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The aim of the paper was to determine the association between children’s BMI, health behaviors, and HOMA-IR. 1065 students
(535M) aged 9.5 ± 2.1 y from 6 schools were examined. Questionnaires for healthy habits were completed. As all components
could not contribute equally to overweight/obesity (OW/OB), a multiple regression analysis was done with BMI as the dependent
variable. Those components which were associated with BMI were totaled to establish the score. Data also included Tanner, lipids,
insulin, and glucose. 165 (15.5%) of the children were OB (BMI > 95%ile per CDC norms), and 152 (14.3%), OW (85 ≤ BMI <
95%ile). Multiple logistic regression analysis showed a positive association between children’s OW/OB and HOMA-IR (OR, 2.42
(95% CI 1.97–2.98)), and an inverse association with healthy score (OR, 0.66 (95% CI 0.52–0.85)) adjusted for Tanner and gender.
Our results suggest that this is an easy score that could be used to predict children’s OW/OB; however additional longitudinal
studies should be done to confirm these findings.

1. Background

The worldwide epidemic of obesity (OB), resulting from
changes in lifestyle characterized by the lack of physical activ-
ity and an energy-dense diet, has contributed to the creation
of a new situation in which it is estimated that complications
of overweight (OW) will soon surpass undernutrition as
the leading causes of death in low-income communities [1].
Although the causes of OB in children are multifaceted,
the recent upsurge in pediatric OB could be explained by
changes in the availability of high caloric “fast” food, and
soft drinks, an increase in time spent watching television,
and a decrease in the opportunities for physical activity
in schools and communities [2]. Many studies showed
that high levels of body mass index (BMI, kg/m2) among
children and adolescents were associated with adverse levels
of lipids, insulin, and blood pressure, all components of the
metabolic syndrome [3–5]. Different reports [6, 7] show that
exposure to OB in early life significantly contributed to the
development of atherosclerosis and cardiovascular disease
later in life.

The objective of this study was to determine the associ-
ation between children’s OW/OB and lifestyle behaviors and
insulin resistance in elementary school children.

2. Methods

Subjects were 1065 children (525 males) aged 9.54 ± 2.08
years, age range 5.5–14.9 years, in 6 randomly selected
elementary schools from the low-income suburbs of western
Buenos Aires. Children were studied between April 2007
and March 2008. We calculated the sample size based on
the prevalence of OW/OB in children reported in other
elementary school studies in Buenos Aires [8]. Because
the prevalence of OW/OB was approximately 33% among
children in a similar population [8], the sample size was
estimated to achieve that percentage with an error lower than
0.03. The sample size consistent with this error was 1000
children.

Exclusion criteria included the following: missing BMI
information, not being in the fasting state for at least 10
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hours, known diabetes or other chronic disease, the use of
medication that would affect blood pressure or glucose or
lipid metabolism, the informed consent not being signed,
and self-reported pregnancy at the time of the examination.
Of the 1137 children recruited from six schools, one was
taking a thyroid medication, 31 were not in the fasting
state, 12 were missing the BMI information, and 28 declined
to participate. All subjects were examined by the same
physician. The study was approved by the Human Rights
Committee of Durand Hospital in Buenos Aires. Each
subject and parent gave written informed consent after an
explanation of the studyand before its initiation.

Socioeconomic characteristics included age, parental
level of education, and the presence or absence of a
refrigerator and/or a dirt floor. Mothers were asked to define
the number of years they attended elementary school, if they
completed elementary school or high school, and whether or
not they had a university degree.

Mothers were asked about their children’s lifestyle
behaviors. Questionnaires were completed by the same
pediatrician (VH) as mothers generally had a low education
level and may not have fully understood the questions.
The questionnaires were preexamined by a statistician and
a psychologist and were validated by administering them
twice in two weeks to a pilot group of 100 mothers.
Food frequency questionnaires are an acceptable measure of
patterns of intake [9]. Mothers recorded the participants’
daily consumption of vegetables and/or fresh fruit, glasses
of milk, and sweetened beverages, the number of meals
consumed with the family, and hours of TV viewing, as
1, 2, 3, 4, or ≥ 5 as well as the presence of a TV set in
the children’s bedrooms, and whether or not breakfast was
typically consumed. Standard serving sizes and food models
were provided as a reference for intake estimation. To assess
physical activity, a four-level index that ranked participants
according to the number of blocks walked daily was used (<5,
5–10, 10–20, ≥20 blocks daily).

