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Prol2Ala genotype and insulin
resistance is modified by circulating
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. The Pro12Ala (rs1801282) polymorphism in peroxisome proliferator-activated receptor-~2 (PPAR-~2)

. has been convincingly associated with insulin resistance (IR) and type 2 diabetes (T2D) among
Europeans, in interaction with a high-fat diet. Mexico is disproportionally affected by obesity and T2D

. however, whether the Pro12Ala polymorphism is associated with early metabolic complications in

. this population is unknown. We assessed the association of PPAR-+2 Pro12Ala with metabolic traits

. in 1457 Mexican children using linear regression models. Interactions between PPAR-~2 Pro12Ala and
circulating lipids on metabolic traits were determined by adding an interaction term to regression
models. We observed a high prevalence of overweight/obesity (49.2%), dyslipidemia (34.9%) and IR
(11.1%). We detected nominally significant/significant interactions between lipids (total cholesterol,
HDL-cholesterol, LDL-cholesterol), the PPAR-v2 Pro12Ala genotype and waist-to-hip ratio, fasting

: insulin, HOMA-IR and IR (9.30 X 10~* < Pj ieraction < 0-04). Post-hoc subgroup analyses evidenced

. thatthe association between the PPAR-+2 Pro12Ala genotype and fasting insulin, HOMA-IR and IR

: wasrestricted to children with total cholesterol or LDL-cholesterol values higher than the median

© (0.02 <P <0.03). Our data support an association of the Pro12Ala polymorphism with IR in Mexican
children and suggest that this relationship is modified by dyslipidemia.

Peroxisome proliferator-activated receptor-y2 (PPAR-~2) is a ligand activated transcription factor highly

expressed in adipose tissue and is intimately involved in the regulation of adipogenesis, glucose and lipid homeo-
© stasis and insulin sensitivity'. PPAR~ is the molecular target of the anti-diabetic drug thiazolidinedione (TZD)'.
. A missense coding variant in PPAR-2 resulting in a proline to alanine substitution (Pro12Ala, rs1801282) has
© been associated with a 30-50% decrease in ligand-induced activity>.

: The association of PPAR-v2 Prol2Ala polymorphism with type 2 diabetes (T2D) is well established. A
recent literature-based candidate gene meta-analysis by Gouda et al. in 32,849 T2D cases and 47,456 controls
from Europe, North America and East Asia determined that the deleterious Pro allele is associated with a 16%
increased risk of T2D>. More recently, a large-scale association study combining the data from GWAS and from
the custom array Metabochip in 34,840 T2D cases and 114,981 controls predominantly of European descent

- confirmed that the deleterious Pro12 allele was associated with a 13% increased risk of T2D*. The association of

. PPAR-y2 Prol12Ala polymorphism with body mass index (BMI) has been long debated in literature, but a recent

© meta-analysis of 49,092 subjects from diverse ethnic backgrounds demonstrated that the PPAR-72 Pro12 allele

: was associated with a lower BMI®. The authors also evidence a trend for a stronger effect of the Pro12 allele in

. individuals of European ancestry®.
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Characteristics N=1457 Prol2Pro (N=1067) | Prol2Ala (N=354) | Alal2Ala (N=23)
Male/ Female, N 771/686 565/502 190/164 8/15

