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Results: Incidence rate of diabetes was 2.27 cases per 1000 person-years (95% CI: 1.4-3.6) for
group 1, 1.18 (95% CI: 0.65-2.13) for group 2 and 6.68 (95% CI: 5.71-8.23) for group 3. The most
important risk factors were: abdominal obesity (HR: 2.29 (95% CI: 1.49-3.52)) and hyperten-
sion (HR: 2.16 (95% CI: 1.41-3.30)). Using as reference group 2, group 3 had a HR of 5.82 (3.13-
10.82) and 1.83 (95% CI: 0.85-3.93) for group 1, estimates remained constant when adjusting
by lifestyle and metabolic factors.

Conclusions: Lifestyle and metabolic do not seem to explain the differences on T2DM onset

by type of prediabetes.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

The global prevalence of type 2 diabetes mellitus (T2DM) has
almost doubled in recent years, increasing from 4.7% in 1980
to 8.5% in 2014, representing a total of 422 million cases
worldwide [1]. Of note, a great proportion of patients with
T2DM are detected when either micro or macrovascular

complications are already present, avoiding any implementa-
tion against its progression [2,3]. In order to decrease the pro-
longed asymptomatic phase of T2DM and to improve its early
detection, the American Diabetes Association (ADA) [4] based
on expert panels, recommends start diabetes testing by the
health care providers for adults age over 45 years with at least
one risk factor such as body mass index (BMI) > 25 kg/m?,
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history of hypertension (HTN), low levels of high-density
lipoprotein cholesterol (HDL-C), history of gestational dia-
betes, among other conditions, targeting traditional risk fac-
tors for diabetes type 2 onset [5].

Another way to diminish the burden of diabetes type 2 is
controlling and detecting early stages such as prediabetes sta-
tus. Prediabetes is a clinical stage characterized by higher
levels of fasting plasma glucose (FPG) without reaching the
levels to consider diabetes. Between 5 and 10% of patients
with prediabetes develop in to T2DM type 2 each year [6].
There is no worldwide consensus on the definition of
impaired fasting glucose (IFG), coexisting different defini-
tions. While the ADA [4] considers IFG as FPG levels between
100 and 125 mg/dL (5.6-6.9 mmol/L), the World Health Organi-
zation (WHO) [7] and Diabetes Canada 2018 Clinical Practice
Guidelines [8] define IFG as FPG levels between 110 and
125 mg/dL (6.1-6.9 mmol/L). The WHO [7] and Diabetes
Canada [8] consider prediabetes by any of the following crite-
ria: IFG (FPG 110-125 mg/dL [6.1-6.9 mmol/L]), impaired glu-
cose tolerance (IGT) (2-hour plasma glucose in a 75g oral
glucose tolerance test [OGTT]) 140-199mg/dL (7.8-
11.0 mmol/L), or glycated hemoglobin (HbA;.) 6.0%-6.4%.

The ADA [4] considers prediabetes by any of the following
criteria: IFG (FPG 100-125 mg/dL [5.6-6.9 mmol/L]), IGT (OGTT)
140-199 mg/dL (7.8-11.0 mmol/L), or HbA;. 6.0%—6.4%.

Most of the controversy lies on the validity of these param-
eters, being FPG a more specific parameter but not sensitive
and the lack of good sensitivity and specificity for HbA,, lead-
ing into overdiagnosis. More precisely, using ADA versus WHO
criteria have shown to overestimate the cases of prediabetes
ranged of 2-5-fold times higher [9,10].

Results from different studies and metanalysis, have
reported a slowing down of the progression to T2DM among
individuals who keep optimal lifestyle factors in prediabetic
population. BMI reduction and physical activity at least 150
min per week have shown to reduce the incidence rate of
T2DM by more than 50% [11,12]. Another key feature against
diabetes onset includes a healthy diet which intends to
reduce saturated fat and increase fiber intake [13].

Prior studies have evaluated the progression to T2DM
according to prediabetes status suggesting lowest rates for
isolated IFG, following by IGT, and highest for both impaired
parameters. In contrast, HbA;. 6.0-6.4% has shown a similar
risk of T2DM than IFG [14]. Although, there is well knowledge
of the established risk factors for both prediabetes and T2DM
onset, there is a scarce knowledge about the importance of
the type of impaired glycemic parameter on diabetes onset
itself not explained via lifestyle factors and metabolic condi-
tions. We conducted a prospective cohort study at the pri-
mary care setting with prediabetic patients in order to
evaluate the impact of lifestyle factors on predicting T2DM
onset in subjects with prediabetes.

