, with a five-minute interval. The final BP value corres-
ponded to the average of the three measurements obtained.

Each individual underwent laboratory testing at the
time of the first (baseline) blood draw, after approximately
8-12 hours of fasting. Each individual underwent the oral
glucose tolerance test (OGTT), with fasting blood glucose
measurements (venous plasma) and at 2 hours after an oral
overload with 75.0 g of anhydrous glucose. The following la-
boratory data were used: fasting and 2-hour glucose values
after OGT'T, as well as cholesterol and triglycerides.

The information was extracted from a database from
the Jaruco epidemiological study, which was created for the
active screening of DM2 in the population of that locality
and prepared by one of the co-authors ®®. In addition, the
variables of age, sex, anthropometric measurements (wei-
ght, height, BMI and WC) and BP or medication for the
treatment of hypertension were obtained, as well as family
history of DM (first and second degree), known high blood
glucose previously reported at the time the questionnaire
was applied and daily consumption of vegetables and fruits.
Likewise, information regarding physical activity (150 mi-

nutes per week) was collected.
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Original FINDRISC questionnaire
The FINDRISC is a simple diabetes risk scoring tool
originally developed in Finland to predict the incidence of
diabetes among the Finnish population aged 35-64 years 1%,
It is based on eight simple diabetes risk factors, such as age
(years), BMI (kg/m?), waist circumference (cm), history of
high blood pressure, history of raised blood glucose, family
history of diabetes, daily fruit or vegetable consumption, and
daily physical activity . The tool does not require laboratory
testing and has different scores weighted according to the
associated risk, with a final score ranging from 0 to 26 (%,

The level of risk for diabetes is evaluated in five categories 1
less than 7 points (low risk, 1% will develop DM2); between 7-11
points (slightly elevated, 4% will develop DM2); between 12-14
points (moderate risk, 17% will develop DM2); between 15-19
points (high risk, 33% will develop DM2); greater than 20 points
(very high risk, 50% will develop DM2).

The FINDRISC questionnaire was used with the data on
the variables mentioned above for each individual. The va-

riables and their scores are described in Table 1.

Modified FINDRISC for Latin America and Cuba
The modified LA-FINDRISC ®*2? and CUBDRISC ques-
tionnaires were also used for each individual and similarly
consist of eight variables: age, BMI, WC, physical activity,
daily vegetable and fruit consumption, use of antihyperten-
sive drugs, personal history of hyperglycemia, and family
history of diabetes. However, the WC cut points were ad-
justed for Latin America (WC = 94 cm for men and > 90 cm
for women) *** and for Cuba (WC = 90 cm for men and
> 80 cm for women) ®%, adding 4 points for subjects with
abdominal obesity and no points for those with lower values
of the WC cut points ?*?, the total score ranging from 0 to
26 points. See modified scales of risk of developing DM2 in
10 years (Table 1).

Statistical analysis

For the descriptive analysis, the qualitative variables inclu-
ded in the questionnaires [age, BMI and waist circumference
categorized, practice or not of physical activity, daily con-
sumption or not of vegetables and fruits, treatment or not for
AHT, history or not of hyperglycemia and history or not of
family members with diabetes or gestational diabetes, with
the presence (or not) of dysglycemia in general, prediabetes
and diabetes in particular] were expressed in absolute fre-
quency and their respective percentages (%). The Chi-squa-

re test was used to compare proportions.
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The predictive power and performance of the FIN-
DRISC, LA-FINDRISC and CUBDRISC scales in the detec-
tion of dysglycemia (unknown DM2 and prediabetes) was
determined by calculating sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV)
and the area under the receiver operating characteristic cur-
ve (AUC-ROC). The variable was considered to have good
discriminatory power when the area under the ROC cur-
ve was different from 0.5 (p < 0.05 and confidence interval
not containing 0.5). A perfect diagnostic test has an AUC of
1.0. The accuracy of a test depends on the AUC-ROC (AUC
0.9-1.0: excellent; 0.8-0.9: very good; 0.7-0.8: good; 0.6-0.7:
sufficient; 0.5-0.6: poor; <0.5 test not useful) 7).

Cut-off points were calculated for each questionnaire
from score 11 to 16. Likelihood ratios were also calculated to
determine the clinical utility of the diagnostic test for the di-
ferent cut-off points of the used scales (FINDRISC, LA-FIN-
DRISC and CUBDRISC). The respective 95% confidence
intervals (95%CI) were calculated. The predictive capacity of
each questionnaire was analyzed when comparing non-dys-
glycemic versus dysglycemic individuals (prediabetes and
detected diabetes) and by sex, as well as between prediabetes
versus individuals with normal glucose tolerance and diabetes
versus individuals with normal glucose tolerance.