To maximize adjustment for lifestyle factors that may
confound associations between lifestyle habits and OW/OB,
we created a healthy propensity score based on the following
lifestyle factors, coded as 0 for unhealthy, and 1 for healthy
as recommended [10]. The daily lifestyle recommendations
[10] were as follows: two cups of milk for children aged
4–8 years and three cups of milk for children aged 9–14
years, for fruit and vegetables 3 or more portions, for sweet
beverages one or fewer servings, for TV viewing equal to
or less than two hours, the absence of a TV set in the
child’s bedroom, and breakfast intake. As all component
factors could not contribute equally to OW/OB, a multiple
linear regression analysis was done with BMI percentile
as the dependent variable and each component of the
health score as independent variables. To determine the
weight of each component in the score, those components
which were significantly associated with BMI percentile
were multiplied by the beta-standardized coefficient of the
regression analysis. Therefore, each component of the score
was represented by a number according to their weighted
contribution to BMI percentile. Then, the numbers were
totaled to establish the score. We also created four categories

with three being the healthiest and zero being the least
healthy.

The physical examination included determination of the
stage of puberty according to the criteria of Tanner [11].
Tanner stage was performed in 1001 children because 64
children refused to be examined.

About 85% of the population of Argentina is of European
descent (largely Spanish and Italian), with the remainder
of mixed European and South American Indian (12%) or
mixed Indian (3%) descent [12].

Height and weight were measured with subjects wearing
light clothing and without shoes. Height was recorded to the
nearest 0.1 cm with a wall-mounted stadiometer. Weight was
measured to the nearest 0.1 kg on a medical balance scale.
BMI was calculated as weight in kilograms divided by height
in meters squared. Normal weight children were defined as
having a BMI < 85th percentile. OW and OB were defined
as a BMI 85th to 94th and ≥ 95th percentile, respectively, for
age and sex per Centers for Disease Control standards for US
children. BMI z-score (BMI-z) was also determined [13].

Waist circumference measurement was taken at the level
of the umbilicus with the child in the standing position,
without clothing covering the waist area, using a nonelastic
flexible tape measure and recorded to 0.1 cm. Central OB was
defined for children as waist circumference≥ 90th percentile,
according to sex and age, based on approximately 3000
normal Argentinean children (unpublished data).

Three separate blood pressure measurements were
recorded by a trained technician using a random-zero
sphygmomanometer after the participant was seated at rest
for 5 minutes. The averages of the least two measurements of
systolic and diastolic blood pressures were used. Because nor-
mal pediatric blood pressure varies significantly, we used the
National Heart, Lung and Blood Institute’s recommended
cut point for age, gender, and height [14].

Baseline blood samples were obtained from subjects
after fasting for 10 hours, for measurement of levels of
glucose, lipids, and insulin. Plasma glucose was obtained
by the glucose oxidase technique, and serum lipids were
measured with a Hitachi Modular P analyzer (Hitachi High
Technologies Corp., Tokyo, Japan). Serum insulin levels were
determined by radioimmunoassay(Diagnostic Products, Los
Angeles, CA, USA) and did not cross-react with proinsulin
or C-peptide (%CV 5.2–6.8%).

Metabolic syndrome is a constellation of metabolic
abnormalities that predicts premature coronary artery dis-
ease. Criteria analogous to the National Cholesterol Edu-
cation Program Adult Treatment Panel III definition were
used for children [15]. Briefly, metabolic syndrome was
defined as the presence of ≥ 3 of the following 5 conditions:
(1) central OB (waist circumference > 90th percentile), (2)
fasting triglycerides > 110 mg/dL, (3) HDL-C < 40 mg/dL,
(4) blood pressure > 90th percentile for age, gender, and
height, (5) fasting glucose > 100 mg/dL.

The degree of insulin resistance was determined with
the use of a homeostatic model assessment (HOMA-IR)
[16]. HOMA-IR has been validated in children and was
strongly correlated with insulin resistance [17]. The follow-
ing equation for HOMA-IR index was used: fasting insulin
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(uU/l) × fasting glucose (mmoL/l)/22.5) [18]. HOMA-IR
was categorized in quartiles for analysis and HOMA-IR ≥ III
quartile was considered insulin resistance.

3. Data Analysis

Chi-squared test was used to compare proportions. When
more than 20% of the cells had expected frequencies less
than 5, Fisher’s exact test was used. The observed prevalence
was presented in percentage and 95% confidence interval.
The fit to normal distribution of continuous variables was
assessed using the Shapiro-Wilks test. When comparing two
groups with normally distributed data, a Students t-test was
performed.

Multiple linear regression analysis was done to examine
the relationship between BMI percentile as the dependent
variable and lifestyle behaviors as the independent variables.
The probability of being OW/OB in each HOMA-IR quartile
adjusted for gender and Tanner stages was analyzed using
logistic regression analysis. Multiple logistic regression anal-
ysis was also performed using OW/OB as the dependent
variable and HOMA-IR, healthy score, gender, and Tanner
stages as the independent variables.