Age 9.24+2.07 9.27+£2.05 9.19+£2.15 891+1.73
Waist Circumference (cm) 66.47 +11.78 66.57 +11.71 66.67 +12.11 62.51+8.84
WHR 0.85+0.06 0.85+0.06 0.85£0.06 0.85+0.05
BMI (kg/m?) 19.6544.20 19.67 +4.17 19.76 - 4.34 18.33+3.37
Systolic blood pressure (mmHg) 98.57 £ 10.86 98.45+11.03 99.00 £ 10.51 97.70 £ 8.83
Diastolic blood pressure (mmHg) | 66.24+ 8.80 66.03 +8.96 66.96 +8.23 65.09+9.53
Glucose (mmol/L) 4.5740.53 4.564+0.53 4.5740.51 4.6540.61
Insulin (uU/mL) 8.68+7.10 9.15+7.06 9.12+7.18 7.08 +4.05
HOMA-IR 1.87+1.52 1.88+1.52 1.88+1.55 1.4240.78
TG (mg/dL) 93.62+49.70 94.77 £ 50.37 90.72 + 48.00 90.78 £ 45.62
TC (mg/dL) 157.25+33.56 157.21+33.98 156.91+ 31.87 166.43 £+ 42.27
HDL-C (mg/dL) 50.60 + 12.82 50.25+12.59 51.41+13.42 52.65+15.25
LDL-C (mg/dL) 102.39 £ 26.42 102.78 +27.22 101.35+23.93 102.30 £ 28.51
Insulin Resistance, N (%) 127 (11.1%) 97 (11.4%) 28 (10.5%) 1(6.7%)
Dyslipidemia, N (%) 509 (34.9%) 385 (36.1%) 113 (31.9%) 9(39.1%)
Hypertension, N (%) 22 (1.5%) 19 (1.8%) 3(0.9%) 0(0%)
Hyperglycemia, N (%) 45 (3.1%) 35(3.3%) 8(2.3%) 1(4.3%)

Table 1. General characteristics of the studied population of Mexican children by PPAR-~2 Prol12Ala
genotype. Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; HOMA-IR,
homeostatic model assessment of insulin resistance; LDL-C, low-density lipoprotein cholesterol; TC, total
cholesterol; TG, triglycerides; T2D, type 2 diabetes; WHR, waist-to-hip ratio. Data are means & standard
deviation.

Dietary fats are known ligands for PPAR-~2 and have been shown to interact with the Pro12Ala polymor-
phism to modulate obesity-related traits in six independent studies®!!. Similar gene x diet interactions have been
described between dietary fat intake and Prol12Ala polymorphism for insulin resistance (IR) and T2D-related
traits'>!3. These results are suggestive of a diet-dependent interaction between the Pro12Ala polymorphism, body
weight and T2D that can possibly explain the conflicting results regarding the influence of this variant on meta-
bolic traits in individual studies.

The Mexican population is disproportionately affected by both obesity and T2D. In 2008, the United Nations
Food and Agricultural Organization estimated the prevalence of obesity in Mexico to be 32.8%, surpassing that
of the United States'; the prevalence of T2D in Mexico is estimated to be as high as 14.4%°. According to the
Mexican National Institute of Public Health, 34.4% of children between 5 and 11 years of age were overweight
or obese in 2011, This is especially problematic given that childhood obesity is the main predictor of adult
obesity!”.

Despite the well-established association between the PPAR-v2 Prol2Ala variant, obesity and T2D in popu-
lations of European ancestry and the high prevalence of these conditions in Mexicans, only a few studies have
examined these associations in a Mexican population. The PPAR-y2 Alal2 allele has been associated with a higher
risk of overweight/obesity in adult Mexican Mestizo subjects and in five Mexican Amerindian groups'®. This
trend was confirmed in 921 Mexican-American adults from the San Antonio Family Heart Study, where carri-
ers of at least one Ala allele had a higher BMI and waist circumference!. No associations between the PPAR-y2
Prol12Ala polymorphism and T2D were observed in three modestly powered studies of Mexican adults?*-*2. In
473 adult individuals from 89 Mexican-American families, the PPAR-v2 Prol2Ala polymorphism was not asso-
ciated with IR measured by oral and intravenous glucose tolerance tests?’. To our knowledge, the association of
Pro12Ala with obesity/T2D related traits has never been examined in Mexican children. Thus, we aimed to deter-
mine the association between the PPAR-v2 Pro12Ala variant and metabolic parameters in 1457 Mexican children
and its interaction with circulating lipids used as stable surrogate of a high-fat diet.