The likelihood ratio (LR) was used to identify the score with
the best discriminatory ability based on estimates of AUC-ROC,
specificity, and sensitivity . A positive likelihood ratio (LR+)
> 2 and a negative likelihood ratio < 0.5 were considered useful.

The degree of diagnostic agreement of the cut-off values
obtained between the modified scales (LA-FINDRISC and
CUBDRISC) with the original FINDRISC scale (gold stan-
dard) was calculated by Cohen’s kappa coeflicient. The kappa
coefficient was interpreted on the basis of the six levels of
concordance strength proposed by Landis and Koch ®: <
0.00 (poor); 0.01-0.20 (slight); 0.21-0.40 (acceptable), 0.41-
0.60 (moderate); 0.61-0.80 (considerable) and 0.81-1.00 (al-
most perfect). P values less than 0.05 were accepted as statis-
tical significance values.

The SPSS for Windows® version 19.0 and Epidat version
3.1 statistical software were used for the data analysis.

Ethical aspects

The Jaruco study database was used for this research, and
the confidentiality of the participants was preserved. The
data analysis was approved by the Research Ethics Commi-
ttee (CEI) of the Institute of Endocrinology (INEN) (Code:
1070LH2304, October 7, 2021). The study has the authoriza-
tion of the principal researcher of the original study. The par-
ticipating researchers assume the commitment of honesty in
the analysis and reporting of the results.
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Table 1. Variables of the FINDRISC questionnaires '’ and those modified for Latin America (LA-FINDRISC) ©” and for Cuba (CUBDRISC) ®® with their

respective scores.

Score

1) Age

Less than 45 years old 0 points

45 to 54 years old 2 points

55 to 64 years old 3 points

Over 64 years old 4 points
2) Body mass index

Lower than 25 Kg\m? 0 points

25 - 30 Kg\m* 1 point

Higher than 30 Kg\m? 3 points
3) Waist circumference

FINDRISC "9 LA-FINDRISC ¢ CUBDRISC ©®

M: lower 94 cm M: lower 94 cm M: lower 90 cm 0 points

W: lower 80 cm W: lower 90 cm W: lower 80 cm

M: 94-102 cm - - 3 points

W: 80-88 cm - -

M: higher than 102 cm M: 294 cm M: 290 cm 4 points

W: higher than 88 cm W: 290 cm W: 280 cm
4) Do you usually engage in physical activity for 30 minutes per day?

Yes 0 points

No 2 points
5) How often do you eat vegetables or fruits?

Daily 0 points

Not daily 1 point
6) Have you ever taken antihypertensive medications on a regular basis?

No 0 points

Yes 2 points
7) Have you ever had high blood glucose levels (during a check-up, pregnancy, or a day when you were sick)?

No 0 points

Yes 5 points
8) Has any member of your family been diagnosed with type 1 or type 2 diabetes?

No 0 points

Yes (grandparents, uncles, aunts, cousins, nieces, nephews, wife with GD) 3 points

Yes (parents, siblings, children) 5 points

The risk of developing diabetes mellitus in 10 years is:

Total score:

Less than 7 points 1%
7-11 points 4%
12-14 points 17%
15-20 points 33%
Over 20 points 50%

Risk of developing diabetes:

Risk level interpretation:
Low

Slightly elevated
Moderate

High

Very high

M: men, W: women, GD: gestational diabetes.

RESULTS

Demographic, anthropometric, clinical and
biochemical characteristics of the participants

We studied 3737 people (supplementary material) with
some risk factor for diabetes mellitus of whom those older

than 45 years (65.3%) predominated over those younger

https://doi.org/10.17843/rpmesp.2024.414.14138

than 45 years (34.7%). However, when distributed by diffe-
rent age groups, we found differences between men and wo-
men (p=0.003; Table 2). Females predominated over males
(Table 3). There was a predominance of people with white
skin followed by those with mestizo and black skin, respec-
tively. According to BMI, 35.9% were overweight and 17.6%
had obesity; respectively, in addition, 67.6% of the indivi-
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duals presented altered abdominal circumference and 47.5%
of the subjects had AHT or treatment. Women had a higher
proportion of obesity, abdominal obesity and AHT than
men (Table 2).

Regarding the level of education, 8.8% of the adults had
university level education (329/3737), 17.8% (667/373737)
pre-university, 12.9% (483/373737) technical and 38.5%
high school education (1438/3737).

