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Abstract

Objective. To evaluate the prevalence of prediabetes (PD),
undiagnosed type 2 diabetes (T2D), metabolic syndrome
(MetS),and insulin resistance (IR) as well as related risk factors
in Mexican population from Guanajuato, Mexico. Materials
and methods. We performed a cross-sectional study in the
Mexican population from Ledn, Guanajuato, Mexico.A clinical
and metabolic evaluation was performed with an oral glucose
test (OGTT); PD, undiagnosed T2D, MetS, and IR were identi-
fied according to international guidelines. Results. Of the
| 470 participants included, 32.9% had PD, 8.4% undiagnosed
T2D, 48.1% MetS, and 55.7% IR. Main risk factors associated
withT2D and PD were central obesity, overweight, acanthosis
nigricans, family history of T2D and age. Conclusions. The
prevalence of glucose abnormalities, MetS, and IR are high
in the Mexican population, and this is related to the high
frequency of multiple risk factors in our population.
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Resumen

Objetivo. Evaluar la prevalencia de prediabetes (PD), dia-
betes tipo 2 no diagnosticada (DT2), sindrome metabdlico,y
resistencia a la insulina, asi como los factores de riesgo asocia-
dos en poblacion mexicana de Guanajuato, México. Material
y métodos. Estudio transversal en poblacion mexicana de
Leodn, Guanajuato, México. Se realizéd una evaluacion clinica y
metabolica mediante curva de tolerancia oral a la glucosa; la
definicion de PD, DT2, sindrome metabdlico y resistencia a
la insulina se hizo de acuerdo a lineamientos internacionales.
Resultados. De los | 470 participantes incluidos, 32.9%
tuvieron PD,8.4% DT?2,48.1% sindrome metabdlico,y 55.7%
resistencia a la insulina. Los principales factores de riesgo
asociados con DT2 y PD fueron obesidad central, sobrepeso,
acantosis nigricans, historia familiar de DT2, y edad. Con-=
clusiones. La prevalencia de anormalidades en la glucosa,
sindrome metabolico y Rl son altas en poblacion mexicana,
y esto esta relacionado con la alta prevalencia de multiples
factores de riesgo en nuestra poblacion.
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ype 2 diabetes (T2D) accounts for 90-95% of all dia-

betes types and includes people who have a relative
insulin deficiency and peripheral insulin resistance (IR).
The global prevalence of T2D in Mexico in population
> 20 years of age has been estimated to be more than
10%. This prevalence is higher in women (11.4%) than
in men (9.1%).! According to a population health sur-
vey, 25% increase in T2D was detected in a period of
7 years, and it has been estimated that around 50% of
people with T2D don't know they have the disease.2 The
International Diabetes Federation (IDF) estimated that
North America and the Caribbean region spent USD
414.5 billion on diabetes in 2021 and its prevalence will
increase by 24% (from 51 to 63 million) by 2045.%

Prediabetes (PD) is a condition that appears before
the onset of T2D. According to the American Diabetes
Association (ADA) criteria, PD is diagnosed with fast-
ing plasma glucose (FPG) 100 to 125 mg/1 (impaired
fasting glucose [IFG]) or 2 h glucose levels during oral
glucose tolerance test (OGTT) between140 and 199
mg/dl (impaired glucose tolerance [IGT]) or HBA1C
5.7 to 6.4%. Each of these criteria places individuals
at increased risk of developing T2D and its complica-
tions. The incidence of T2D in subjects with IFG or ITG
is 4 to 6% every year, however, in patients with mixed
prediabetes (IFG + IGT), the risk of developing T2D
increases to 10%.* The prevalence of IFG and IGT varies
internationally by ethnicity; the IGT global prevalence in
adults aged 20 to 79 years has been estimated at 7.3%.°
In Mexico, a PD prevalence of 15-22% has been reported
in young adults.®

Different risk factors may be associated with PD
and T2D: body mass index (BMI) >25 kg / m?, first-degree
relative with T2D, high-risk race/ethnicity, history of
cardiovascular disease (CVD), hypertension, low concen-
tration of HDL cholesterol and / or a high concentration
of triglyceride, physical inactivity, acanthosis nigricans,
HbAI1C 25.7%, age =45, women with polycystic ovary
syndrome and those who were diagnosed with gesta-
tional diabetes mellitus (GDM).

