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Abstract

Background: Type 2 diabetes mellitus (T2DM) is characterized as a disease continuum that is marked by
metabolic changes that are present for several years, sometimes well before frank diagnosis of T2DM. Genetic
predisposition, ethnicity, geography, alterations in BMI, and lipid profile are considered important markers for
the pathogenesis of T2DM through mechanisms that remain unresolved and controversial. The aim of this study
was to investigate the relationship between triglycerides (TGs) and b-cell function, insulin resistance (IR), and
insulin sensitivity (IS) in obese first-degree relatives of patients with T2DM (FDR-T2DM) among subjects from
central Mexico with normal glucose tolerance (NGT).
Methods: We studied 372 FDR-T2DM subjects (ages,18–65) and determined body mass index (BMI), fasting
plasma glucose (FPG), oral glucose tolerance test (OGTT), insulin, and TGs levels. Subjects were categorized
based on glycemic control [NGT, prediabetes (PT2DM), or T2DM]. NGT subjects were further categorized by
BMI [normal weight (Ob - ) or obese (Ob + )] and TGs levels (TG - , < 150 mg/dL, or TG + , ‡ 150 mg/dL). b-
cell function, IR, and IS were determined by the homeostasis model assessment of b-cell function (HOMA2-b),
homeostasis model assessment of insulin resistance (HOMA2-IR), and Quantitative Insulin Sensitivity Check
Index (QUICKI) indices, respectively.
Results: The obese subjects with elevated TGs levels had 21%–60% increased b-cell function when compared
to all groups (P < 0.05). In addition, this group had insulin levels, IS, and IR similar to PT2DM. Furthermore,
only in obese subjects did TGs correlate with b-cell function (r = 0.502, P < 0.001).
Conclusion: We characterized FDR-T2DM subjects from central Mexico with NGT and revealed a class of
obese subjects with elevated TGs and b-cell function, which may precede PT2DM.

Introduction

Type 2 diabetes mellitus (T2DM) is a severe world-
wide health concern. It is predicted that over 366 mil-

lion people will suffer from this disease worldwide by
2030.1 Moreover, by 2035, about 10% of the total popula-
tion in Mexico and the Central American region will de-
velop diabetes.2,3 Of these cases, it is predicted that 24%,
and in certain regions as high as 50%, will go undiagnosed

until a severe symptomatic state is presented.4 Conse-
quently, there is a critical need to better understand char-
acteristics associated with the developmental stages of the
disease, particularly amongst groups that are dispropor-
tionately affected by T2DM, such as Hispanics in the United
States and people of Mexico and Central America.5

Diabetes is a multifactorial disease characterized by
metabolic alterations with a prevalence that is affected by
ethnicity and geography.6,7 T2DM patients exhibit b-cell
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dysfunction, decreased sensitivity to insulin, and hypergly-
cemia8,9 that are associated with deficiencies in insulin se-
cretion or resistance to insulin action or both.10 Various
complex genetic determinants are considered to contribute
to the development of T2DM.11 There is evidence that first-
degree relatives of patients with T2DM (FDR-T2DM) show
increased susceptibility to developing insulin resistance (IR)
and defects in insulin sensitivity (IS).12 FDR-T2DM sub-
jects are defined as having a parent, sibling, or child with
T2DM. Indeed having one or two parents leads to a 1.6- or
3.2-fold increased risk of developing frank T2DM, respec-
tively,13 thus further supporting the proposal of a strong
genetic predisposition for developing T2DM.14–16

Dyslipidemia, presence of metabolic syndrome, and ele-
vated triglycerides (TGs) and total cholesterol (TC) are
known to affect b-cell function in diabetes.17–19 However, the
mechanisms for these effects are not entirely clear. Some
reports suggest that elevated TGs levels alone are associated
with developing diabetes and cardiovascular disease,20

whereas others suggest that elevated TGs levels with high
low-density lipoprotein (LDL) and low high-density lipo-
protein (HDL) have a synergistic effect.21,22 In addition,
subjects with a body mass index (BMI) greater than 25 kg/m2

have an increased risk of developing T2DM (relative risk =
1.5–5.1).23,24 TGs levels and abdominal fat distribution are
greater in Hispanics than Afro-Americans and Caucasians.25

Furthermore, Mexicans Americans have greater prevalence of
developing T2DM.5 Thus, it is widely accepted that there is a
strong link between BMI, TGs, TC, and diabetes in FDR-
T2DM26 that may be affected by ethnicity.5 However, and to
the best of our knowledge, the relationship between TGs
levels and measures of insulin function among a uniform
group of subjects with FDR-T2DM is unknown.