Prediabetes (AFG, AGT or AFG/AGT) was identified in
28.1% and 6.4% of those with detected DM2. We found that
men had a higher frequency of AFG than women (p=0.0005)
(Table 2). We also found that 28.1% of the individuals had
hypertriglyceridemia and 26.2% had hypercholesterolemia. The
highest percentages of hypercholesterolemia and hypertriglyce-

ridemia were found in women and men, respectively (Table 2).

Frequencies of the variables in the original
questionnaire (FINDRISC)

In the study sample, 34.7% of the subjects were under 45
years of age and in the rest of the age groups the frequency
decreased discretely (Table 3). According to waist circumfe-
rence, 38.0% of the subjects were found to have no abdomi-
nal obesity; 29.9% had mild abdominal obesity and 32.1%
had severe abdominal obesity (Table 3).

We found that 53.3% of the participants were physically
active and 17.4% consumed vegetables and fruits daily. Of
those evaluated, 47.5% were hypertensive or took antihyper-
tensive drugs. In addition, 29.9% had a first-degree family
history of diabetes or gestational diabetes. Finally, 35.5% had
ever presented high blood glucose levels (Table 3).

Table 2. Demographic, anthropometric, clinical and biochemical characteristics in persons with at least one risk factor for type 2 diabetes mellitus.

Total Women Men
Clinical and biochemical anthropometric characteristics n (%) n (%) n (%)
n=3737 n=2194 n=1543
Age
20 - 39 years 866 (23.2) 542 (24.7) 324 (21.0)
40 - 59 years 1545 (41.3) 923 (42.1) 622 (40.3)
60 - 79 years 1086 (29.1) 595 (27.1) 491 (31.8) ¢
= 80 years 240 (6.4) 134 (6.1) 106 (6.9)
Skin color
White 2970 (79.5) 1375 (79.1) 1235 (80.0)
Black 363 (9.7) 219 (10.0) 144 (9.3)
Mestizo 404 (10.8) 240 (10.9) 164 (10.6)
Body mass index
Normal weight or underweight 1737 (46.5) 948 (43.2) 789 (51.1)
Overweight 1341 (35.9) 792 (36.1) 549 (35.6)
Obesity 659 (17.6) 454 (20.7)® 205 (13.3)
Waist circumference (M > 90 cm and W > 80 cm) 2528 (67.6) 1660 (75.7)° 868 (56.3)
Arterial hypertension (=130/85 mmHg or treatment) 1774 (47.5) 1037 (52.7)° 737 (47.8)
Dysglycemia
Diabetes detected 238 (6.4) 135 (6.2) 103 (6.7)
AFG 798 (21.4) 425 (19.4) 373 (24.2) ¢
AGT 132 (3.5) 81 (3.7) 51 (3.3)
AFG + AGT 121 (3.2) 65 (3.0) 56 (3.6)
No Dysglycemia 2448 (65.5) 1488 (67.8) 960 (62.2)
Cholesterol > 5.2 mmol/L (200 mg/dL) 978°(26.2) 6355(28.9)° 343" (22.2)
Triglycerides > 1.7 mmol/L (150 mg/dL) 1050 (28.1) 565 & (25.8) 4851(31.4) ¢

 p=0.003 between age groups by sex, ® p<0.0001 vs male “p=0.0005 vs female ¢ p=0.0002 vs female © n=3732, ' n=3734, ¢ n=2193, " n=1539, ' n=1541. Chi-square test was

used for all variables.

AFG: altered fasting glucose, AGT: altered glucose tolerance, AFG + AGT: both conditions at the same time, M: men, W: women.

356 |
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Table 3. Frequencies of the variables of the original questionnaire (FINDRISC)
in persons with at least one risk factor for type 2 diabetes mellitus.

Variable n (%)
Age (years)
20-44 1295 (34.7)
45-54 744 (19.9)
55-64 722 (19.3)
>65 976 (26.1)
Sex
Men 2194 (58.7)
Women 1543 (41.3)

Body mass index

Underweight or normal weight 1737 (46.5)

Overweight 1341 (35.9)

Obesity 659 (17.6)
Waist circumference (cm)

No abdominal obesity (M <94 and W <80) 1421 (38.0)

lg:[)i_lgsibdominal obesity (M 94-102 and W 1116 (29.9)

i;\;re abdominal obesity (M >102 and W 1200 (32.1)
Physical activity *

Yes 1990 (53.3)

No 1747 (46.7)
Consumes vegetables and fruits °

Yes 649 (17.4)

No 3088 (82.6)
Has had HTA or treatment

Yes 1774 (47.5)

No 1963 (52.5)
History of high blood glucose

Yes 1326 (35.5)

No 2411 (64.5)
History of first-degree relatives with diabetes or
gestational diabetes

Yes 1116 (29.9)

No 2621 (70.1)

M: men, W: women
* Performs physical activity at least 30 minutes a day, > Consumes vegetables and/
or fruits daily.