However, the global prevalence of T2D and PD
varies according to population and diagnostic tool used,
fasting glucose and 2h glucose post-OGTT or HbA1C
mean something different from a physiopathological
standpoint. The goal of this work was to evaluate the
prevalence of prediabetes, undiagnosed T2D, metabolic
syndrome (MetS), and IR, as well as the associated risk
factors in adult Mexican patients from Ledén, Guana-
juato, Mexico.
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Materials and methods

Subjects

The study population included 1 470 subjects without
a known diagnosis of T2D or prediabetes 18-65 years
of age from Leén, Guanajuato, Mexico. Patients were
not included if they were taking medications that af-
fect glucose metabolism, if they were pregnant or if
they reported any other severe illness that influences
glucose metabolism. Patients were included by a non-
random sampling from the general population and
from workers at the University and their families who
were invited to participate in a general metabolic evalu-
ation; patients were invited to participate in the study
through informative spots in different Departments
from the University of Guanajuato performed by the
research team. The average range of acceptance from
those invited to participate in the study was between
85-90%. Data were collected between September 2014
and October 2019.

Study design

This was a cross-sectional analysis derived from the
Metabolic University Cohort conducted at the Labora-
torio de Investigacion del Metabolismo, Departamento de
Medicina y Nutricion, University of Guanajuato, Mexico.
The study protocol was approved by the Research
Council at The University of Guanajuato (THR/DMN-
MC/56/12). Written informed consent was signed by
all participants. All patients attended the Laboratorio de
Investigacién del Metabolismo at the University of Guana-
juato for a metabolic evaluation, and a clinical history
and a physical examination were performed to identify
T2D risk factors.

Anthropometrical measurements

Weight and height were measured while participants
were barefoot and wearing minimal clothing with their
shoulders in a normal position. BMI was obtained from
standardized measurements of weight and height and
was computed as a ratio of weight (kg): height squared
(m?). Waist circumference was measured at the high
point of the iliac crest at the end of normal expiration
to the nearest 0.1 cm, and it was considered high when
it was >90cm in men and >80cm in women. Body com-
position (body fat percentage and visceral index) was
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assessed with electrical bioimpedance through a Tanita
Scale SC-240. All measurements were performed by
personnel trained to use standardized procedures and
reproducibility was evaluated, resulting in concordance
coefficients between 0.88 and 0.94.

Clinical and metabolic evaluation

Resting blood pressure was measured twice using the
auscultatory method using a sphygmomanometer in
the seated position (HEM-714; Omron Healthcare, Inc.,
USA). Patients reporting previous diagnosis of HBF,
use of antihypertensive medications or SBP >140mmHg
and/or DBP >90mmHg, were considered hypertensive.
The average of two blood pressure measures was used
in the analysis.

Oral glucose tolerance test (OGTT): All subjects were ad-
mitted to the Laboratorio de Investigacion del Metabolismo
on the day of the study between 7 and 8 AM, and after
8-10 h fasting; a catheter was placed into an antecubital
vein for all blood withdrawal. Subjects will not be al-
lowed to eat or drink anything after 10 PM on the night
before until the study is completed. After the intrave-
nous catheter was placed and the first blood sample was
drawn, the patients ingested 75 g of glucose. Plasma
samples for glucose measurement were drawn at 0 min
and every 30 min thereafter for two hours. Lipid levels
were obtained at fasting and together with glucose were
measured by a colorimetric method (Kodak Ektachem
DT60II).