2. Material and methods

2.1.  Study design

The Cohort Study in Primary Health Care on the Evolution of
Patients with Prediabetes (PREDAPS) is a prospective study
conducted by 125 Primary Care physicians at their practices

across different provinces in Spain. The details of the cohort
have been previously cited [6]. Briefly, the study cohort
included all subjects aged between 30 and 74 years with the
absence of the following criteria: diagnosis of diabetes, termi-
nal disease, pregnancy, surgery, hospital admissions in the
previous 3 months at study entry or any hematologic disease
which could alter HbA;. values. Study subjects were subdi-
vided into two mutually exclusive cohorts according to glyce-
mic parameters following ADA criteria: prediabetic cohort
included 1184 subjects with HbA;. levels between 39 and
46 mmol/mol (5.7-6.4%) and/or FPG between 5.6 and
6.9 mmol/L (100-125 mg/dL); and the other cohort included
838 people without impaired glucose metabolism. Since this
study focuses on prediabetes, analyses were restricted to
the prediabetic cohort. Study period started on 2012 up to
the third follow-up visit (2015).

2.2.  Classification of prediabetes groups

Prediabetic cohort was subdivided in three groups mutually
exclusive based on impaired glycemic parameters. The group
1 included all subjects with only IFG (FPG > 100 mg/dL
[>5.6 mmol/L]). The group 2 was composed by subjects with
isolated impaired HbA;. (>5.7% [>39 mmol/mol]). The group
3 included subjects with both impaired parameters (FPG and
HbA;().

In order to further evaluate the influence of each parame-
ter separately, we subdivided each of the afore-mentioned
groups as follows: group 1 was subdivided in: isolated FPG
100-109 mg/dL and isolated FPG > 110 mg/dL; group 2 was
subdivided in: isolated HbA;. 5.7-5.9% and isolated HbA. -
> 6.0%; and, group 3 was subdivided in four subgroups: FPG
100-109 mg/dL and HbA;. 5.7-5.9%; FPG 100-109 mg/dL and
HbA;. > 6.0%; FPG>110mg/dL and HbA;. 5.7-5.9% and
FPG > 110 mg/dL and HbA;. > 6.0%.

2.3.  Study variables and data-collection

Data were collected at the first visit (baseline period) and at
third annual visit. Information on biographical data, family
history, personal history, lifestyle, drug treatment, social sup-
port and socio-economic position were obtained from clinical
records of study subjects and personal interview was con-
ducted by the physician. The values of FPG and HbAlc were
obtained annually in each subject to know if he had devel-
oped diabetes or not.

Hypertension (HTN) was defined as systolic blood pres-
sure > 140 mmHg and/or diastolic blood pres-
sure > 90 mmHg, being treated by antihypertensive drugs or
previous diagnosis of HTN. Hypercholesterolemia was defined
as serum total cholesterol > 250 mg/dL, HDL-C as <40 mg/dL
in men or <50 mg/dL in women, and hypertriglyceridemia
(HTG) as serum triglycerides > 200 mg/dL. Overweight was
defined as BMI between 25.0 and 29.9 kg/m?, general obesity
was defined as BMI > 30 kg/m? and abdominal obesity as
waist circumference >102cm in men and >88cm in
women [6].

The adherence to Mediterranean diet was measure accord-
ing to the study ATTICA and its score Panagiotakos [15]. For
each twenty types of studied food, subjects had to respond
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if their consumption was every day, more than three times a
week, two times each week, once a week, less than once a
week, never or rarely. Zero as a score in each meal is was con-
sidered as the subject is having a less healthy diet meanwhile
4 was considered the subject as having a very healthy one.
The general score of 0 was considered as low adherence to
diet and 80 was considered the maximum one. The adherence
to Mediterranean diet was classified in three categories: low
(0-53 points), medium (54-59 points) and high (60-80 points).
Moreover, subjects were asked about frequency of meals (i.e.
at least three meals per day and less than three meals).
Smoking consumption was classified as: smokers, ex-
smokers and non-smokers. Alcohol consumption was classi-
fied as: daily drinkers, occasional drinkers, and non-drinkers
(never or former) which included ex-drinkers and teetotalers.
Physical activity was classified according to WHO recommen-
dations. Subjects followed the recommendations if they prac-
ticed more than 150 min per week of moderate aerobic
physical activity, more than 75 min each week of vigorous
aerobic physical activity or an equivalent combination [16].

