Endocrine
https://doi.org/10.1007/s12020-022-03249-8

ORIGINAL ARTICLE

Check for
updates

Prediabetes is more than a pre-disease: additional evidences
supporting the importance of its early diagnosis and appropriate
treatment

J. F. Elgart’ - R. Torrieri' - M. Ré" - M. Salazar>> - W. Espeche?? - J. M. Angelini® - C. Martinez? - J. Martinez® -
C. Giampieri' - G. Etchegoyen® - J. P. Ricart' - M. E. Rodriguez® - J. J. Gagliardino’

Received: 2 September 2022 / Accepted: 31 October 2022
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Abstract

Aim To identify Prediabetes (PreD) as early and serious diabetes step using clinical-biochemical characteristics in the
population of the Primary Prevention Diabetes Buenos Aires (PPDBA) study.

Methods PPDBA Study evaluated benefits of adopting healthy lifestyles to prevent T2D. It recruited people 4575 years of
age with PreD (impaired fasting glycaemia [IFG], impaired glucose tolerance [IGT] or both, American Diabetes Association
criteria), using an opportunistic approach. They completed a FINDRISC questionnaire, and those with a score 213 points
were invited to participate. When they accepted, we performed an oral glucose tolerance test (OGTT) with a complete lipid
profile and HbA 1c while physicians completed a clinical history. We recruited 367 persons, and depending on OGTT results,
the sample was divided into normals (NGT), PreD, or with diabetes (last one was excluded in our analysis). Data were
statistically analyzed using parametric and nonparametric tests and logistic regression to identify parameters associated
with PreD.

Results From the recruited (n = 367) 47.7% have NGT, 48.5% PreD and 3.8% unknown T2D (excluded). People with PreD
were significantly older, with a higher percentage of overweight/obesity, BMI, and larger waist circumference than NGT.
They also showed significantly higher fasting and 2h post glucose load, HbAlc, and triglyceride levels. No significant
differences were recorded in the blood pressure, lipid profile though both groups had abnormally high LDL-c values. They
also had a larger percentage of TG/HDL-c ratios (insulin resistance indicator) (55% vs. 37.5%). Logistic regression analysis
showed that PreD was significant associated with age, waist circumference, and triglyceride above target values.
Conclusion Our findings showed that clinical and biochemical parameters were significantly different between people with
PreD and those with NGT. This evidence supports the concept that PreD is a serious dysfunction, which should be early
diagnosed and treated properly to prevent its transition to T2D and its complications.
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physical inactivity) [4]. We and other authors have shown,
that careful and regular follow up of these patients at the
primary care level effectively keeps them on target for
clinical and metabolic control, thereby decreasing their
cardiovascular complications [5].

Clinical manifestations of T2D are preceded by a state
identified as prediabetes (PreD), characterized by impaired
fasting glucose [IFG] - blood glucose level range 100 to
125 mg/dL in fasting- and/or impaired glucose tolerance
[IGT] -2-hour post oral glucose load with blood glucose
level between 140 to 199 mg/dL [6].

PreD is a heterogeneous state characterized by a different
annual progression rate to T2D [7]. Unfortunately, many
health-team-care-members consider PreD a pre-disease
rather than an early, serious, and costly step of T2D
pathology, which merits identical consideration to apply a
necessary brake to its continuous increase worldwide [8, 9].

Based on this experience and lacking national evi-
dence, we initiated a Pilot Program for Primary Prevention
of Diabetes of Buenos Aires Province (PPDBA), aiming at
evaluating the effectiveness of healthy-lifestyle adoption
on the clinical manifestations of T2D in people with PreD.
This implementation was preluded by an intense aware-
ness campaign addressed to physicians and other health-
care-team members at the primary care level [10, 11] to
promote the prevention of the characteristic cardiovas-
cular events [12].

In this case, we attempted to evaluate and report the
results of our recruitment procedure of people at risk of
developing diabetes in our environment, with currently
available tests. We also discussed whether to consider
PreD a pre-disease or a fully-fledged one. Thus, we
currently described the clinical and biochemical char-
acteristics of people with PreD in the population recruited
for the PPDBA study, assuming that publication of this
real-world evidence reflecting what health teams are
facing in their daily practice will promote a more
proactive attitude towards diagnosis and treatment
of PreD.

Methods

Information regarding details of the PPDBA study were
previously reported [10, 11]. Briefly, it was a prospective,
randomized cohort study evaluating the effects of adopting
healthy-lifestyles (healthy meal plans and regular practice of
physical activity) on the transition from PreD to T2D.