T2D was diagnosed with FPG =126 mg/dl or 2-h
plasma glucose (PG) >200mg/dl during OGTT. Predia-
betes was diagnosed with FPG 100 to 125 mg/1or 2-h PG
during OGTT 140 to 199 mg/dl.” MetS was defined by
having three or more of the following criteria: triglycer-
ides levels 2150mg/ dl, low HDL-cholesterol <40 mg/dl
in men and <50 mg/dl in women; high blood pressure
>130/85mmHg, hyperglycemia =100 mg/dl, and waist
circumference 290 cm in men and >80cm in women.%’
IR was calculated as reported by Matthews and col-
leagues,'’ and a value >2.0 was used to define IR.! Risk
factors for hyperglycemia were obtained according to
the American Diabetes Association recommendations.”

Statistical analysis

Data are reported as means and percentages. Inter-group
differences were assessed by one-way ANOVA with the
Bonferroni Post Hoc test. Qualitative variables were
compared by Pearson’s chi-square. Association between
variables was assessed by odds ratio and by multiple
logistic regression analysis, including as a predictor

290

the main T2D risk factors; interactions between all risk
factors for T2D were evaluated. A minimum sample
size of 976 subjects was needed to identify a 22.1 +
2.6% prevalence of prediabetes and a 5.8 + 1.5% of new
T2D with a 95% confidence level, according to recent
publications in Mexican population.’? A p-value < 0.05
was considered statistically significant. SPSS, version
21 was used to perform statistical analysis.

Results

Atotal of 1598 patients were screened to participate in the
study, but only 1470 meet the eligibility criteria. The aver-
age age was 41 + 13 years; there were 64.8% females and
35.2% males. From the total studied population, 41.3%
(n=608) presented glucose abnormalities. Prevalence of
prediabetes was 32.9% (95%ClI 30.5,35.3%, n= 484) and
undiagnosed T2D was 8.4% (95%CI 7.0,9.8%, n= 124).
IFG was the most prevalent criteria for the diagnosis of
prediabetes (13.8% 95%CI 12.0,15.6%) followed by the
combination of IFG + IGT (11.9% 95%CI 10.2,13.5%) and
IGT (7.2% 95%C1 5.8,8.4%).

The prevalence of glucose abnormalities increased
with age. BMI, central obesity, body fat, insulin resis-
tance and dyslipidemia significantly worsened in PD
and undiagnosed T2D groups compared to the normo-
glycemic group (table I, p<0.05). Total cholesterol and
visceral adiposity were significantly higher in PD and
undiagnosed T2D, while HDL cholesterol was signifi-
cantly lower in these groups when compared with nor-
moglycemic patients (PD 41 95%CI 40-42mg /dl, T2D 40
95%C138-42mg/ dl, NG 44 95%CI 53-46mg / dl, p<0.001).
However, these variables were not different between
prediabetes and undiagnosed T2D (table L, p 20.05). The
global prevalence of IR by homeostasis model assess-
ment (HOMA-IR) was 55.7% 95%CI 52.5-58.8%, 41.7%
95%CI 37.5-45.8% in NG, 71.4% 95%CI 66.6-76.1% in
PD, and 82.9% 95%C1 74.2-91.5% in undiagnosed T2D,
similar to the prevalence of overweight between groups.

Main risk factors associated with PD, when com-
pared to NG were: male sex (OR 2.03 95%CI 1.53,2.70,
p<0.001), age > 45 years (OR 1.79 95%CI 1.15,2.78, p
0.009), BMI > 27 kg/m? (OR 1.71 95%CI 1.22,2.40, p
0.002), central obesity measured by WC (OR 1.96 95%CI
1.33,2.89, p 0.001), high blood pressure (HBP) (OR 1.54
95%CI 1.02,2.34, p 0.040), family history of T2D (OR
1.42 95%CI 1.04,1.94, p 0.026) and dyslipidemia (OR
2.2195%CI 1.53,3.20, p<0.001). On the other hand, the
main risk factors associated with undiagnosed T2D,
when compared to normoglycemia, were male sex, age,
overweight, central obesity, HBP, family history of T2D,
fetal macrosomy / gestational diabetes, and acanthosis
nigricans (all p<0.05, table II). When comparing PD
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Table |