2.4.  Statistical analysis

A descriptive analysis was performed describing the baseline
characteristics (demographic distribution, lifestyle variables,
obesity, HTN and biochemical parameters) according to predi-
abetes groups using chi-square test (categorical variables) and
Student t test (continuous variables). From baseline period to
the third annual visit, we estimated the cumulative incidence
of newly diagnosed T2DM per sub-cohort as well as incidence
rates per 100 person-years (95%, confidence interval [CI]). Dia-
betes was considered when a patient presented either
FPG > 126 mg/dL (>7.0 mmol/L) or HbA;. > 6.5% (>48 mmol/-
mol). The association between demographic characteristics,
lifestyle variables, obesity, HTN and biochemical parameters
and onset was performed using a COX regression. To evaluate
the role of lifestyle factors on T2DM onset according to predi-
abetic status, we used three consecutive models: the first one
(model 1) was sex- and age-adjusted; the second one (model 2)
was sex- and age-adjusted and also by HTN, hypercholes-
terolemia, low HDL-C and HTG; the third one (model 3) was
adjusted by the ones in model 2 and also by alcohol consump-
tion, smoking, BMI, abdominal obesity, adherence to diet,
physical activity and eat three meals/ day. Hazard ratios
(HR) of T2DM onset as well as risk reduction expressed in per-
centages were calculated. Statistical analyses were performed
using the STATA package version 12.0 (StataCorp LP, College
Station, TX, USA).

3. Results

3.1. Baseline characteristics

The mean age of prediabetic cohort was 58.7 (standard devia-
tion [SD]: 9.3) years. According to ADA criteria, 21.5% (95% CI:
19.11-23.8) of study population had isolated IFG
(FPG > 100 mg/dL, group 1), 26.7% (95% CI: 24.2-29.2) had iso-
lated impaired HbA;. (HbA;. > 5.7%, group 2) and 51.9% (CI:
49.0-54.7) had both impaired parameters (FPG > 100 mg/dL ¥

and HbA;. > 5.7%, group 3). Table 1 shows the baseline charac-
teristics according to the three subgroups. Proportion of
males were 60% for group 1 (isolated impaired FPG), 40% for
group 2 (only impaired HbA,.), and 49% for group 3 (both
impaired parameters). Ap proximately 40% of subjects,
regardless the group, were aged between 60 and 69 years
old, although group 1 had a higher proportion of individuals
aged over 50 years. Most of the population (>80%), regardless
the group, had BMI > 25kg/m? although the proportion of
abdominal obesity was higher in group 3 (corresponding pro-
portions for the latter: 74% for group 3, 61.4% for group 2 and
58.3% for group 1). More than half of study subjects presented
HTN, hyperlipidemia and low HDL-C. There were no differ-
ences in distribution of remaining lifestyle factors as smok-
ing, physical activity and adherence to diet.

3.2 Cumulative incidence and incidence rate of diabetes
type 2 onset

At third follow-up, 143 study subjects (12.1%) developed
T2DM. Fig. 1 shows a graphical representation of cumulative
incidence according to three criteria of prediabetes. The high-
est cumulative incidence was 18.7% in group 3 (impaired FPG
and HbA, ), followed by 6.7% in group 1 (only impaired FPG).

When subdividing prediabetic cohort in eight subgroups
according to FPG and HbA,. levels (Fig. 2), subjects with only
FPG < 110 mg/dL and the subjects with isolated HbA;. < 6.0%
had the lower cumulative incidence of T2DM (1.40% and
2.10%, respectively). In contrast those with both impaired
parameters (FPG > 110 mg/dL and HbA;. > 6%) showed the
highest cumulative incidence (28.8%), corresponding cumula-
tive incidences were 1.3% and 1.5%, respectively.

Likewise, the incidence rate of T2DM was 4.26 (95% CIL:
3.61-5.01) cases per 100 person-years (Suppl Table 1),
although those results are based on small absolute numbers.
The incidence rate of T2DM was 6.86 (95% CI: 5.71-8.23) cases
per 100 person-years for group 3 and 2.3 (95% CI: 1.4-3.6) cases
per 100 person-years for group 1. Finally, the incidence rate of
T2DM among subjects with only FPG 100-110 mg/dL and
those with only HbA;.<6% was 0.44 cases (95% CI: 0.11-
1.78) per 100 person-years and 0.49 cases (95% CI: 0.16-1.53)
per 100 person-years, respectively.