Diagnostic concordance of the various cut-off
points according to the studied questionnaires
The modified LA-FINDRISC and CUBDRISC scales showed
an almost perfect degree of agreement with the original
FINDRISC scale for the various cut-off values from 11 to 16
(0.882-0.890 and 0.910-0.922, respectively) (Table 4).

Cut-off points for identifying persons with
dysglycemia according to the questionnaires

The optimal cutoff point was > 13 regarding the ability of the
FINDRISC and CUBDRISC questionnaires to identify persons
with dysglycemias. In contrast, the optimal cutoff point was > 11
to detect persons with dysglycemias for the LA-FINDRISC scale
(Table 5).

When analyzing the frequency of dysglycemia in the
subjects according to the presence or not of the optimal cu-
toff point > 13 for the FINDRISC and CUBDRISC scales, we
noticed that persons with this score had a higher proportion
of dysglycemia (prediabetes or DM2) (63.6% and 61.6%, res-
pectively) than those with the score lower than 13 (15.7%
and 13.9%, respectively) (p<0.0001). However, according to
the presence or not of the cutoff point > 11 for the LA-FIN-
DRISC scale, we found participants that with that score had
a higher proportion of dysglycemia (58.0%) than those with
the score less than 11 (12.0%) (p<0.0001) (data not shown).

Area under the curve and optimal cut-off points
for the detection of prediabetes or unknown
diabetes

Figure 1 shows the separate AUC-ROC curves for detection
of previously undiagnosed diabetes and prediabetes in the
analyzed sample. The AUC for prediabetes was 0.831 (95% CIL:
0.817-0.845) for the FINDRISC and CUBDRISC question-

Table 4. Diagnostic concordance of the different cut-oft points of the original FINDRISC scale with the modified scales (LA-FINDRISC and CUBDRISC).

Modified scales Kappa Standard error Significance Degree of concordance
FINDRISC LA-FINDRISC 0.882 0.008 <0.0001 Almost perfect
211p CUBDRISC 0.910 0.007 <0.0001 Almost perfect
FINDRISC LA-FINDRISC 0.893 0.007 <0.0001 Almost perfect
=12p CUBDRISC 0.915 0.007 <0.0001 Almost perfect
FINDRISC LA-FINDRISC 0.904 0.007 <0.0001 Almost perfect
213p CUBDRISC 0.921 0.006 <0.0001 Almost perfect
FINDRISC LA-FINDRISC 0.907 0.007 <0.0001 Almost perfect
zl4p CUBDRISC 0.933 0.006 <0.0001 Almost perfect
FINDRISC LA-FINDRISC 0.888 0.009 <0.0001 Almost perfect
215p CUBDRISC 0.924 0.007 <0.0001 Almost perfect
FINDRISC LA-FINDRISC 0.890 0.009 <0.0001 Almost perfect
216p CUBDRISC 0.922 0.007 <0.0001 Almost perfect

Diagnostic concordance: kappa coefficient < 0.00 (poor); 0.01-0.20 (slight); 0.21-0.40 (acceptable), 0.41-0.60 (moderate); 0.61-0.80 (considerable) and 0.81-1.00 (almost perfect).
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naires, whereas it was 0.877 for diabetes screening (95% CIL:
0.817-0.845) for FINDRISC and 0.877 (95% CI: 0.816-0.845)
for CUBDRISC. In contrast, the AUC was 0.833 (95% CI:
0.819-0.847) for the LA-FINDRISC scale identification of pre-
diabetes and it was 0.880 (95% CI: 0.857-0.902) for diabetes.

The optimal cutoff point for the FINDRISC and CUBDRISC
scales to identify prediabetes was > 12 points and for diabetes it
was > 13 and > 14 points, respectively. In contrast for the LA-FIN-
DRISC scale for prediabetes the best cutoff point was > 11 points

and for diabetes it was > 12 points (data not shown).

Table 5. Comparison of non-diglycemic vs. dysglycemic individuals (prediabetes and detected diabetes) according to various cut-off points of the

questionnaires analyzed.