The study recruited men and women between 45 and 75
years of age with PreD, according to American Diabetes
Association (ADA) and European Association for the Study
of Diabetes (EASD) criteria [6] in 3 municipalities of
Buenos Aires Province (La Plata, Berisso, and Ensenada).
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People were recruited using an opportunistic approach:
when they visited their physician’s office (in public health,
social security, and private practices to ensure a wide
spectrum of socioeconomic conditions), for reasons other
than prediabetes/diabetes, filled out the FINDRISC ques-
tionnaire [13]. People with a FINDRISC score > 13 points
(cut-off value indicated by Prof Jakko Tuomilheto, a
PPDBA advisor) were invited to participate in the study and
undergo a free oral glucose tolerance test (OGTT) following
WHO recommendations [14]. After informed consent was
accepted and signed, we also measured a fasting blood
sample for concentrations of HbAlc (by high-performance
liquid chromatography technique), creatinine, total choles-
terol, high-density lipoprotein (HDL) cholesterol, low
density lipoprotein (LDL) cholesterol, and triglyceride by
commercial kits. All blood samples were processed in a
single laboratory (CentraLab, CABA, Argentina) within
24 h of extraction.

Complementarily, the physician completed a clinical form
(QUALIDIAB) that includes clinical and metabolic indicators,
self-reported history of CVD, smoking, and use of statins and
anti-hypertensive drugs [15]. Body weight was determined
with subjects wearing light clothing and no shoes. Height was
also measured without shoes, using a metallic metric tape.
Body mass index (BMI) was calculated using the formula
weight (Kg)/height (M)>. Final BMI data were classified
according to the WHO definition into three groups: Normal
weight (18.5<BMI<25), Overweight (25<BMI<30) and
Obese (BMI > 30). Waist circumference was measured with a
relaxed abdomen using a metallic metric tape on a horizontal
plane above the iliac crest. Blood pressure was defined as an
average of three measurements taken using a validated oscill-
ometer automatic blood pressure device (OMRON HEM 705
CP) with cuff and bladder dimensions depending on arm cir-
cumference [16]. Previously published cut-off points of plasma
TG/HDL-C ratios of 2.5 and 3.5 (both expressed in mg/dL)
[17], for women and men, respectively, were used to identify
participants with insulin resistance (IR). Outcome measurement
included attainment of goals defined as waist circumference
(Male: <102 cm; Female: <88 cm), LDL cholesterol <100 mg/
dl, and Triglyceride <150 mg/dl.

Depending on the OGTT results people with normal
glucose tolerance (NGT) were advised to repeat the OGTT
in 1 year, whereas those with diagnosis of T2D were
referred to their own physician for appropriate treatment.
Those who presented PreD were randomly assigned to one
of our 2 study groups (intensified and self-administered
intervention) as previously reported [10, 11].

Data analysis

FINDRISC score, clinical and laboratory data collected
during the recruitment period (2014-2016) were loaded
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and stored in a database for subsequent analysis. For this
study, no sample size was estimated a priori since all
patients who met the PPDBA selection criteria were
included. According to OGTT results the sample was
divided into NGT (FPG < 100 mg/dL and 2 h post glucose
load <140 m/dL) or having PreD, using American Dia-
betes Association criteria [6]. People who met criteria of
diabetes were excluded.

Statistical analyses were performed using SPSS (Sta-
tistical Package for Social Sciences), version 15.0 for
Windows (SPSS Inc, Chicago, IL, USA). Continuous
variables are presented as means and standard deviations
(SD) and categorical variables as proportions. Compar-
isons between NGT and PreD groups were assessed by
parametric and nonparametric tests according to the data
distribution profile (Kolmogorov-Smirnoff test) for con-
tinuous variables or using the y2 test to evaluate differ-
ences in proportions. Differences with p values <0.05
were considered significant. A logistic regression analysis
was run to identify clinical and biochemical character-
istics associated with PreD. Potential predictive factors
included gender, age, BMI, waist circumference, blood
pressure, lipid profile (Total Cholesterol, LDL Choles-
terol, and Triglyceride), TG/HDL-C ratios, and outcome
measurement as waist circumference, LDL-c and Trigly-
ceride on target. A stepwise selection procedure identified
predictive factors significant at 5%.

Ethical statement

The study protocol was evaluated and approved by the
Bioethical Committee of the National University of La Plata

IFG IGT

IFG and IGT T2D

and the Central Ethics Committee of the Ministry of Health
of the Province of Buenos Aires. The study was developed
according to the Good Practice Recommendations (Inter-
national Harmonization Conference) and the ethical guide-
lines of the Helsinki Declaration. All subjects gave their
written informed consent to participate in the study; it was
signed before blood samples were collected and the clinical
form completed.