3.3.  Multivariate regression age- and sex-adjusted

Table 2 shows the percentage of prediabetic patients who
developed T2DM according to different baseline characteris-
tics as well as the HRs of T2DM (adjusted by model 1). There
was no association with sex or age.

Regarding lifestyle factors, the most important risk factor
for T2DM onset was low-medium adherence to diet (1.98
(95% CI: 1.25-3.12)). In contrast, eating three meals per day
showed to be a protective factor (0.56 (95% CI: 0.32-0.96)).
There was no association with physical activity or tobacco
consumption.

Following comorbidities were associated about twofold
times higher of developing T2DM: HTN (2.16 (95% CI: 1.41-
3.30)), abdominal obesity (2.29 (95% CI: 1.49-3.52)),
BMI > 25 kg/m? (1.79 (95% CI: 1.28-2.50)), low HDL-C levels



Table 1 - Baseline individual characteristics from study cohort according to prediabetes type.

Characteristics PREDIABETES TYPE p value groupl vs. p value groupl vs. p value group 2 vs.
Group 1 Group 2 Group 3 groupE2 group 3 group 3
Only impaired FPG Only impaired HbA. Both parameters
(100-125 mg/dL) (5.7-6.4%) (FPG: 100-125 mg/dL
& HbA;.: 5.7-6.4%)
N % N % N %
Sex
Male 156 61.4 126 39.9 313 51 <0.001 0.005 0.001
Female 98 38.6 190 60.1 301 49
Age (years), N, mean (SD) 254 57.5 (9.5) 316 58.9 (9.8) 614 60.4 (8.8) 0.0892 <0.001 0.0164
Hypertension
No 89 35 137 43.4 165 26.9 0.044 0.016 <0.001
Yes 165 65 179 56.7 449 73.1
Hyperlipidemia
No 107 42.1 132 41.8 244 39.7 0.932 0.515 0.550
Yes 147 57.9 184 58.2 370 60.3
HDL levels (mg/dl) N, mean (SD) 254  53.5(14.0) 316 55.4 (14.2) 614 (53.9 14.5) 0.1003 0.6753 0.1290
Hypertriglyceridemia
No 186 73.2 248 78.5 418 68.1 0.144 0.133 0.001
Yes 68 26.8 68 21.5 196 31.9
Waist circumference (cm) N, mean (SD) 254 98.4 (11.8) 316 97.2 (12.6) 614 102(12) 0.2253 <0.001 <0.001
BMI (kg/m?), N, mean (SD) 254 29.0(4.5) 316 28.9 (5.0) 614 30.7 (4.8) 0.6987 <0.001 <0.001
Adherence to diet
Low-medium 186 73.2 226 71.5 454 73.9 0.037 0.766 0.004
High 68 26.8 90 28.5 160 26.1
Physical activity
Follow recommendations 104 40.9 134 42.7 291 47.4 0.678 0.083 0.172
Do not follow recommendations 150 59.1 180 57.3 323 52.6
Following at least 3 meals/day
No 23 9.1 15 4.8 40 6.5 0.040 0.189 0.279
Yes 231 90.9 301 95.3 574 93.5
Smoking
Non-smoker 97 38.2 138 43.7 297 48.4 0.039 0.016 0.087
Ex-smoker 117 46.1 113 35.8 225 36.6
Smoker 40 15.8 65 20.6 92 15
Alcohol consumption
Non-drinkers (never/former) 19 7.5 32 10.1 49 8 0.007 0.026 0.442
Occasional drinker 44 17.3 85 26.9 157 25.6
Daily drinker 191 75.2 199 63 408 66.5

No.: Cases number. FPG: Fasting plasma glucose. HbA;.: Glycated hemoglobin A;.. HTN: Hypertension. HDL-C: High-density lipoproteins cholesterol. HTG: Hypertriglyceridemia. BMI: Body mass
index.
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(1.81 (95% CI: 1.27-2.58)) and hypertriglyceridemia (1.65 (95%
CI: 1.17-2.32)).