Results

Phenotypic characteristics of the studied population. Anthropometric and biochemical characteris-
tics of the study population are presented in Table 1. Of the 1457 children sampled (between 6 and 14 years old,
average age 9.24 & 2.07), 1.4% of the children in the population were underweight, 49.4% were a normal weight,
21.3% were overweight and 27.9% were obese. Insulin resistance was identified in 11.1% of children. 3.1% of
children had IFG and only one child was diabetic. Hypertension was present in 22 children (1.5%). Dyslipidemia
was identified in 34.9% of the population. Children displayed a significantly higher BMI in the Cuauhtémoc
area (20.71 £ 4.34) than in the other areas (Independencia: 19.60 & 4.15; Nezahualcéyotl: 19.15 + 4.07; Morelos:
19.32 £ 4.11) using a one-way ANOVA and a Tukey post-hoc test (P between 2.1 x 107 and 4.3 x 1073, data not
shown). The genotype distribution of PPAR-v2 Prol12Ala in the study population was 73.9% (n= 1067), 24.5%
(n=354) and 1.6% (n=23) for the Pro/Pro, Pro/Ala and Ala/Ala genotypes, respectively. Thirteen individuals
were not successfully genotyped (Pro12Ala genotyping call rate: 99.1%).
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BME 0164023 | —1.13x1073+142x107° | 0014004 | 001005 | —021+0.18 | 4.10x 10>+3.48 x 1073 0084020 | —8.94x 1044 1.90 x 10~3
(0.49) (0.42) (0.85) (0.85) (0.27) (0.24) (0.68) (0.64)

WHR® —0.05+024 | 277x104£150x 107 | 0.02£0.05 | 0.01+0.05 | —0.574£0.20 | 1.14Xx10~2£3.81 X103 | 0.08+£021 | —7.22x 10~*=£2.03 x 10~
(0.85) (0.85) (0.70) (0.84) (4.89 X 107?) (2.91 X 107%) (0.69) (0.72)

Glucose —0.03+0.12 | 251x104+£744x 10" | 0.02+£0.03 | 0.03+£0.03 | 0034£010 | —3.85x104+1.97x 107> | 0024011 | 3.65x 10°5+1.03 x 1073
(0.83) (0.74) (0.37) (0.20) (0.78) (0.84) (0.86) (0.97)

Insulin® 0554026 | —3.79%x1073+1.62x 1073 | —0.04+0.05 | —0.054+0.05 | —0.06=£0.21 | 6.51x 10443.91 x 1073 0254023 | —2.93x 1072 +2.16 x 1073
(0.04) (0.02) (0.45) (0.36) (0.77) (0.77) (0.27) (0.18)

HOMAIR: | 049£026 | —3.38x107°+£1.61x 107 | —0.03£0.05 | —0.04:£0.05 | —0.04£0.21 | 3.59x 104394107 0214023 | —2.40x 10?£2.15% 103
(0.06) (0.04) (0.58) (0.50) (0.86) (0.93) (0.36) (0.26)

Table 2. Interactions between circulating lipids, PPAR-~2 Prol12Ala and metabolic quantitative traits.
Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic
model assessment of insulin resistance; LDL-C, low-density lipoprotein cholesterol; SE, standard error; TC, total
cholesterol; TG, triglycerides; WC, waist circumference; WHR, waist-to-hip ratio. Data presented are 3 & SE (P y1,e)-
All models were adjusted for age, sex, and recruitment center. Values in bold indicate nominally significant or
significant main genetic effects and interactions (p < 0.05). *Inverse normal transformed variables.

PPARYx TC 0.98 (0.97-0.99) 9.30 x 10~* 18.39 (2.57-131.79) 9.54 x 104
PPARY x TG* 1.06 (0.61-1.85) 0.84 0.87 (0.47-1.61) 0.66
PPAR~ x HDL-C 0.98 (0.94-1.02) 0.28 2.52(0.39-16.43) 0.33
PPAR~ x LDL-C 0.98 (0.96-0.99) 8.09 x 103 8.70 (1.62-46.87) 0.01

Table 3. Interactions between circulating lipids, PPAR-~2 Prol2Ala and the presence of insulin resistance.
Abbreviations: CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; OR, odds ratio; TC, total cholesterol; TG, triglycerides. Data presented are OR (95% CI).
All models were adjusted for age, sex, and recruitment center. Values in bold indicate nominally significant or
significant main genetic effects and interactions (p < 0.05). *Inverse normal transformed variables.