Observed associations were expressed as OR with 95%
confidence intervals.

P values < 0.05 were considered significant. Data were
presented as mean ± standard deviation (SD). Analyses
were done using the SPSS (Chicago, IL) statistical software
package SPSS version 17.0.

4. Results

All families were in the low socioeconomic class: 77.8% of
parents had an elementary education or less, 7.8% of the
families did not have a refrigerator, and 4.1% had a dirt floor.
One hundred and sixty five (15.5%) of the children were OB
(BMI≥ 95%ile per CDC norms), and 152 (14.3%) were OW
(BMI ≥ 85 < 95%ile). The prevalence of waist circumference
≥ 90th percentile was 262/1065 (24.6%). The social worker
report showed that all of the children in these neighborhoods
attended elementary school. Fifty eight % (587/1001), 23.4%
(234/1001), 14.0% (140/1001), 3.9% (39/1001), and 0.1%
(1/1001) were at Tanner stages 1, 2, 3, 4, and 5, respectively.
As only 1 child was at Tanner stage 5, we merged it with
Tanner stage 4 for the analysis.

4.1. Physical and Metabolic Characteristics. Mean levels of
various characteristics in both sexes are presented in Table 1.
Girls were slightly older and had higher mean triglyceride
levels, HOMA-IR, and insulin levels, and lower HDL-C and
glucose levels. The prevalence of Tanner stage 1 (prepubertal)
was significantly lower in girls (40.5%) than in boys (76.9%)
(P < 0.001), as expected with earlier pubertal maturation in
girls (Table 1). There was not a significant difference in BMI,
z-BMI, waist circumference, systolic blood pressure, and in
the prevalence of OW and OB between genders. However,
there was a higher prevalence of central OB in girls than in
boys.

4.2. OW/OB and Components of Metabolic Syndrome. Within
the sample, the risk factors of central obesity 24.60%,
(95% CI 22.01–17.19%) and low HDL-C 18.18% (95%
CI 15.46–20.91%) were common, while high triglycerides
11.04%, (95% CI 8.83–13.25%), hypertension 3.15% (95%
CI 2.10–4.21%), and impaired fasting glucose 0.78% (95%
CI 0.16–1.40%) were infrequent in the sample. None had
diabetes. Approximately 40% of the children had at least one
component of metabolic syndrome, and 15% of the children
had two or more components for the metabolic syndrome.
The prevalence of metabolic syndrome was 4.2% and there
was not a significant difference between genders.

Mean levels of various characteristics according to
OW/OB are presented in Table 3. There was a higher preva-
lence of central OB, hypertension, low HDL-C, and hyper-
triglyceridemia among children with OW/OB (Table 2).
Mean values of BMI, triglycerides, systolic blood pressure,
diastolic blood pressure, glucose, insulin, and HOMA-IR
were significantly higher while HDL-C was significantly
lower in the group of children with OW/OB (Table 2).

4.3. Lifestyle Habits. Approximately 94% of the children
drank one or more glasses of sweet beverages per day, only
24.3% drank more than two glasses of milk per day, 62.4%
watched TV more than two hours per day, 42% had TV
sets in their bedrooms, 0.7% did not have any family meals,
2% walked 20 or more blocks per day, 13.7% did not eat
breakfast, and 26.7% ate three or more servings of fruits
and vegetables per day. Ninety-one percent of the time, the
sweet beverages consumed by children were juices made from
concentrated powder diluted in water. Only 2.7% drank low-
fat or skim milk, as recommended for children who are older
than 2 years [10].

Each component of the score was weighted using a linear
regression model and BMI percentile as the dependent vari-
able (Table 3). Those components which were significantly
associated in the regression analysis contributed equally to
BMI percentile (Table 3) and those components which were
not significantly associated in the regression analysis were
excluded from the score. Therefore the health score included
breakfast intake, glasses of milk intake, and TV viewing,
whereas sweet beverages intake, blocks walked, family meals,
and the presence of a TV set in their bedrooms were excluded
(Table 3). Thus the health score had a range from 0 (least
healthy) to 0.24 (most healthy). As the distance between
each variable was equal, we created four categories with three
being the healthiest and zero being the least healthy.

There was not a significant difference in the distribution
of the health score categories between genders (P = 0.08),
even though differences in some categories were suggested in
Figure 1. There was a significant difference in the distribution
of the health score categories between normal-weight and
OW/OB children (P < 0.01) (Figure 2). There was a higher
proportion of children in the two lower health categories in
OW/OB than in normal weight children (50% versus 38.5%;
P < 0.01). Furthermore, category one (less healthy) was
the most frequent in OW/OB group whereas category two
(healthier) was more frequent in normal weight children.
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Table 1: Clinical and metabolic characteristics according to sex.