We characterized subjects with FDR-T2DM from the
central Mexico. We found that in our cohort, obese subjects
with augmented TGs levels have elevated b-cell function
when compared to normal BMI subjects, obese subjects with
normal TGs levels, prediabetes (PT2DM), and T2DM sub-
jects. In addition, these subjects had similar insulin, IS, and
IR values, as observed in PT2DM.

Material and Methods

Subjects and settings

We designed a cross-sectional study, which included 372
FDR-T2DM, males (n = 160) and nonpregnant females
(n = 212), whose ages ranged from 18 to 65 years old. All
subjects were from Puebla, Mexico, and met the following
criteria: Otherwise healthy and FDR-T2DM. Subjects were
excluded from the study, if they had an acute or chronic
illness. This human study protocol was approved by the
Scientific Research Committee of the Mexican Social Se-
curity Institute. All participants provided informed consent
to participate in this study that was conducted in accordance
with the Declaration of Helsinki.

Clinical characterization

Subjects were clinically evaluated according to a stan-
dardized protocol including personal and family clinical
history. With the subjects in fasting conditions, wearing
light clothing and without shoes, their height (meters) and
weight (kg) were measured using the body composition

analyzer (TBF-215, Tanita, Tokyo, Japan). BMI was cal-
culated as weight/height2 (kg/m2).27 A BMI between 18.5
and 24.9 kg/m2 was normal, between 25 and 29.9 kg/m2 was
overweight, and between 30 and 39.9 kg/m2 was obese.
BMIs < 18.4 kg/m2 and > 40 kg/m2 were excluded. Blood
pressure measurements [diastolic blood pressure (DBP) and
systolic blood pressure (SBP)] were taken on the left arm of
the seated subject with a mercury column sphygmoma-
nometer with an appropriately sized cuff. The data are the
average of two physician-obtained measurements.

Biochemical assays

Whole blood samples were collected from the antecubital
vein following a 10- to 12-hr overnight fast in a Vacutainer�

Plus plastic sterile tube with a BD Hemogard� closure con-
taining sodium fluoride and potassium oxalate (catalog no.
367925, BD Mexico City, Mexico). The samples were kept at
room temperature for 2 hr to allow clotting. The serum fraction
was recovered and frozen at - 20�C until used. Samples were
used for the following end points: Fasting plasma glucose
(FPG), insulin, glycated hemoglobin (HbA1c), TC, HDL, LDL,
and TGs. An additional blood sample was obtained 2 hr after
oral glucose administration (75 grams) for the oral glucose
tolerance test (OGTT) to determine glucose tolerance. FPG and
OGTT were determined, in duplicate, using the enzymatic
method/spectrophotometric glucose oxidation (Beckman In-
struments, Brea, CA). Insulin levels were determined by au-
tomated immunoassay (Access, Beckman). The HbA1c levels
were determined by the turbidimetric inhibition immunoassay.
To determine TGs, TC, HDL, and LDL, serum samples were
sent to the Central Laboratory of the Multidisciplinary Re-
search Group. Normal values for TGs ( < 150 mg/dL), TC
( £ 200 mg/dL), HDL ( ‡ 60 mg/dL), and LDL ( < 100 mg/dL)
were used according to the Mexican Health Ministry.28,29

Calculation of HOMA2-b, HOMA2-IR, and QUICKI

b-Cell function and IR were assessed by the homeostatic
model assessment (HOMA) online calculator downloaded
from www.dtu.ox.ac.uk/homacalculator/index.php on (April,
2014). The HOMA2-b is used to evaluate the b-cell function
and is expressed as a percentage of normal (100%). The
HOMA2-IR is used to evaluate the index of IR. The subjects
were classified as IR with HOMA2-IR scores > 1.8 and
metabolic syndrome with HOMA2-IR scores between 1.4 and
1.8.30 IS was calculated from the Quantitative Insulin Sen-
sitivity Check Index (QUICKI) by the following formula:
QUICKI = 1/(log[Insulin] + log[Glucose]). QUICKI scores
< 0.357 are representative of decreased IS.31