CLINICAL AND BIOCHEMICAL CHARACTERISTICS BETWEEN THE STUDY GROUPS

Groups
(n=1470)
NG (n=862) PD (n=484) nT2D (n=124) b value (ANOVA)

Age (years) 375+ 130 45.3 £ 12.5% 50.3 £ 10.5%+ p<0.0001
BMI (kg/m?) 268+52 30.2 £ 5.6% 322 £ 5.9%# p<0.001
Waist circumference 864+ 13 95.1 £ 12* 100.2 + 3%+ $<0.0001
Body fat (%) 322+89 35.5 + 8.5* 38.6 £ 9.0%F p<0.002
Visceral index (AU) 726 10.8 + 4.6% 12.0 + 5.0% p<0.0001
Fasting glucose (mg/dl) 897 104 + 8* 146 + 56%+ p<0.0001
2h_OGTT glucose (mg/dl) 102 £ 20 141 +29* 264 + 83+ p<0.0001
HOMA-IR 216 £1.79 345 £ 241* 489 +3.38* p<0.0001
HOMA-IR =2.0,n (%) 360 (41.7) 345 (71.4) 103 (82.9) $<0.0001
Total cholesterol (mg/dl) 180 + 38 190 + 39* 193 + 39* p<0.002
HDL-C (mg/dI) 45+ 13 4] = 14* 40+ | 1* p=0.003
Triglycerides (mg/dl) 142 + 87 178 + 86* 203 £ 97%+ p=0.016
SBP (mm Hg) 113+ 14 121 £ 16* 128 + | 9%+ p<0.0001
Perceived CD risk, n (%)

Very high (9.0) (15.3) (23.3)

High (46.2) (46.5) (51.7) 0003

Low (39.3) (322) (21.7)

Very low (5.5) (6.0) (33)

Data presented as means = standard deviation.

AU:arbitrary units; BMI: body mass index; CD: chronic disease; HDL-C: high-density lipoprotein cholesterol; NG: normoglycemia; PD: prediabetes; SBP: systolic
blood pressure; nT2D: undiagnosed type 2 diabetes; OGTT: oral glucose tolerance test; HOMA-IR: homeostasis model assessment

*p<0.05 v.NG.
#p< 0.05 vs. PD. Bonferroni post hoc test.

vs. undiagnosed T2D only age, previous gestational
diabetes mellitus, and acanthosis nigricans were sig-
nificantly associated with T2D (all p<0.05, table IT). No
interaction between risk factors were found.

According to ATP III criteria, the prevalence of
metabolic syndrome was 48.1% 95%Cl 45.3,50.8%
among the participants in this study. The most prevalent
MetS components were abdominal obesity (69% 95%CI
67.0,71.1) and low HDL-C (64% 95%CI 60.9,66.2), fol-
lowed by hypertriglyceridemia (43% 95%CI 39.5,45.0),
high fasting glucose (33% 95%ClI 31.3,36.5), and HBP
(32% 95%CI 28.5,33.6). All MetS components were
progressively associated with PD and undiagnosed
T2D (table III).

Discussion

In this work, we found glucose abnormalities in 41.3% of
the studied population, 32.9% with PD, and 8.4% with un-
diagnosed T2D, as well as a 48.1% prevalence of metabolic
syndrome and 55.7% of IR. The main factors associated

salud piiblica de méxico [ vol. 66, no. 3, mayo-junio de 2024

with T2D and PD were male sex, overweight, central
obesity, age family history of T2D, and dyslipidemia.