Scale Cu?-oﬂ' S E PPV NPV LR+ LR- AUC p-value
points 95%IC 95%IC 95%IC 95%IC 95%IC 1C95% 95%IC
FINDRISC 53.555—.577.9 87.869—.900.5 83.%5—%?7.0 62.65%.646.3 42—;8 0.4(;»5(?52 0.739.37—?)?760
LA-FINDRISC =11 55.57%.600.3 86,85%2;)9.5 80.812—.824.4 66.68%.770.5 4;125 0.405%(?.50 0.74(1)i7-?).5768 <0.0001
CUBDRISC 52855 8291 866902 4613 4967 049058 0726075
FINDRISC 56?261 4 84.896—;7.9 7628—gl .0 69.11—.72340 33—i9 0405?(')7 50 0472.67—?).0764
LA-FINDRISC =12 58.63(3.673.2 83.%;%.8?6.4 72.74%4787.2 72.784%‘766.3 3:3“415 0.4036106.49 0.7;).27-?).7761 <0.0001
CUBDRISC SL6 BOLRL 80082 G16e4 4052 04705 0729075
FINDRISC 61.613—.666.1 82.?;;5‘8 69.782—.734.8 76;??9.8 3;1—?15 0.4%?(?.46 0.71(‘7)2.37—?)%767
LA-FINDRISC =13 62.67%.637.9 81.8531.804.5 66.60%.751.1 79.82.:2.4 3;22 0.3(;?(?.45 0.71(5).2’7-:1)?762 <0.0001
CUBDRISC 2610 MSE5 6793 70765 3949 04048 07440773
FINDRISC 65.64%.710.7 80.862—.833.6 62.‘;5—.638.0 82§3;5.3 3;’?12 0.306.?(?.42 O.7gi7—§?761
LA-FINDRISC =14 66.6;9—.722.0 79?1(3.:2.2 58.62(1693.6 84.8?a?g7.2 3;—29 0.305?3.42 0.7?;?)?748 <0.0001
CUBDRISC 63.686-.:8.9 82,%3--;5.0 67.?)9—.752.1 80%{53.0 3;“415 0.307%(;).43 0.74(1)67-?).5770
FINDRISC 95750 78585 S48 86985 3339 03103 0717078
LA-FINDRISC 215 71476‘%;17.3 77.749—.50.5 51.56%.547.1 89.90(}92144 3_’?:;8 0.209.?02.36 047(())2.37—?)..”738 <0.0001
CUBDRISC 67.78(3.753.2 80?11-.;3.1 60.65??625.8 84?7?g7.5 3;22 0.3(;?()6.40 0.7§i7-?).6761
FINDRISC 73.786—.779.7 76.717—.769.2 46.499—.572.4 92.1 3;?7 0.2%?(234 0.8(1).28—%).9845
91.0-93.2
LA-FINDRISC =1 76?2;2.2 75.736—.798.4 43.476—.59.2 93.4 3;—4;7 0.2(;;»2(;7.31 0463(3).67—?).0715 <0.0001
92.6-94.6
CUBDRISC 72.745.728.0 77.779-.830.7 52.51%.597.6 893951.7 3229 0.2%?()1.35 0.7?.27-%)’.7741

S: sensitivity, E: specificity, PPV: positive predictive value, NPV: negative predictive value. 95%CI: 95% confidence interval, LR+: positive likelihood ratio, LR-: negative likelihood ratio,

AUC: area under the curve.

358 |

https://doi.org/10.17843/rpmesp.2024.414.14138


https://doi.org/10.17843/rpmesp.2024.414.14138

REV PERU MED EXP SALUD PUBLICA. 2024;41(4):351-64.

Cabrera-Rode et al.
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Figure 1. Area under the curve (AUC) for the detection of prediabetes or unknown diabetes compared to persons without dysglycemia when applying

the different scales.
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Optimal cutoff points for identifying persons
with dysglycemia according to sex

The optimal cutoff point for identifying persons with dys-
glycemias on the FINDRISC and CUBDRISC scales for
men was 211 points (sensitivity= 67.5% and 62.3%, speci-
ficity= 86.3% and 89.0%, positive likelihood ratio of 4.9 and
5.7, AUC of 0.783 and 0.772, respectively) and =13 points
for women (sensitivity=57.9%, specificity=88.4%, positive
likelihood ratio of 5.0 and AUC of 0.761) predicted dysgly-
cemia in the subsamples studied using the FINDRISC sca-
le. In contrast, the CUBDRISC scale with a cutoft point of
>14 points identified women with dysglycemia (sensitivity=
61.6%, specificity= 86.7%, positive likelihood ratio of 4.6 and
AUC 0.763). The optimal cutoff points for men and women
for LA-FINDRISC was 11 for both sexes (sensitivity= 65.2%
and 53.3%, specificity= 86.7% and 89.0, positive likelihood
index of 4.9 and 4.8, AUC 0.775 and 0.742, respectively)
(data not shown).