Associations/interactions between PPAR-~2 Prol2Ala and metabolic quantitative traits.
Knowing that previous reports provide evidence for interactions between PPAR-v2 Prol2Ala and die-
tary exposures to alter metabolic traits and that PPAR-2 is activated by dietary lipids, we tested the
interaction between PPAR-v2 Prol2Ala and fasting plasma lipid concentrations on metabolic traits**?.
Circulating plasma lipids were used as stable surrogate of a high-fat diet?*. A nominally significant inter-
action between PPAR-v2 Prol2Ala and HDL-C was found to modulate WHR (main genotype effect:
B=—0.57+0.20, p=4.89 x 1073 interaction: 3 = 1.14 x 10724+ 3.81 x 1073, p=2.91 x 1073%) (Table 2).
Nominally significant interactions between PPAR-72 Prol2Ala and TC on fasting insulin levels (main
genotype effect: 3 = 0.55+ 0.26, p = 0.04; interaction: 3 = —3.79 x 107>+ 1.62 x 1073, p=0.02) and
HOMA-IR (main genotype effect: 3 = 0.49 + 0.26, p = 0.06; interaction: 3 = —3.38 x 1073+ 1.61 x 10
—3, p=0.04) were also identified. Given the interactions between plasma lipids, insulin and HOMA-IR,
we subsequently tested the interaction between circulating lipids on the presence of IR (Table 3). Both
TC and plasma LDL-C concentrations were found to interact with PPAR-v2 Prol2Ala to influence the
presence of IR (OR i genetic effect = 18:39, 95% CI 2.57-131.79, OR jnyeraction = 0.98, 95% CI 0.97-0.99,
Pmain genetic effect = 9.54 x 10_4> Pinteraction = 9.30 x 10_4; ORmain genetic effect — 8.70, 95% CI 1.62-46.87,
ORpieraction = 0-98, 95% CI 0.96-0.99, Pryain genetic effect = 0-01, P ingeraction = 8:09 X 1073, respectively).

We further investigated the direction of the genetic effects of the PPAR-y2 Prol2Ala polymorphism on
adiposity and insulin resistance parameters showing interaction with lipids. Genetic association tests in sub-
groups were performed using the median of plasma lipids to classify the population into high and low groups
(Table 4). Despite a nominally significant interaction between PPAR-72 Prol12Ala and HDL-C on WHR, the
results failed to reach significance in the subgroup analyses. In the high TC subgroup, the carriers of Alal2
displayed nominally significant lower fasting insulin levels/y HOMA-IR values (3 = —0.19 & 0.08, p=0.02 and
B=—0.17+0.08, p=0.03, respectively). No evidence of association between PPAR-v2 Prol2Ala, fasting
insulin levels and HOMA-IR was observed in the low TC subgroup (p = 0.24 for both). When LDL-C and TC
levels were high, Alal2 carriers were also found to have a nominally significant reduced risk of developing IR
(OR=0.44,95% CI 0.27-0.87, p=0.02 and OR = 0.41, 95% 0.20-0.84, p = 0.02, respectively). No association
between PPAR-v2 Pro12Ala and IR was found in the low LDL-C and TC groups (p = 0.07 for both).
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B+SE Pualue

WHR?
Low HDL-C —0.10£0.08 0.17
High HDL-C 0.09+0.07 0.20

Insulin®
Low TC 0.09+0.08 0.24
High TC —0.19+£0.08 0.02

HOMA-IR?
Low TC 0.10+0.08 0.24
High TC —0.17£0.08 0.03
OR (95% CI) P value
Insulin Resistance

Low TC 1.69 (0.92-2.96) 0.07
High TC 0.41 (0.20-0.84) 0.02
Low LDL-C 1.72 (0.97-3.04) 0.07
High LDL-C 0.44 (0.27-0.87) 0.02

Table 4. Circulating lipid subgroup analysis for significant interactions between PPAR-~2 Prol12Ala and
metabolic traits. Abbreviations: CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; LDL-

C, low-density lipoprotein cholesterol; OR, odds ratio; TC, total cholesterol; WHR, waist-to-hip ratio. Data
presented are 3 = SE (p y.e) Or OR (95% CI). All models were adjusted for age, sex, and recruitment center.
Values in bold indicate nominally significant or significant interactions (p < 0.05). *Inverse normal transformed
variables.