There was no association with hyperlipidemia.
3.4.  Role of lifestyle factors in diabetes T2DM
Adjusting by sex and age (model 1) and using as reference
group 2 (only impaired HbA;.), HR of developing T2DM for
each prediabetic group (Table 3) were 1.83 (95% CI: 0.85-3.93)
for group 1 (only impaired FPG) and 5.82 (95% CI: 3.13-10.82)
for group 3 (both impaired parameters). When adding bio-
chemical parameters (model 2), estimates decreased by
10.7% (1.75 (95% CI: 0.82-3.76)) for group 1 and 17.6% (5.10
(95% CI: 2.73-9.51) for group 3, respectively. Of note, compared
to model 2, estimates remained almost constant when we
added lifestyle factors (model 3): risk reduction of 2.7% (1.73
(95% CIL: 0.80-3.73) and 7.3% (4.82 (95% CI: 2.57-9.04),
respectively.

Assessing the eight groups of prediabetes (Table 4) and
using as reference isolated HbA;. 5.7-5.9% (model 3), there
was no association among subjects with FPG 100-110 mg/dL
(0.80 (95% CI: 0.13-4.78). Contrary to these results, patients

with both highly impaired parameters (FPG > 110 mg/dL and
HbA,. > 6%) had a higher risk (20.11 (95% CI: 6.27-64.55)), with
a risk reduction of 8.5% comparing model 3 with model 2.
Finally, the risk of developing T2DM was similar in subjects
with isolated FPG > 110 mg/dL (8.35 (95% CI: 2.39-29.09)) and
subjects with FPG > 110 mg/dL and HbA;. 5.7-5.9% (8.59 (95%
CI: 2.54-29.08)).

4, Discussion

This prospective cohort included a total of 1184 prediabetic
subjects. The three categories of this cohort showed similar
baseline characteristics. The global incidence rate of T2DM
at the end of the third follow-up was 4.26 (95% CI: 3.61-
5.01) cases per 100 person-years. Subjects with both
impaired parameters (FPG and HbA,.) had the highest prob-
ability of T2DM onset. More precisely, if we take 100 partici-
pants of this category, 6 of them will develop T2DM per year
of follow-up. The incidence rate in subjects with isolated
impaired FPG or isolated impaired HbA;. were: 2.27 (95%
CL: 1.41-3.65) and 1.18 (95% CI: 0.65-2.13) cases per 100
person-years, respectively. In line with the current results,
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Table 2 - Percentage of diabetes type 2 development and Hazard Ratio (HR) according to lifestyle factors and comorbidities.

HR (95% CI)

% Diabetes type 2

Sex Male

Female

30-49

50-59

60-69

>70 (70-75)
Impaired FPG
Impaired HbA,.

Age (years old)

Prediabetes type

Both
Hypertension No

Yes
Hyperlipemia No

Yes
Low HDL-C levels No

Yes
Hypertriglyceridemia No

Yes
Abdominal obesity <88/102 cm

>88/102 cm
BMI (kg/m?) <25

>25
Adherence to diet Low-medium

High
Physical activity Yes

No
Eating more than three times a day No

Yes
Tobacco consumption Smoker

Ex-smoker

Non-smoker

Alcohol consumption Daily drinker

Occasional drinker
Non-drinker (Never/former)

11.93 1.00
12.22 1.04 (0.75-14.5)
12.83 1.16 (0.63-2.15)
11.63 1.05 (0.61-1.84)
12.45 1.20 (0.71-2.04)
11.11 1.00

6.69 1.83 (0.85-3.93)
3.48 1.00

18.73 5.82 (3.13-10.82)
7.16 1.00

14.50 2.16 (1.41-3.30)
12.42 1.00

11.84 0.92 (0.66-1.28)
10.58 1.00

16.78 1.81 (1.27-2.58)
10.45 1.00

16.27 1.65 (1.17-2.32)
6.70 1.00

14.80 2.29 (1.49-3.52)
4.50 1.00

13.20 1.79 (1.28-2.50)
13.90 1.98 (1.25-3.12)
7.20 1.00

14.37 1.00

10.26 0.74 (0.53-1.03)
19.23 1.00

11.57 0.56 (0.32-0.96)
9.64 1.00

14.29 1.51 (0.90-2.54)
11.09 1.11 (0.65-1.90)
11.28 1.00

12.24 1.13 (0.73-1.74)
18.00 1.76 (1.06-2.93)

"Hazard ratio adjusted by sex and age.