DISCUSSION

The high prevalence and incidence of DM2 created the need
to develop screening tools to diagnose and predict the risk of
the disease worldwide ). Of all the studied questionnaires,
the FINDRISC is possibly the most widely accepted, and has
been used in population-based intervention studies mainly
in Europe (2152339 Latin America @***¥-*%32), and the mo-
dified one for Latin America (LA-FINDRISC) @630,

Intervention toward DM2, because of its high prevalence
and its short- and long-term complications, can be achieved by
prevention and early prediction of dysglycemia (11315163340-43)
Like other population screening studies, we have chosen the
FINDRISC (10-1220-232528-30) apnd LA-FINDRISC ®=% questionnaires
because of the ease of obtaining demographic, anthropometric,
clinical, and family history parameters to identify individuals
Wlth dySglycemla (11,12,14—16,19,21,26,29—31,33).

This is the first study adapted to the Cuban population in
which the risk score for diabetes and prediabetes is calculat-
ed for the FINDRISC, LA-FINDRISC and the modified scale
for Cuba (CUBDRISC). Validating the CUBDRISC scale for
the Cuban population is an important task because the op-
timal scores for each of the evaluated items are variable for
each population ¥,

In a multivariate analysis including all parameters of the
original FINDRISC cohort, an age > 45 years increased the
risk of DM2 19, In our study, most subjects were aged > 45

years (n=2442), so the age-associated risk was higher.
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In their study, Naranjo et al. ®* included a high proportion
of overweight and obese individuals (80.6%). The propor-
tion of overweight individuals in the aforementioned study
was higher than in our study (54.5%). In this study, wom-
en showed a higher frequency of obesity compared to men
(20.7% vs. 13.3%, respectively). Nevertheless, the frequency
of abdominal obesity according to FINDRISC categories be-
tween our investigation and that of Naranjo et al. were similar
when analyzing both sexes . However, women had a higher
proportion of abdominal obesity (= 80 cm) ¢ relative to men
(=90 cm) @ (75.7% and 56.3%, respectively).

The high proportion of women with hypertension in this
study must be the result of the increased frequency of obesity in
women compared to men. These data are different from those
found in the National Survey of Risk Factors, in which there
were no differences in the prevalence of hypertension by sex ©.

The FINDRISC questionnaire includes daily consumption
of fruits and vegetables, although this variable contributed
very little to the predictive power of diabetes in the FIND-
RISC study 9. The fact that most individuals did not con-
sume fruits and vegetables on a daily basis underscores the
importance of addressing this factor in DM2 prevention pro-
grams. A previous study conducted in primary care in Pinar
del Rio, also reported a low daily consumption of fruits and
vegetables ©°. In contrast, several studies 1*!"* that included
this variable, reported that the daily consumption of fruits and
vegetables was higher than in our study and that of Naranjo et
al.  However, it was similar to a Venezuelan study ©°.

We found 6.4% of individuals with detected DM2, as
well as 28.1% of individuals with prediabetes, using the
OGTT as a diagnostic test. In total, 1289 (34.5%) patients
presented either of the two aforementioned conditions. The
frequency of altered glucose metabolism in this research was
slightly higher than that found in primary care in a multi-
center study in Europe (30.7%; 3512/11444) V. The afore-
mentioned is reasonable since this research included people
with at least one risk factor for diabetes 7%

Regarding the frequency of prediabetes (AGT or AFG/
AGT) and DM2 detected, we did not obtain differences in
relation to sex, except in AFG, where the male sex prevailed
with respect to the female sex (24.2% vs 19.4%; respectively),
this is incongruent with most studies carried out in Europe
with a higher prevalence of DM2, in which the male sex pre-
dominated !, On the other hand, the similar frequency
of DM2 detected in both sexes does not coincide with that
reported in Cuba, where the highest prevalence of DM2 was
found in the female sex .
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The proportion of detected DM2 (n=238) and prediabe-
tes (1051) in this study suggests a substantial increase in the
prevalence of DM2 in the next 10 years, if effective preven-
tive measures are not taken. We found that having an indi-
vidual risk of moderate (12-14 points), high (15-20 points)
to very high (more than 20 points), increases the frequency
of people with dysglycemia. Several studies have found sim-
ilar results (121749,

Taking into account the different types of prediabetes
and DM2, we found that participants with prediabetes and
DM2 had a score > 12 with the following proportions for
the different diabetes risk scales (FINDRISC, LA-FINDRISC
and CUBDRISC): FINDRISC [AFG 74.9%; AGT 78.0%,
double prediabetes (AFG/AGT) 94.2% and DM2 of 84.0%].
LA-FINDRISC [AFG 70.6%; TGA 68.9%, double prediabe-
tes (AFG / AGT) 93.4% and DM2 of 82.8%] and in the CUB-
DRISC [AFG 78.6%; AGT, 82.6%, double prediabetes (AFG
/ AGT) 95.9% and DM2 of 86.6%]. The aforementioned data
from the different scales indicate that these questionnaires
detect a large number of persons with dysglycemia. Several
studies using the FINDRISC and LA-FINDRISC scales have
agreed with our results (2132523133 Consequently, the CUB-
DRISC scale detected a higher frequency of persons with
AFG and AGT than the LA-FINDRISC scale (p=0.0003 and
0.0146, respectively), which is reasonable, as the waist cir-
cumference cutoff values used for the CUBDRISC scale ¢
are lower than those used in the FINDRISC “” and LA-FIN-
DRISC scales %2049,