Discussion

In the present study we examined the association of the Prol2Ala variant in PPAR-y2 with metabolic traits and
identified nominally significant or significant evidence for gene-environment interactions involving PPAR-v2
genotype and high circulating concentrations of TC, HDL-C and LDL-C influencing WHR, plasma insulin,
HOMA-IR and IR.

We observed a high prevalence of obesity, IR and dyslipidemia in our sample of 1457 Mexican children.
Mexico is experiencing significant epidemiological transitions. Reduced physical activity due to urbanization and
technological innovations and shifts in dietary patterns away from traditional high-fiber foods to the increased
consumption of processed foods laden with fat, refined carbohydrates and added sugar have resulted in a rise in
non-communicable chronic diseases among all age groups?. Indeed, the prevalence of overweight and obesity in
Mexican children reached 34.4% in 2011, representing one of the highest rates of pediatric obesity in the world'e.
Our sample exceeds the national average with a prevalence of overweight/obesity of 49.2%, which may be partly
explained by our strategy to recruit children within an urban setting.

Pediatric obesity is accompanied by an early onset of a number of co-morbidities including T2D, hyperten-
sion, dyslipidemia, and non-alcoholic fatty liver disease?®. The prevalence of dyslipidemia in our sample was an
outstanding 34.9%, much higher than previously reported. The high prevalence of dyslipidemia may be attributed
to a diet rich in refined carbohydrates and animal fats but limited in fiber?. Furthermore, we cannot exclude the
possibility that the prevalence of dyslipidemia reported in this study may stem from the employed definition.
Abnormal concentrations of one or two lipids are routinely used to identify dyslipidemia. However, the use of
three lipids in our study may have artificially increased the prevalence of dyslipidemia in our sample. The preva-
lence of IR in our sample (11%) is lower than previously reported. In a cross-sectional study of Mexican children
aged 7-18, the prevalence of IR was estimated at 20.3% while the National Health and Nutrition Examination
Survey found 52.1% of obese Mexican-Americans aged 12-19 to have IR (compared to 23.4% of obese children
in our sample, data not shown)**!. This discrepancy may be attributed to the younger age of our sample given
that insulin and glucose concentrations gradually increase with age®. We also observed a very low prevalence of
hypertension in our sample (1.5%). Previous reports show the prevalence of hypertension among Mexican chil-
dren varying from 4.7% to 14%**-*. These studies however classified hypertension using percentiles rather than
a threshold, making comparisons challenging.

Since its discovery, the PPAR-v2 Pro12Ala polymorphism has garnered considerable interest due to its ability
to modulate both T2D and obesity risk. Results from GWAS in diverse ethnic groups have established the protec-
tive role of the Alal2 allele against T2D despite it being an obesity-risk allele, as suggested by a recent large-scale
meta-analysis*®. Allele frequencies of the Pro12Ala polymorphism vary among ethnic groups with the highest
Alal2 allele frequencies generally reported in Caucasian, South Asian and South American (all 12%) populations
in the 1000 Genomes Project. The lowest frequencies are found among East Asian (3%) or African (0.5%) popu-
lations. In our sample, the frequency of the Alal2 allele was similar to the allele frequencies reported in the 1000
Genomes Project for Mexican-American adults (14% vs 13%, respectively). In addition to many other genetic var-
iants, the varying frequency of the Pro12Ala polymorphism among ethnic groups contributes to the contrasting
patterns of predisposition to obesity and T2D among populations.