T2DM: Type 2 diabetes mellitus. HR: Hazard ratio sex- and age-adjusted. CI: 95%, confidence interval. FPG: Fasting plasma glucose. HbA,.: Glycated
hemoglobin A;.. HTN: Hypertension. HDL-C: High-density lipoproteins cholesterol. HTG: Hypertriglyceridemia. BMI: Body mass index.

Table 3 — Hazard Ratio (95% confidence interval) of diabetes type 2 according to type of prediabetes.

Prediabetes criteria

HR (95% CI)
Model 1

Model 2 Model 3

Only impaired FPG (100-125 mg/dL)
Only impaired HbA;. (5.7-6.4%)
Both parameters (FPG: 100-125 mg/dL & HbA;.: 5.7-6.4%)

1.83 (0.85-3.93)
1.00
5.82 (3.13-10.82)

1.75 (0.82-3.76)
1.00
5.10 (2.73-9.51)

1.73 (0.80-3.73)
1.00
4.82 (2.57-9.04)

T2DM: Type 2 diabetes mellitus. HR: Hazard ratio. CI: 95%, confidence interval. FPG: Fasting plasma glucose. HbA;.: Glycated hemoglobin A;..

Model 1: Adjusted by sex and age.

Model 2: Model 1 adjusted by hypertension, hypercholesterolemia, low HDL levels and hypertriglyceridemia.
Model 3: Model 2 adjusted by alcohol consumption, tobacco consumption, BMI, abdominal obesity, adherence to diet, physical activity and eating

more than three times a day.

prior studies [17,18|, which used the same diagnostic crite-
ria, observed how the incidence rate of subjects with both
impaired parameters ranged between 3 and 5-fold times
higher compared with individuals with only one impaired
parameter. Of note, in the present study, prediabetic patients
with isolated FPG<110mg/dL and isolated HbA;.<6%
showed the lowest incidence rates and no statistical
increase risk of T2DM onset.

In the present study, metabolic factors such as hyperten-
sion [19,20], impaired lipid metabolism (low HDL levels and
hypertriglyceridemia [19-22], BMI > 25 kg/m?, abdominal obe-
sity [19,22-24] showed to be positive predictors for T2DM, in
line with prior research studies. In this study, having a
low/medium adherence to diet was a protective factor against
T2DM. Other authors [22] did not find this association. It could
be possible that those patients had a higher perception and
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Table 4 — Hazard Ratio of T2DM according prediabetes criteria using a narrow cut-off points.

Prediabetes criteria

HR (CI) of T2DM

Model 1

Model 2

Model 3

Only FPG 100-109 mg/dL

Only FPG > 110 mg/dL

Only HbA, = 5.7-5.9%

Only HbA;. > 6.0%

FPG 100-109 mg/dL & HbA,. 5.7-5.9%
FPG > 110 mg/dL & HbA;. 5.7-5.9%
FPG 100-109 mg/dL & HbA; > 6.0%
FPG > 110 mg/dL & HbA;. > 6.0%

0.87 (0.14-5.21)
9.26 (2.67-32.07)
1.00

5.20 (1.38-19.62)
4.83 (1.33-17.57)
10.39 (3.08-35.07)
12.70 (3.77-42.78)
25.61 (8.03-81.64)

0.82 (0.14-4.93)
8.66 (2.50-30.05)
1.00

4.84 (1.28-18.32)
4.18 (1.15-15.25)
9.33 (2.76-31.53)
10.78 (3.19-36.40)
21.74 (6.79-69.57)

0.80 (0.13-4.78)
8.35 (2.39-29.09)
1.00

4.50 (1.19-17.06)
3.90 (1.06-14.29)
8.59 (2.54-29.08)
9.49 (2.80-32-17)
20.11(6.27-64.55)

T2DM: Type 2 diabetes mellitus. HR: Hazard ratio. CI: 95%, confidence interval. FPG: Fasting plasma glucose. HbA;.: Glycated hemoglobin A,..

Model 1: Adjusted by sex and age.