Few studies simultaneously compare more than two di-
abetes risk scales (FINDRISC, LA-FINDRISC and CUB-
DRISC). In other populations in Latin America and Europe,
similar results have been found between the different risk
scales, and concordance has been found between them 5249,
Such studies have considered the LA-FINDRISC scale to be
valid @) This research revealed an almost perfect degree
of agreement according to the kappa coefficient between
the LA-FINDRISC and CUBDRISC scales with the original
FINDRISC scale for all the cut-off points studied.

The authors suggest that the implementation of the
CUBDRISC and FINDRISC in the Cuban population would
be a useful alternative to detect people with dysglycemia
(prediabetes and diabetes), especially in settings with limi-
ted resources, such as those where fasting blood glucose or
other markers are not available ®. Similar results were ob-
tained with the FINDRISC and LA-FINDRISC test, which
performed adequately as a tool for the detection of dysglyce-

mia in cross-sectional studies 12V,

https://doi.org/10.17843/rpmesp.2024.414.14138

The FINDRISC was originally developed in a prospec-
tive cohort to identify individuals at high risk of developing
DM2 19, and cross-sectional studies that have analyzed the
performance of this score as a screening tool for the detec-
tion of undiagnosed DM2 and prediabetes show that opti-
mal cut points vary widely, from 9 to 15 (11161821:30454748)

The main difference between the analyzed scales was the
different cut-off points for WC (10273039 The used the WC
cut-off points in the CUBDRISC scale are lower ©® providing
4 points and the FINDRISC results in a value of zero to men
when WC was < 94 cm and a score of 3 to women with me-
asurements from 80 to 88 cm “?. In contrast, the WC cut-off
point in the LA-FINDRISC scale is much higher for both
sexes, therefore, all values below 94 cm for men and 90 cm
for women do not contribute points (zero) ¥

When analyzing all cases (both sexes), the optimal cutoff
point was > 13 to identify participants with dysglycemia in
the FINDRISC and CUBDRISC questionnaires which was
similar to that found by other authors “>?/?%)_In contrast,
the optimal cutoff point for the LA-FINDRISC question-
naire was > 11, which is lower than that reported by other
researchers (> 14) ©? and close to that obtained by Berna-
be-Ortiz et al. (> 10) ®® and Nieto-Martinez et al. (= 9) ®.
The use of the CUBDRISC scale could be recommended to
assess the risk of dysglycemia in the Cuban population, ta-
king into account that it uses the cut-off points of waist cir-
cumference for the Cuban population ©9.

We consider that the optimal scores obtained in this re-
search for the FINDRISC, LA-FINDRISC and CUBDRISC
scales to detect persons with dysglycemia and diabetes increa-
se the specificity of the survey, thus decreasing the number
of false positive cases, increasing the positive likelihood ratio
and also showing a better area under the curve 1. Never-
theless, we obtained an optimal cutoff point > 12 points for
the FINDRISC and CUBDRISC scales for the identification of
subjects with prediabetes, whereas it was > 11 points for the
LA-FINDRISC. Regarding the optimal cut-off points for the
identification of DM2 in the FINDRISC, LA-FINDRISC and
CUBDRISC scales (13, 12 and 14, respectively) were slightly
higher than for prediabetes. The cutoff points when emplo-
ying the FINDRISC questionnaire in several studies showed
close results (scores of 11, 13, 14, and 15) for the detection of
persons with DM2 (1621252845,

Literature presents several differences for the optimal
cut-off points when using the OGTT for the diagnosis of
dysglycemia, for example; Villena et al. ' (FINDRISC, Peru)
refer to a value > 13 to detect DM2. Gabriel et al. (FINDRISC,
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Europe) "V, mentions an optimal cut-off point of > 14 to identify
persons with dysglycemia. Mufoz-Gonzélez et al. (Venezuela) *”
found that a score > 14 points predicts diabetes mellitus or
disorders of glucose metabolism and suggested that patients
with LA-FINDRISC > 14 points should have an oral glucose
tolerance test ®”. Makrilakis et al. *®, in Greece, (FINDRISC)
mentioned a value > 15 as the optimal point to predict DM2.
Gomez-Arbelaez et al. ® in Colombia (FINDRISC), obtained
an optimal cut-off point > 14 points to identify DM2. Bernabe-
Ortiz et al. ®in Peru (FINDRISC), showed that the optimal cut-
off point was > 11 to detect DM2 cases. In Spain (FINDRISC),
Salinero-Fort et al. @) found that the best cutoff point was > 13,
based solely on the OGT'T criteria.