Allocation of subjects into groups and subgroups

Using the American Diabetes Association (ADA) recom-
mendation, subjects were classified as either T2DM (FPG
‡ 126 mg/dL, OGTT ‡ 200 mg/dL, or HbA1c ‡ 6.5%),
PT2DM (FPG, 100–125 mg/dL, OGTT 140–199 mg/dL, or
HbA1c 5.7%–6.4%), or normal glucose tolerance (NGT, FPG
< 100 mg/dL, OGTT < 140 mg/dL, or HbA1c < 5.7%). The
NGT group was furthered divided by BMI into normal weight
(Ob - , BMI < 25.0 kg/m2) and obese (Ob + , BMI ‡ 25.0 kg/
m2). Last, the Ob - and Ob + groups were further subdivided
into subgroups by TGs levels: < 150 mg/dL (Ob - TG - and
Ob + TG - ) and ‡ 150 mg/dL (Ob - TG + and Ob + TG + ).
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Statistical analyses

Statistical analyses were performed using Statistical
Package for the Social Sciences program for Windows NT,
version 11 (SPSS, Chicago, IL). Differences between groups
were evaluated by one-way analysis of variance (ANOVA)
followed by a Bonferroni post hoc test. The results were ex-
pressed as mean – standard error (SE). Correlation analysis
was done by calculating the Spearman correlation coefficient
(r).32 P values < 0.05 were considered statistically significant.

Results

Distribution of FDR-T2DM subjects by risk factors

We determined the percentage of NGT, PT2DM, and
T2DM for FDR-T2DM in our cohort from Central Mexico. A
total of 47% were dysglycemic (PT2DM and T2DM), and
53% had NGT (Fig. 1A); however, 58% of the NGT group
was obese. Because TGs levels ( > 150 mg/dL) have been
shown to affect insulin and glucose homeostasis,33 we as-
sessed TGs levels in our cohort. From the original sample,
6.7% of subjects had increased TGs levels with normal BMI,
14.5% of subjects were obese with normal TGs levels, and
16.4% of subjects were obese with increased TGs levels (data
not shown). One can estimate from our cohort that 15.3% (or
28.9% of the NGT group) had only a genetic predisposition,
whereas 37.6% (71.1% of the NGT group) have additional
factors associated with T2DM, as determined by TG, BMI,
FPG, OGTT, and HbA1c (Fig. 1B). The clinical and meta-
bolic characteristics of our cohort are summarized in Table 1.

Elevated TGs levels and obesity are associated
with augmented insulin and b-cell function

A key hallmark of the disease is deficiencies in insulin se-
cretion or action.10 We determined the insulin levels for each
subgroup of our cohort. The insulin levels were not signifi-
cantly affected by increases in TGs (Ob - TG - vs. Ob -
TG + and Ob + TG - vs. Ob + TG + ); however, insulin levels
did increase with obesity (Fig. 2A). Even though obese sub-
jects with normal TGs levels had elevated insulin levels
compared to their nonobese counterparts, they were signifi-
cantly lower than PT2DM and T2DM (P < 0.05). Interestingly,
only the obese subjects with elevated TGs had similar insulin
levels to the PT2DM but not the T2DM group (P < 0.05).
These data suggest that increases in TGs are associated with
insulin levels in obese subjects. To test this assumption, the
TGs and insulin levels were compared using the Spearman
rank correlation. When the total sample was analyzed, there
was a moderate correlation (r= 0.407, P < 0.001; Table 2).
However, when the two factors were compared by group, there
was a very weak correlation with nonobese subjects (r= 0.217,
P < 0.05) and PT2DM (r= 0.210, P < 0.05; Table 2). The obese
subjects had moderate association (r= 0.441, P < 0.001).

Higher insulin levels can be a result of b-cell dysfunction;
therefore, b-cell function was determined using the HOMA2-
b calculator. In the nonobese subgroups, subjects with ele-
vated TGs levels had similar b-cell function as their normal
TGs levels counterparts (Ob - TG - vs. Ob - TG + ; Fig. 2B).
However, obese subjects with normal TGs levels had aug-
mented b-cell function, which was within normal limits. The
presence of both risk factors (obesity and elevated TGs) were
associated with increased b-cell function, which was higher

than any group studied (Ob + TG + vs. all subgroups; P <
0.05). Next, we determined if increases in TGs and b-cell
function were associated. There was a moderate association
only seen with obese subjects (r= 0.502, P < 0.001; Table 2).
There was no correlation between nonobese subjects and
PT2DM.