The prevalence of T2D and PD varies depending on
the studied population and the used diagnostic method.
Prevalence of undiagnosed T2D using FG has been re-
ported in 2.3 and 1.7% in France,'** 1.13% in Canada, '
6.9% in Kuwait,'° 1.5% in Greece,'” 5.48% in the Eastern
Mediterranean region'® and 3.96% in Bangladesh;' us-
ing OGTT, the prevalence of undiagnosed T2D was 8.7%
in Sry-Lanka.” In Spain using OGTT as a diagnostic
test, the prevalence of undiagnosed T2D was 4.3% and
risk factors associated with T2D were male sex, obesity,
high triglyceride levels, hypertension, family history of
T2D, high LDL cholesterol levels, and older age.” Here
we found a higher prevalence of hyperglycemia and
not all the same risk factors associated with PD or T2D,
which could be related to a difference in lifestyle. Also
in Mexico, using FG and HbAlc during the National
Health and Nutrition Survey (Ensanut, in Spanish), the
prevalence of undiagnosed T2D was 4.10, 6.38 and 4.55%
in 2016, 2018, and 2020, respectively.'?
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Inastudy performed in Texas, USA using OGTT, the
global T2D prevalence was 27.6%, and from those, 40%
were previously undiagnosed and the main factors associ-
ated with T2D were age, obesity, HBE, and triglycerides.”

Here we found a prevalence of undiagnosed T2D
of 8.4%, which is in agreement whit the high prevalence
reported in the Mexican American population, but
higher than previously reported by the Ensanut. This
difference could be due to the diagnostic tool used to
identify T2D since the OGTT could be more useful to
identify patients with hyperglycemia than just FG or
HbA1c.2*% In this study, we are reporting on the high-
est prevalence of undiagnosed T2D, and this highlights
also the high risk of metabolic disturbances in the Latin
population and the relevance of these abnormalities in
prognosis and mortality in the era of Covid-19, since a
great percentage of patients were unaware of hypergly-
cemia and T2D and by consequence did not have proper
metabolic control, affecting prognosis, as previously

reported, especially in Mexican population were obesity
and T2D have been considered important risk factors
for mortality in Covid-19.26% Unfortunately, in Latin
American Countries undiagnosed T2D corresponds to
40-50% of the global T2D prevalence, which is different
in some other Countries where undiagnosed T2D could
be no more than 20% of the global T2D prevalence.”
Unfortunately, high prevalence of glucose and meta-
bolic abnormalities is a significant burden on health sys-
tems, and it highlights the need for specific diagnostic and
therapeutic strategies. It is necessary to reinforce lifestyle
interventions in patients with prediabetes and in general
population, since lifestyle interventions focused on diet
and physical activity have proved to be useful to prevent
T2D in patients with prediabetes;***% together with this,
it is important to continue performing research studies
with different lifestyle and pharmacological approaches
not only to prevent T2D but also to revert prediabetes to
normoglycemia, which would be the therapeutic goal

Table Il

AsSOCIATION BETWEEN RISK FACTORS AND THE PRESENCE OF PREDIABETES AND T2D

Groups Comparison between groups

(n=1470) NG PD 72D PD vs.NG 72D vs. NG 2D vs.PD

(n=862) (n=484) (n=124) OR95%Cl OR95%Cl OR95%Cl
OR 2.03 (1.53-2.70 OR 1.78 (1.06-2.99 OR 0.97 (0.60-1.59
Male sex 2%3(30) 202(44) 42(34) - {1932.70) o {.0e2%) o (oo t=)
Physical inactivity, n (%) 509 (60) 292 (60) 79 (65) OR 0‘:: ((>°7'7|3,,' 1.23) OR 'ﬁ: (()0;’;36- 1.70) OR 'p'f (%‘;' 1.88)
Age (years) OR 1.02 (1.00-1.04) OR 1.06 (1.03-1.10) OR 1.04 (1.01-1.07)