Results

From the 367 persons recruited and according to the results
of the OGTT, 47.7% of the people have NGT, 48.5% PreD
and 3.8% of them had unknown/undiagnosed and conse-
quently untreated T2D (Fig. 1). People with TD2 were
excluded from our study; thus, the final number of people
used for statistical analysis was 353: 175 NGT and 178
PreD. The later group included 90% of people with IFG,
7,9% with IGT and 14.6% with both impairments.

FINDRISC score showed no significant differences
between groups (16.9+19 vs. 17.2+22, p=0.106).
People with PreD were significantly older, had a sig-
nificantly higher percentage of overweight/obesity, higher
BMI, and larger waist circumference than NGT (Table 1).

Their biochemical profile showed significantly higher
values of fasting and 2 h post glucose load, HbAlc values,
and triglyceride. No significant differences were recorded in
the lipid profile though both groups had high abnormal
LDL-c values.

The percentage of people having triglyceride/HDL-
cholesterol ratios above the cut off values for our
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Table 1 Metabolic characteristics of the cohort

Parameter NGT (N =175) PreD (N =178) )4
Value n Value n

Female 64.0% 112 57.9% 103 0.238

Age (years) 56.0+7.5 175 58.6+7.7 178 0.001

169+19 175 17.2+22 178 0.106
31.1+59 169 32.7+5.6 167 0.013

FINDRISC score
BMI (kg/m?)

Normal Weight 14.8% 25 4.8% 8 0.006
Overweight 29.6% 50 28.7% 48
Obesity 55.6% 94 66.5% 111
Waist (cm) 101.5+15.3 167 1059+153 165 0.018
Waist circumference  27.5% 46  20.6% 34 0.139

(<Male: 102 cm;
Female: 88 cm)

Fasting Glucose 923+8.7 175 109.1+7.7 178 0.000

(mg/dL)

Postprandial Glucose 83.2+22.5 175 110.6+34.5 178 0.000
(mg/dL)

HbAlc (%) 55+04 170 5.8+04 174 0.000
HbAlc (mmol/mol) 37 +2.7 170 40+2.7 174 0.000
SBP (mmHg) 1354+16.7 171 138.1x16.2 176 0.118
DBP (mmHg) 83.1+10.5 171 834+93 176 0.470
Total cholesterol 200.8+40.0 168 200.1x41.1 171 0.869
(mg/dL)

LDL-cholesterol 123.9+34.2 167 119.6+349 167 0.267
(mg/dL)

HDL-cholesterol 499+10.8 168 50.0+14.7 171 0.427
(mg/dL)

Triglyceride (mg/dL) 135.5+66.9 168 1554 + 171 0.009
Triglyceride on 69.0% 116 57.3% 98  0.025
target (%)

TG/ HDL-c ratio 3019 168 3.5+ 171 0.015
High TG/HDL-c ratio 37.5% 63  55.0% 94 0.001

(IR indicator)

Mean =+ Standard deviation

BMI body mass index, SBP systolic blood pressure, DBP diastolic
blood pressure, TG triglyceride, IR insulin resistance

population [17] was significantly larger in people with
PreD (55% vs. 37.5%).

The clinical records of people with PreD exhibited a
significantly higher background percentage of dyslipide-
mia, obesity, and hypothyroidism (Table 2). No sig-
nificant differences among groups were recorded in the
antihypertensive and statins drugs used, although higher
values were recorded for cardiovascular disease (17.8%.
vs. 7.9%).

Logistic regression analysis showed that PreD was sig-
nificant and independently associated with age (OR, 1.058;
95% CI, 1.026 to 1.091), waist circumference (OR, 1.018;
95% CI, 1.001 to 1.035) and triglyceride on target (OR,
0.586; 95% CI, 0.360 to 0.954) (Table 3).