Model 2: Model 1 adjusted by hypertension, hypercholesterolemia, low HDL-C levels and hypertriglyceridemia.
Model 3: Model 2 adjusted by alcohol consumption, tobacco consumption, BMI, abdominal obesity, adherence to diet, physical activity and eating

more than three times a day.

concern of its health and therefore lower risk of T2DM onset.
When interpreting the role of BMI in T2DM onset, one cannot
rule out some source of residual confounding which could
affect the magnitude of the association, being therefore the
abdominal obesity a more valid independent predictor. Con-
trary to these risk factors, eating three meals per day shown
to be a protective factor against T2DM. Finally, alcohol con-
sumption and its possible association with T2DM still
remains unclear. The present study observed a higher risk
among occasionally and non-drinkers than among daily drin-
kers. Some authors describe the relation between alcohol
consumption and the risk of T2DM onset by a J-form [25]
and others by a U-form [22,26].

According to groups of prediabetes, patients with both
impaired parameters had a higher risk of T2DM onset, fol-
lowed by subjects with isolated impaired FPG. It is worth not-
ing that when adjusting by biochemical parameters and
lifestyle ones (model 3), the association remained constant
respective to adjusting by biochemical parameters (model 2),
specifically the risk reduction was around or below 10% for
all categories with the exception of those with FPG 100-
109 mg/dL & HbA;. > 6% (risk reduction: 15%). Based on the
small risk reduction comparing model 3 vs. model 2, lifestyle
factors do not seem to explain differences in T2DM onset.
ADA has modified the criteria for prediabetes considering
cut-off points, adding FPG: 100-109 mg/dL and HbA;.: 5.7%—
6%. Yet, diagnostic criteria of prediabetes are still controver-
sial. For example, other definitions as the one proposed by
the organization defines prediabetes as FPG (110 to 125
mg/dL) and IGT defined as 2-h plasma glucose 140-199
mg/dL after OGTT or a combination of the two based on a
2-h OGTT, not considering HbA;. levels [27]. When stratifying
in eight groups, approximately 1% of subjects with isolated
FPG <110 mg/dL and those isolated HbA;.<6% developed
T2DM at the third year of follow-up compared to 29% in indi-
viduals with FPG > 110 mg/dL and HbA;. > 6%. Based on our
results, the latest inclusion criterion advised by the ADA (i.e.
FPG < 110 mg/dL) might lead into an overestimation of predi-
abetes status leading a high proportion of false positives
[9,28-30]. Following this reasoning, it appears that combining
various parameters might be a more valid tool and accurate

predictor to classify prediabetic status [31] and doubt about
the validity of using isolated FPG 100-110 mg/dL as a predia-
betes criterion. Keeping in mind the challenges of prediabetes
criteria, future studies are warranted to quantify not only the
proportion of individuals with FPG < 110 mg/dL developing
T2DM and its prognosis, but also to evaluate which cut-off
points in FPG and HbA;. are precise parameters for public
health decision making.

4.1.  Strengths and limitations

This population-based cohort study highlights the represen-
tativeness based not only on the universal health system
implanted in Spain but also on the high response rate of
patients during each follow-up visit. However, there are sev-
eral limitations that deserve some comments. First, although
this is a prospective cohort study with an extensive data col-
lection which allows for multiple adjustment of confounders,
these data were collected at baseline period being unable to
measure changes on time (i.e. time dependent variables).
However, some of the factors considered in the present study
are chronic conditions or long-term lifestyle factors not sus-
ceptible to a fast variation within the follow-up during the
study period. Second, although we used ADA criteria, other
studies have used also Impaired Glucose Tolerance IGT which
might have limited the comparison with prior studies. Third,
although several laboratories were used across the country,
each patient was assigned to the same laboratory during
the follow-up. This limitation should be minor and expected
to be non-differential in relation to the outcome. Fourth,
when subdividing each type of prediabetes into different cat-
egories, the number of subjects in some of them is very small
and, therefore, chance variation cannot be excluded in the
differences found between some of them. Finally, it should
be noted that the present study did not evaluate the impact
of interventions but the role of those factors by type of predi-
abetes thus a direct comparison with other studies cannot be
made.

In conclusion, lifestyle factors and metabolic conditions
showed to be important risk factors for T2DM onset. Results
from randomized trials and other observational studies have
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shown how promoting new life style factors and psychical
activity might decrease notably the incidence of diabetes type
2. However, the increased risk of T2DM onset according type
of prediabetes observed in the current study cannot be
explained via lifestyle factors. Future studies are essential to
clarify which is the adequate cut-off point for each impaired
glycemic parameter in order to fully monitor and identify
high risk individuals for T2DM development. Other studies
are needed in order to evaluate if the combination of both
parameters is a better criterium of prediabetes screening.
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