Fatty acids, in particular unsaturated fatty acids, serve as ligands for PPAR-v2. Therefore, we examined the
interaction between circulating lipids as a surrogate for a high-fat diet and PPAR-v2 genotype on metabolic
traits®. Previous studies have shown diet-gene interactions between total, saturated or polyunsaturated fat intake
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on obesity and T2D related traits, however to our knowledge, ours is the first study to report significant interac-
tions between PPAR-+2 genotype and circulating lipids on IR. IR is driven by dyslipidemia (elevated concentra-
tions of TC and LDL-C and decreased concentrations of HDL-C) and is a strong predictor of T2D%. A nominal
association towards lower fasting insulin concentration and lower HOMA-IR was observed among carriers of
the Alal2 allele when TC levels were high. Carriers of the Alal2 allele were found to have a decreased risk for
IR despite high circulating LDL-C, further suggesting the protective role of the Alal2 allele against the develop-
ment of IR amid dyslipidemia®. In our population, a nominally significant interaction between PPAR-72 gen-
otype and HDL-C on WHR was identified with a trend towards low WHR in carriers of the Alal2 allele. The
well-established inverse relationship between circulating HDL-C and abdominal obesity was not observed in the
subgroup of carriers of the Ala12 allele with high HDL-C concentrations®. This finding warrants further replica-
tion in another independent population of Mexican children.

These results must be interpreted with consideration for the acknowledged limitations. Firstly, our population
cannot be considered representative of the Mexican pediatric population as a whole as the prevalence of over-
weight and obesity in Mexico is higher in urban areas with greater economic development (i.e. northern Mexico
and Mexico City)*. Therefore, our population is representative of the urban population of central Mexico as the
recruitment was random. The Mexican population is admixed with Native American (65%), European (30%),
and West African ancestries (5%) with proportions being affected by geographic, demographic and historical
factors*'. As such, genetic heterogeneity exists between and within different regions of Mexico. Although all
of the children in our study reside in Mexico City, we did not have access to ancestry-informative markers and
thus could not adjust for genetic admixture Circulating lipid levels were used as a surrogate for a high- fat diet,
however this assumption could not be confirmed as dietary intake was not directly measured. We acknowledge
that our power was modest, especially considering the Alal2Ala genotype (N = 23) and therefore our findings
deserve further investigation. Due to our modest sample size, most of our results did not reach statistical signifi-
cance after adjusting for multiple testing with Bonferroni correction (P < 2.08 x 10~%) and warrant replication in
independent Mexican pediatric populations (Supplementary Table S1). Lastly, due to the cross-sectional nature
of this study, causality cannot be inferred.

The results of the current study are noteworthy because the association between PPAR-v2 Pro12Ala and obe-
sity and T2D-related traits has never been examined in Mexican children. This is the first study to our knowledge
to report a significant gene-environment interaction between PPAR-v2 Pro12Ala, circulating lipids and markers
of IR in a pediatric Mexican population. Mexican children are a high-risk population for obesity and metabolic
complications and the prevalence of these conditions will likely dramatically increase in this population as they
age. Our results also show that genetic predisposition can alter metabolic traits early in life in presence of an
obesogenic environment. Taken together, the present study demonstrates the urgency of preventing and treating
obesity and T2D and presents childhood as a critical period of opportunity for prevention and intervention strat-
egies. These results also highlight the need for a comprehensive understanding of the genetics of obesity and T2D
in diverse ethnic groups in order to establish personalized/ stratified intervention strategies.

In conclusion, our data show an association of the Prol12Ala allele with IR in a sample of 1457 Mexican chil-
dren. Our results also suggest an interaction between PPAR-v2 Prol2Ala genotype and circulating lipids on IR.
Knowing that Mexican children are at high risk for obesity and T2D, PPAR-72 genotype could be used in con-
junction with other known obesity and T2D genes to guide early prevention strategies in the management of
these diseases.

Methods

Study population. A total of 1457 unrelated children aged 6-14 were randomly selected to participate
in a cross-sectional study from four areas in Mexico City at the Primary Care Unit of the National Mexican
Social Security Institute (Cuauhtémoc West, Independencia South, Nezahualcéyotl Est and Morelos North area).
Recruitment was done in collaboration with local public schools. The study started in July 2011 and is still ongo-
ing. Children who had diagnosis of infectious disease, gastrointestinal disorders, administration of antimicro-
bial agents (within 6 months previous to study), incomplete questionnaires or biological samples were excluded.
The study protocol was approved by the Mexican Social Security Institute National Committee and the Ethical
Committee Board and informed consent was obtained from both parents and the child, in accordance with the
Declaration of Helsinki.