Y p= 0022 p< 0.001 p= 0.004
. OR 1.79 (1.15-2.78 OR5.10 (3.11-8.35 OR 1.71 (1.07-2.74
Age > 45 years n (%) 239 (29) 257 (55) 78 (68) p 5.009 ) P<é.00| ) b= (().02 4 )
BMI > 27 kg/m? n (%) 370 (43) 333 (69) 100 (81) OR I'p7=| (()l(.)%)zz-z.40) OR 2:: (()I(',z,?'4'25) R I;j ((,03'?,'2'42)
WC (290cm M, =80cm F) 478 (57)  385(83) 109 (94) ORI :f ((,I(’)?,Tz'g(’) R 321 (OI 5‘& 1067) R 2;3 (()ol. 292'5'57)
. OR 1.54 (1.02-2.34 OR 2.18 (1.23-3.86 OR 1.13 (0.66-1.95
HBP n (%) 66(8)  89(I18)  37(30) o (().0 10 ) o= (()'007 ) - (() 646 )
FaniyhsoyoTIDn ) GBS WAGn ey ONIR(OHIM  OR2M(ZAI)  ORIS 082y
. OR 0.62 (0.23-1.68 OR 0.84 (0.22-3.17 OR 1.30 (0.38-4.46
CVD n (%) 14(2) 102 5(4) p= 3.354 ) p= ((),soo ) p= (().667 )
. OR 0.80 (0.45-1.45 OR 2.23 (1.06-4.69 OR 2.21 (1.02-4.76
FM or GDM n (%) 46 (5) 25(5)  18(I5) b (() phad ) o (().033 ) o (().0 0 )
. OR 1.24 (0.65-2.36 OR 1.35 (0.47-3.89 OR 1.03 (0.36-2.95
POSn (%) 35¢4) 240) 60) p= <(>.502 ) p= (().569 ) p= ((>.942 )
hambossngicnsn () 750) s sqo  ONIBOEIT) OR2(SSE) OR2H (12344
Dyslipidemia n (%) 602 (72) 419(88) 108 (89) oR 2‘p2<| ((,I6503|'3‘20) oR 2;2 (()I(',I,;'4‘23) oR ng ((,04;‘;' 1)

CVD: cardiovascular disease; BMI: body mass index; FM: fetal macrosomia; GDM: gestational diabetes mellitus; HBP: high blood pressure; NG: normoglycemia;
PD: prediabetes; POS: polycystic ovary syndrome; T2D: type 2 diabetes.
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in patients with prediabetes. Besides that, it is also im-
portant to detect as early as possible patients with newly
T2D and implement an integral intervention to achieve
cardiovascular and metabolic control for prevention of
micro and macrovascular complications.!

The main risk factors reported associated with T2D
are male sex,21%5 age, 2021233638 gesity, 202123353 dyslip-
idemia,?"? family history of T2D,?'53638 and HBP.?'?3
In our study, the main risk factors associated with T2D
in the multivariable analysis and after age adjustment
were male sex, family history of T2D, overweight, cen-
tral obesity, and acanthosis nigricans.

In previous studies, the prevalence of PD has been
reported between 2.22-74.7% using FG,3193540 and
between 11.0-32.0% using OGTT.2\% In the Mexican-
American population, using FG they reported a preva-
lence of PD of 32%, and they found male sex and family
history of T2D as the main risk factors for PD.* Also
in the Mexican population, in a sample of 384 using
FPG and/or HbAlc in a population with at least one
T2D risk factor, they found a PD prevalence of 74.7%,
being age and obesity as the main risk factors.”” Other
studies in the Mexican population have reported a
higher prevalence of PD. In 2008 and 2016 two studies
reported a PD prevalence of 43.2 and 44.2% respectively.
The differences may be because participants were from
different regions in Mexico and because the average age
of participants in one of them was close to 60 ages.**?

In our study, we found male sex, age, overweight,
central obesity, HBF, family history of T2D, and dyslip-
idemia as the main risk factors associated with PD and
are consistent with previous reports.®4143

MetS was found in 48.1% of the participants, data
consistent with those of Villalpando and colleagues,*
who described a prevalence of MetS in the Mexican
population of 36.8% in 2006 and an increased rate of 0.77
pp/year from 1993 to 2006; with this rate of increase, a
prevalence of MetS of 46.6% would be expected, similar to

what we found here. Abdominal obesity, low HDL-C, and
hyperglyceridemia were the components of MetS with
the highest prevalence which is consistent with previous
reports.” This prevalence was significantly higher in the
PD and T2D groups compared to the normoglycemia
group, as expected. However, after more than 10 years
overweight and obesity together with dyslipidemia and
HBP, remain the most prevalent risk factors for cardio-
metabolic disease in the Mexican population.