For the different scales (FINDRISC, LA-FINDRISC and
CUBDRISC), we found AUC-ROC values for persons with
prediabetes of 0.831, 0.833 and 0.831, respectively, as well as
0.877, 0.880 and 0.877, respectively, for persons with DM2
(values considered of very good precision), which are higher
than those described by other authors *'?. This makes sen-
se, since the questionnaire was applied to persons with at
least one diabetes risk factor.

Likewise, when analyzing the study population accor-
ding to sex, we found the optimal cutoff value > 11 in men to
predict dysglycemia with both the FINDRISC and LA-FIN-
DRISC scale as well as with the CUBDRISC. However, in
women, the optimal values for identifying persons with
dysglycemia were > 13 for the FINDRISC and > 14 for the
CUBDRISC; similar results have been found by other stu-
dies using the FINDRISC @749, In the case of the LA-FIN-
DRISC scale for women the optimal value for detecting dys-
glycemia was also > 11 similar to that of other studies ¢"23%,

We do not recommend using the LA-FINDRISC scale
in Cuba because the waist circumference measurements are
much higher ©@** than those used in Cuba ©®*, in addition
to reducing the score for the risk of developing diabetes, as
well as detecting fewer subjects with AFG and AGT than the
CUBDRISC scale.

Our results suggest that a cutoff value > 11 in men and >
12 in women (cutoff point to identify prediabetes) is essen-
tial to indicate an OGTT in the search for both undiagnosed
diabetes and prediabetes ?**®. In this study with the applica-
tion of the FINDRISC and CUBDRISC scales, we found that
persons with a score > 13 are at higher risk for dysglycemia.
Different validation studies of the FINDRISC scale showed
similar cut-off points (between 12 and 14) to that of this
study for the detection of dysglycemia 1229,

The use of the FINDRISC and CUBDRISC risk scales
allows us to define the population at higher risk of DM and,
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consequently, to intervene in a timely manner to eliminate
or delay its onset. Efforts in this regard include raising awa-
reness among primary care physicians, as well as the develo-
pment of public policies for prevention and public education
from an early age @°.

The cross-sectional design of our study is a limitation; the-
refore, our recommendation is to perform a follow-up of 10
years or more of the cohort to validate our risk predictions ©°.
Another limitation is that the participants came from an ac-
tive screening, therefore, the results may not be extrapolated
to the rest of the Cuban population. Most of the people were
women, and this situation can be explained in part because
there is greater compliance in attending medical appoint-
ments, they are more likely to participate in promotion and
prevention programs and to complete questionnaires.

A third limitation has to do with the fact that the OGTT
was not performed in persons who did not have risk factors
for diabetes, so it was not possible to determine the sensi-
tivity and specificity of the questionnaires, nor to calculate
the ROC curves in these individuals. However, the diabetes
screening in our study was not aimed at the general popu-
lation, which emphasizes the application of the FINDRISC;
LA-FINDRISC and CUBDRISC questionnaires in persons
with diabetes risk factors.

It can be stated, therefore, that the FINDRISC questionnaire
has been widely used, and that it has been proven in most cases
that its use is beneficial for timely detection, providing also the
benefit of low cost and ease of application (122127243 Therefore,
the CUBDRISC questionnaire can also be considered an alter-
native for screening to identify persons with dysglycemia in the
Cuban population.

The use of the FINDRISC and CUBDRISC risk scales
is a simple, fast, non-invasive, reliable and inexpensive ins-
trument that will allow the identification of individuals at
risk of dysglycemia, which could be incorporated into the
diabetes and family medicine program in Cuba, and would
serve as a reference for other populations in the region with
ethnic characteristics similar to ours. The use of these scales
not only facilitates the detection of people with high glucose
levels or unknown diabetes, but also makes it possible to ex-
clude people from undergoing an OGTT.

We conclude that there is an almost perfect concordan-
ce between the scales. The CUBDRISC score proved to be a
useful tool to identify people with dysglycemia in a Cuban
population. It defined that people with score > 13 have a hi-
gher risk of having some dysglycemia and those with score
> 12 and > 14 have a higher risk of prediabetes and diabetes,
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respectively. However, other studies similar to this one are

needed in other regions of Cuba.
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