@ Springer

Table 2 Clinical background, therapeutic characteristics and family
history of the cohort according to OGTT result (N = 353)

Parameter NGT PreD p
(n=175) (n=178)
Clinical background
Hypertension 92.6% 75.3% 0.000
Dyslipidemia 17.7% 29.8% 0.008
Obesity 6.3% 17.4% 0.001
Cardiovascular disease 6.6% 10.6% 0.190
Chronic obstructive 4.2% 7.1% 0.254
pulmonary disease (COPD)
Asthma 3.0% 7.1% 0.088
Hypothyroidism 4.2% 10.0% 0.038
Therapeutic characteristics
ASA use (%) 20.6% 14.6% 0.141
Antihypertensive drugs 58.9% 63.5% 0.373
use (%)
Statins drugs use (%) 18.3% 23.6% 0.220
Family history
AMI 5.1% 14.0% 0.007
Diabetes 70.2% 62.7% 0.144
Hypertension 86.9% 75.2% 0.006
Dyslipidemia 49.4% 42.4% 0.218
Cardiovascular disease 7.9% 17.8% 0.011

NGT normal, PreD prediabetes, ASA acetylsalicylic acid, AMI acute
myocardial infarction

Table 3 Logistic regression analysis

Variable B SE OR 95% CI for OR
Age (years) 0.057 0.016 1.058 1.026 1.091
Waist (cm) 0.018 0.008 1.018 1.001 1.035
Triglycerides on target (TG < 150 mg/dl)

No Referent

Yes —0.534 0.249 0.586 0.360 0.954
Intercept —4.802 1.306 0.008

SE standard error, OR odds ratio, CI confidence interval, TG
triglyceride

Discussion

Prediabetes represents a large percentage of the population
with dysglycemia, portraying a high risk of developing T2D
within a relatively short period [6, 7]. This dysfunction is
predictable but is not immediately demonstrated by FIN-
DRISC. For this reason, its metabolic dysfunction is not
diagnosed in these terms, and consequently not properly
and efficiently prevented [13].

Meantime, it has been proved that different types of
dysglucemia (IFG, IGT and their combination) have sig-
nificant different yearly-conversion-rates of PreD to
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diabetes ranging from 3 to 12 years [7], and therefore we
also need to identify their proper status by a complementary
procedure (OGTT).

Considering that IFG has already shown a 50%
decrease of B-cell population [18], PreD is also associated
with either micro- [19] or macro-angiopathic lesions—as
recently reported in these population by our group [20]—
and with consecutive cumulative diagnostic delayed car-
diovascular events [7], its non-detection and properly
treated represents a heavy but preventable economic
burden. However, despite the strong previously reported
evidences plus the current ones, PreD is not properly
considered for early diagnosis and appropriate treatment,
particularly at the primary care level.

The recently successful reversible obese-T2D induced
at primary care level in patients with less than 5 years of
diabetes duration, adds additional support/pressure to the
importance of early diagnosis of the disease. In fact, any
delay decreases the possibilities of endogenous B-cell
recovery (2-year results of the DIRECT open-label,
cluster-randomised trial) [21].

In our population, people with PreD were older com-
pared to normal ones, had larger BMI, waist circumference
and triglyceride levels, as well as a high TG/HDL-c ratio, a
well-known signs of insulin resistance. This association
shows the frequent presence of metabolic syndrome in
these people [20, 22, 23]. Simultaneously, they had
abnormally high HbAlc levels, fasting and/or postprandial
dysglycemia, or both, and more frequent antecedents of
dyslipidemia, cardiovascular disease and other pathologies
such as hypothyroidism. The later was reported by our
group [24] as well as the frequent associations with waist
circumference [11]. Altogether, these characteristics
potentiate the patient’s cardiovascular risk and add com-
plexity to their metabolic dysfuction [25, 26].

As shown in our regression analysis -for the first time-
older age and larger waist circumference increased the
probability that the person had PreD, whereas having tri-
glyceride values on target (TG < 150 mg/dl) was a protec-
tive factor.

A significant delay in pulse-wave as recently reported by
our group [20], and cardiovascular lesions [27], build up a
constellation of serious dysfunctions shown by different
authors, provide a strong support to consider the PreD
syndrome as a serious dysfunction. By adopting this atti-
tude, physicians may provide an active preventive role in
decreasing the cumulative incidence of cardiovascular
events due to PreD/diabetes [28].

In other words, our current data together with their close
concordance with other evidence arising from clinical and
biochemical indicators obtained from different ethnics,
socioeconomic populations and researchers, lend strong
support to our conclusions: i.e. we can decrease the PreD/

diabetes-diagnosis-elapsed time until effective treatment
prescription, thereby decelerating its incessant worldwide
progression, through earlier identification of the disease’s
real pathogeny.

There is no doubt that diabetes prevention requires a
combined strategy of early diagnostic attitude, thereby
providing the opportunity for treatment success, and the
decision to act together with individual and the public
health authorities’ power, to deal with the problem. By
adopting this behavior in time, we can certainly beat the
hard battle against diabetes.
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