TGs levels are an indication of insulin action
in subjects with FDR-T2DM

Increased insulin and b-cell function are associated with
IR and IS; therefore, these parameters were examined in our
group. Nonobese subjects had normal sensitivity (Fig. 2C),
whereas, elevated TGs levels were associated with de-
creased IS but remained above the cutoff and were not
significantly different. Obese subjects had decreased IS
below the threshold; however, only obese subjects with el-
evated TGs had IS values that were similar to PT2DM.
Next, we determined the relationship between TGs and IS.
When examining the correlation between groups, the non-
obese subjects and PT2DM had a very weak inverse cor-
relation (r = - 0.254, P < 0.05 and r= - 0.194, P < 0.05,

FIG. 1. Distribution of first-degree relatives of type 2 diabetes
mellitus (T2DM). (A) Subjects were categorized as either nor-
moglycemia (NGT) or hyperglycemia [prediabetes (PT2DM)
and T2DM] according to the American Diabetes Association
(ADA) specifications.8 (B) Using body mass index (BMI;
‡ 25 kg/m2) and triglycerides (TGs; ‡ 150 mg/dL), NGT sub-
jects were recategorized into normal weight (Ob - )TG - ,
Ob - TG + , obese (Ob + )TG - , and Ob + TG + .
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Table 1. Clinical and Metabolic Characteristics of First-Degree Relatives

of Type 2 Diabetes Mellitus Selected by Body Mass Index and Triglycerides

Group Nonobese Obese Hyperglycemia
(TGs > 150 mg/dL) - + - + N/A N/A

Subgroup Ob - TG - Ob - TG + Ob + TG - Ob + TG + PT2DM T2DM

Sample (male/female) 56 (18/38) 26 (15/11) 54 (27/27) 61 (34/27) 138 (84/54) 37 (25/12)
Age 33.6 – 1.5 40.3 – 2.6 37.8 – 1.5 38.9 – 1.4 41.3 – 1.0* 45.0 – 1.9*
Height (meters) 1.60 – 0.01 1.64 – 0.02 1.61 – 0.01 1.64 – 0.01 1.60 – 0.01 1.60 – 0.01
Weight (kg) 56.9 – 0.9 62.2 – 1.6 73.5 – 1.7*{ 80.2 – 1.7*{ 71.5 – 1.0*{x** 78.8 – 3.1*{

BMI (kg/m2) 22.0 – 0.2 23.1 – 0.3 28.0 – 0.4*{ 29.7 – 0.5*{ 27.8 – 0.3*{x** 30.6 – 1.0*{{

SBP (mmHg) 108.7 – 1.3 108.5 – 2.1 113.5 – 1.6 116.3 – 1.5* 112.6 – 1.2** 120.8 – 2.7*{

DBP (mmHg) 71.5 – 1.3 69.8 – 1.8 72.3 – 1.2 75.1 – 1.2 73.4 – 0.8** 79.7 – 1.5*{{

Lipid profile
TC (mg/dL) 176.7 – 5.2 205.9 – 9.6 172.5 – 5.3{ 190.2 – 5.7 197.4 – 4.1{ 200.6 – 6.6{

HDL (mg/dL) 46.3 – 2.4 38.5 – 3.8 38.4 – 2.2 29.9 – 2.1* 39.5 – 1.3x 39.0 – 1.7
LDL (mg/dL) 100.6 – 4.1 119.5 – 9.6 105.8 – 4.3 108.2 – 4.5 120.5 – 3.4* 127.4 – 5.8*
TGs (mg/dL) 92.6 – 3.9 209.6 – 8.1* 108.1 – 6.5{ 289.9 – 22.7*{{ 199.8 – 10.3*{x 205.6 – 17.9*{

Metabolic parameters
HbA1c (%) 4.9 – 0.1 5.0 – 0.1 5.0 – 0.1 5.1 – 0.1 5.5 – 0.1*{{x** 6.9 – 0.3*{{x

FPG (mg/dL) 87.6 – 1.1 90.4 – 1.5 91.2 – 0.8 88.4 – 1.1 98.5 – 1.1* 132.9 – 9.5*{{

OGTT (mg/dL) 92.1 – 2.7 99.6 – 3.8 98.9 – 2.8 103.2 – 2.7 126.2 – 2.7*x** 232.5 – 19.3*{{x{

Values are mean– standard error. Significance was determined by one-way analysis of variance (ANOVA) followed by a Bonferroni post hoc test.
*P < 0.05 vs. Ob - TG - .
{P < 0.05 vs. Ob - TG + .
{P < 0.05 vs. Ob + TG - .
xP < 0.05 vs. Ob + TG + .
{P < 0.05 vs. PT2DM.
TGs, triglycerides; Ob - , normal weight; Ob + , obese; PT2DM, prediabetes; T2DM, type 2 diabetes mellitus; BMI, body mass index;

SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; HbA1c, glycated hemoglobin; FPG, fasting plasma glucose; OGTT, oral glucose tolerance test.