Together with the high prevalence of undiagnosed
T2D, PD, and MetS, we found a high prevalence of IR,
since 55.7% of the whole population had IR, but most
alarming, more than 40% of the NG population has
already IR, which is in agreement with the high preva-
lence of metabolic risk factors that have been reported
here and through-out previous research works, and the
early risk for pancreatic (3 cell dysfunction in Mexican
population with normoglycemia.’*

The findings of the present investigation indicate
that most risk factors for T2D are also risk factors for PD,
highlighting that conditions leading to the early onset of
PD will also result in an early transition to T2D. T2D is
one of the most common causes of death in Mexico?*
and together with the MetS represents a considerable
burden to the Mexican health care system. Unfortunately,
in Mexico and around the world, the prevalence of PD
and T2D continues to increase, and stopping/reversing
this trend should remain a priority and requires mul-
tidisciplinary interventions for an early diagnosis and
effective treatment strategies. Interestingly, in our study,
most of the participants with PD or undiagnosed T2D
have the perception of high or very high risk for metabolic
diseases, which reflects the patient s health perception but
with low impact on their health care attitude.

With these findings we are highlighting several
points: i) prevalence of metabolic abnormalities is high
in Mexican population, ii) there is a need for an early
identification of these metabolic abnormalities with a

Table IlI
ASSOCIATION BETWEEN METABOLIC SYNDROME COMPONENTS WITH PD AND UNDIAGNOSED T2D

Groups
(n=1470)
MetS components P value*
NG PD T2D
(n=862) (n=484) (n=124)
HBP = 130/85 mmHg n (%) 192 (22) 204 (42) 74 (60) p<0.0001
Waist = 90 cm (male) or = 80 cm (female), n (%) 478 (58) 385 (83) 109 (94) p< 0.0001
Low HDL-C < 40 mg/dl in men, < 50 mg/dl in women, n (%) 482 (59) 330 (70) 86 (75) p< 0.0001
Blood triglycerides > 150 mg/dl or drug treatment for elevated triglycerides n (%) 273 (32) 267 (55) 84 (70) p<0.0001

HBP: high blood pressure; HDL-C: high-density lipoprotein cholesterol; MetS: metabolic syndrome; NG: normoglycemia; PD: prediabetes; T2D: type 2 diabetes.

* Pearson’s chi-square.
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complete cardio-metabolic risk evaluation, iii) we need
to implement public preventive therapeutic strategies
to prevent or delay the progression of these metabolic
abnormalities, and iv) we should scientifically validate
all these diagnostic and therapeutic strategies to make
sure they would properly work in our population.

Our study has several limitations; first, it was a cross-
sectional design in a limited population from Mexico,
which limits understanding of the nature of causality and
extrapolation to the whole country; also, the study was
performed with a non-random sampling methodology
which could affect the representativity of the popula-
tion, although our participants share many similarities
with previous health surveys performed in Mexico.”
Main strength of our study is that all participants were
diagnosed by OGTT, which has been considered as one
of the gold standard to identify glucose abnormalities
and allows an integrative approach regarding glucose
metabolism and a more precise prevalence measure-
ment, since FG or HbAlc could underestimate the real
prevalence of glucose abnormalities and refers only to
a specific type of abnormality, as previously reported.*

We conclude that prevalence of PD, T2D, insulin
resistance and metabolic syndrome is high in population
from Guanajuato, Mexico and this is related to a high
prevalence of risk factors presents in our population.
More programs designed to an early diagnosis and
treatment of these abnormalities are required in Mexican
population and around the world.
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