Phenotyping. All participants were weighed using a digital scale (Seca, Hamburg, Germany) and height was
measured with a portable stadiometer (Seca 225, Hamburg, Germany). Waist circumference was measured at the
midpoint between the lowest rib and the iliac crest after a normal exhalation with children in the standing posi-
tion. Hip circumference was measured at the level of the greater trochanters. Body mass index was calculated as
weight (kg)/height (m)? and classified (underweight, normal weight, overweight, obese) according to the Centers
for Disease Control and Prevention CDC 2000 references. Blood samples were obtained following an 8-12hour
fast and were analyzed for fasting glucose, total cholesterol (T'C), high-density lipoprotein cholesterol (HDL-C)
and low-density lipoprotein cholesterol (LDL-C) and triglycerides (TG) using the ILab 350 Clinical Chemistry
System (Instrumentation Laboratory IL. Barcelona Spain). Insulin (IU) was measured by chemiluminescence
(IMMULITE, Siemens, USA) and homeostatic model assessment of insulin resistance (HOMA-IR) was calcu-
lated using the equation by Matthews et al 2. Due to the risk of blood hemolysis, fasting insulin values <1 pU/mL
were discarded from the study. Insulin resistance was defined as HOMA-IR >3.4 (the 90" percentile of HOMA-IR
in a population of healthy Mexican children)*. Hypertension was defined as average measured blood pressure
above the American Heart Association’s recommendations (systolic >140 mmHg or diastolic >90 mmHg).
Dyslipidemia was defined as fasting TG > 100 mg/dL (0-9 years of age) or TG > 130 mg/dL (10-19 years of age)
and/or HDL-C <35 mg/dL and/or LDL-C >130 mg/dL, according to current reccommendations**>.
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Genotyping. Genomic DNA was isolated from peripheral blood using a standard extraction protocol on
an Autogen FLEX STAR (Holliston, Massachusetts USA). Genotyping of the Pro12Ala polymorphism was per-
formed using the TagMan Open Array Real-Time PCR System (Life Technologies, Carlsbad, USA), following the
manufacturer’s instructions. The Open Array experiment involved 64 polymorphisms. From the initial sample
of 1559 participants, 102 were excluded from the current analysis because i) no blood sample was collected for
DNA extraction; ii) DNA extraction was unsuccessful; iii) the genotyping success rate of the Open Array experi-
ment based on the 64 polymorphisms was < 90.6% (>6 genotypes missing). The current analysis included 1457
children. The Pro12Ala genotyping call rate was 99.1%. Deviation from Hardy-Weinberg equilibrium (HWE) for
Pro12Ala was tested using a chi-square test and no deviation from HWE was observed (p=0.30).

Statistical analysis. The normal distribution of continuous variables was tested using the Shapiro-Wilk
test. All traits of interest deviated significantly from normality. Inverse normal transformations corrected the
lack of normality for BMI, WHR, insulin, HOMA-IR, and TG (Supplementary Figure S1). Non-biological outlier
data were discarded. The effect of the rs1801282 variant on metabolic traits (BMI, WHR, fasting glucose, fasting
insulin, HOMA-IR, TC, TG, HDL-C and LDL-C) was determined under an additive genetic model using linear
regression adjusted for age, sex and recruitment center. The minor allele Alal2 was considered as the effect allele.
Interactions between plasma lipids (as continuous traits) and Pro12Ala on metabolic traits were investigated by
adding an interaction term to the linear regression model. To investigate further significant interactions, genetic
association tests in subgroups were performed using the median of the interacting factor to classify the pop-
ulation into high and low groups. Differences between recruitment centers were determined using a one-way
ANOVA and a Tukey post-hoc test. After adjusting for multiple testing using Bonferroni correction (6 metabolic
traits in interaction with 4 lipid traits), a p-value below 2.08 x 10~ (0.05/24) was considered statistically signif-
icant and a p-value between 0.05 and 2.08 x 107> was considered nominally significant. All statistical analyses
were performed using SPSS software (version 20.0). We assessed the power of our sample using QUANTO soft-
ware version 1.2.4 (University of Southern California, Los Angeles, CA, USA).
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