FIG. 2. Insulin levels and metabolic parameters in first-degree relatives of type 2 diabetes mellitus (T2DM). (A) Insulin
levels (normal, < 11 mU/mL). (B) b-Cell function determined by homeostasis model assessment of b-cell function
(HOMA2-b) (normal, 80%–100%). (C) Insulin sensitivity (IS) determined by Quantitative Insulin Sensitivity Check Index
(QUICKI) (normal, > 0.357). (D) Insulin resistance (IR) determined by HOMA2-IR [normal, < 1.4; degree of metabolic
disorder (MD), 1.4–1.8; and IR, > 1.8] for each subgroup. The dashed line corresponds to the cutoff for each parameter. Bar
graphs represent the mean and standard error. (*) P < 0.05 vs. obese (Ob - )TG - ; ({) P < 0.05 vs. Ob - TG + ; ({) P < 0.05
vs. normal weight (Ob + )TG - ; (x) P < 0.05 vs. Ob + TG + , and ({) P < 0.05 vs. PT2DM.
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respectively), whereas obese subjects had a weak inverse
correlation (r = - 0.387, P < 0.001). Nonobese subjects had
no resistance to insulin (Fig. 2D), and increases in BMI
alone did not lead to an IR state. However, obese subjects
with elevated TGs levels had a HOMA2-IR score indicating
some degree of IR. Interestingly, these subjects had similar
HOMA2-IR scores as observed in PT2DM, but only the
T2DM subjects were IR. Obese subjects showed a moderate
correlation between TGs and IR (r = 0.426, P < 0.001). In
contrast, the nonobese subjects and PT2DM had a weak
correlation (r= 0.236 and r = 0.212, respectively, P < 0.05).

Discussion

In this study, we determined insulin levels, b-cell function,
IR, and IS in FDR-T2DM from Central Mexico that were
categorized by BMI and TGs. In our cohort, we identified a
group of individuals with normal glucose function that were
obese and had elevated TGs levels. These subjects were
identical to PT2DM with respect to insulin levels, IS, and IR;
however they had increased b-cell function. Of interest, only
in nondiabetic obese FDR-T2DM did serum TGs levels
positively correlate with b-cell function. Thus, our study in
subjects from Central Mexico supports and extends the work
of others among a uniform group of FDR-T2DM individuals.

Effect of TGs on b-cell function remains inconclusive.
Bardini et al. showed elevated TGs levels were associated
with b-cell overstimulation in nondiabetic obese subjects
from Italy.34 However, their study included subjects with
and without a family history of T2DM and were grouped by
a hypertriglyceridemic waist phenotype. We chose to focus
our study on subjects with FDR-T2DM that were charac-
terized by BMI and TGs levels because of the elevated risk
of developing T2DM associated with their genetic predis-
position and obesity. In subjects with PT2DM and T2DM,
others have shown that TGs levels were negatively associ-
ated with b-cell function.33,35,36 This is in disagreement with
our data. T2DM patients exhibit decreased b-cell mass and
function of up to 50%, which may be present many years
before clinical diagnosis.37,38 We used subjects that were
not clinically diagnosed at the time of the study as having
either PT2DM or T2DM. In addition, previous reports used
patients that were diagnosed with T2DM or PT2DM, and as
such, these subjects could have already increased b-cell
damage as compared to our cohort.

TGs are present in many different tissues and have varying
physiological effects.39 We used serum TGs levels to deter-
mine their relationship with b-cell function. In humans and
animal models, increases in serum TGs levels were associated
with increased b-cell function.40–42 Using pancreatic TGs

levels, others have reported an absence of any correlation
between TGs and b-cell function in NGT and PT2DM35,36,43

and no correlation35,43 or a negative correlation36 for patients
with T2DM. However, in obese FDR-T2DM with high serum
TGs levels, pancreatic TGs levels and their effect on b-cell
function have, to the best of our knowledge, not yet been
reported. Furthermore, there are reports showing that pan-
creatic TGs levels are affected by ethnicity.17 Consequently,
there remains a need to determine the pancreatic TGs levels
in FDR-T2DM among our cohort. Nonetheless, taken to-
gether, our results and those of others would suggest that
serum TGs are a good indicator of b-cell function in the
newly characterized obese FDR-T2DM subjects with NGT.

It has been reported that PT2DM and T2DM exhibit
higher insulin levels with impaired glucose tolerance than
their NGT counterparts, independent of their obesity clas-
sification.10 However, insulin levels among obese subjects
with elevated TGs levels and PT2DM have not been de-
scribed among the Hispanic population. In our cohort, obese
FDR-T2DM with elevated TGs levels showed increased
insulin levels similar to PT2DM but did not have impaired
glucose tolerance. Interestingly, this group was character-
ized as having pronounced increases in b-cell function
that were higher than those observed in PT2DM, T2DM, or
their normal TGs level counterparts. In other reports, an
acute exposure of a TGs supplement led to increased b-cell
function (acute phase) whereas removal of the TGs
supplement restored b-cell function to baseline condi-
tions.42,44,45 However, prolonged TGs exposure led to a
chronic phase, which included loss of b-cell function42,44,45

and impaired glucose tolerance.42,45 Thus, we posit that in
our cohort, obese FDR-T2DM with elevated TGs levels may
represent subjects in an acute phase. This group also had
decreased IS with increasing degrees of IR development. In
contrast, only the obese FDR-T2DM with normal TGs levels
had decreased IS with normal resistance to insulin.

Because increases in TGs levels are associated with de-
velopment of IR,46 various groups have proposed the notion
that there is a transition between the two obese groups and
would suggest that increased TGs levels may lead from a
non-IR state to increased degree of IR. Moreover, prolong
elevated TGs levels have been associated with b-cell loss of
function and impaired glucose tolerance.42,44,45 These re-
sults suggest that in obese FDR-T2DM, TGs levels may be a
factor in the development of impaired glucose tolerance.
Thus, it is possible that our obese FDR-T2DM subjects with
elevated TGs levels may be a group of subjects that precede
the development of PT2DM in the disease continuum.

There are few limitations to this study. First, it should be
noted that our sample only contained FDR-T2DM subjects,

Table 2. Spearman Correlation of First-Degree Relatives of Type 2 Diabetes Mellitus

Group Total Nonobese Obese PT2DM

TGs vs.
HOMA2-b r = 0.271, P < 0.001 r = 0.035, NS r = 0.502, P < 0.001 r= 0.148, NS
HOMA2-IR r = 0.410, P < 0.001 r = 0.236, P < 0.05 r = 0.426, P < 0.001 r= 0.212, P < 0.05
QUICKI r = - 0.400, P < 0.001 r = - 0.254, P < 0.05 r = - 0.387, P < 0.001 r= - 0.194, P < 0.05
Insulin r = 0.407, P < 0.001 r = 0.217, P < 0.05 r = 0.441, P < 0.001 r= 0.210, P < 0.05

PT2DM, prediabetes; TGs, triglycerides; HOMA2-b, homeostasis model assessment for b-cell function; NS, not significant; HOMA2-IR,
homeostasis model assessment for insulin resistance; QUICKI, Quantitative Insulin Sensitivity Check Index.
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which have already been shown to have a genetic predispo-
sition to developing T2DM. Further studies are required to
determine if obese subjects with elevated TGs levels and
without a FDR-T2DM are similar to PT2DM but with ele-
vated b-cell function. Second, this is a cross-sectional study
and cannot determine causal relationship between obesity and
TGs levels with b-cell function. Last, this study only focused
on subjects from Central Mexico. Due to the highly diverse
genetic background of the Mexican population,47 confirma-
tion of elevated b-cell function in obese subjects in other
genetically distinct regions of Mexico is required.

Conclusion

In conclusion, we characterized a cohort of FDR-T2DM
subjects from Central Mexico and identified a group of NGT
that are obese with elevated TGs levels. This group is similar
to PT2DM, in respect to insulin, IS, and IR, except they have
elevated b-cell function. Understanding the pathophysiology
of this specific group will aid in the development of targeted
therapies for FDR-T2DM to deter the development of
PT2DM.
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