Boys Girls

N = 1065 525 540

% 49.3% 50.7%

Age (years) 9.42± 2.00 9.67± 2.15∗

waist circumference (cm) 63.89± 10.10 64.86± 10.94

BMI (kg/m2) 18.42± 3.60 18.81± 3.95

BMI z-score 0.46± 1.08 0.43± 1.08

Systolic BP (mm Hg) 92.52± 12.64 92.67± 13.39

Colesterol (mg/dL) 152.67± 26.46) 154.40± 27.74

Triglyceride (mg/dL) 69.72± 31.82∗∗ 80.51± 37.96∗∗

HDL-C (mg/dL) 52.37± 11.85∗ 50.26± 11.73∗

Glucose (mg/dL) 76.86± 8.90∗ 75.57± 8.14)∗

Insulin (UI/mL) 3.92± 3.14∗∗ 5.71± 4.61∗∗

HOMA-IR 0.76± 0.64∗∗ 1.07± 0.88∗∗

Tanner 1 (%; 95% CI) 77.03 (73.32–80.75)∗∗ 40.86 (36.59–45.14)∗∗

OW (%; 95% CI) 14.29 (11.29–17.28) 15.81 (12.69–18.93)

Obese (%; 95% CI) 14.26 (11.31–17.21) 15.19 (12.16–18.21)

WC ≥ 90 percentile (%; 95%
CI)

16.95 (13.74–20.16)∗∗ 32.04 (28.10–35.97)∗∗

Data are in Mean ± SD and observed prevalence is in percentage, (95% confidence interval); ∗∗P < 0.01; ∗P < 0.05.

Table 2: Patient characteristics according to the presence of OW/OB.

Normal weight
(n = 749)

OW/OB
(n = 316)

Significance
P < 0.05

Age (years) 9.51± 2.11 9.61± 2.00 0.46

Waist circumference (cm) 60.04± 6.78 74.67± 10.72 < 0.01

BMI(kg/m2) 16.75± 1.80 23.04± 3.56 < 0.01

z-BMI 0.06± 0.82 1.69± 0.44 < 0.01

Systolic BP (mm Hg) 90.40± 11.67 97.75± 14.52 < 0.01

Diastolic BP (mm Hg) 55.08± 8.59 59.89± 9.31 < 0.01

Triglycerides (mg/dL) 69.75± 29.55 87.94± 44.05 < 0.01

HDL-C (mg/dL) 52.88± 11.77 47.46± 11.09 < 0.01

Glucose (mg/dL) 75.83± 8.89 77.16± 7.63 0.04

Insulin (UI/mL) 3.88± 2.96 7.15± 5.27 < 0.01

HOMA-IR 0.74± 0.61 1.36± 0.98 < 0.01

Risk factors ≥ 1 18.83%(16.03–21.62) 75.32% (70.56–80.07) < 0.01

Hypertension 3.0 (1.76–4.23) 13.1 (9.39–16.89) < 0.01

High triglycerides 6.6 (4.53–8.71) 21.7(16.31 –27.05) < 0.01

WC ≥ 90th percentile 5.6(3.96–7.26) 69.6(64.55–74.69) < 0.01

Low HDL-C 14.3 (11.39–17.28) 27.4(21.62–33.25) < 0.01

High glucose 0.9 (0.12–1.73) 0.4 (−0.42–1.31) 0.67

Gender (Females) 51.0%(382/749) 50.0% (158/316) 0.78

Data are in Mean ± SD and observed prevalence is in percentage and 95% confidence interval.

In order to analyze the probability of being OW/OB, we
created a table to show the variation of this probability for
each combination of values of HOMA-IR and health score
(Table 4). Within the group of HOMA-IR < III quartile, the
probability of OW/OB went from 0.33 to 0.11 moving from

the category of the least healthy score to that of the healthiest,
whereas in the group with insulin resistance (HOMA-IR ≥
III quartile), the probability of OW/OB went from 0.72 to
0.41 moving from the category of the least healthy score to
that of the healthiest.



ISRN Public Health 5

0
0 1

Health score

Males
Females

2 3

10

20

30

Fr
eq

u
en

cy

40

50

Figure 1: Health score distribution according to Gender.

Table 3: Multiple regression analysis.

Standardized
coefficients

T Significance

Beta

Constant 16.24 0.00

Breakfast intake −0.08 −2.23 0.03

Milk intake −0.08 −2.22 0.03

Sweet drinks −0.01 −0.22 0.83

TV viewing −0.08 −2.34 0.02

Bocks walked 0.06 1.79 0.07

Fruit and vegetables 0.03 0.91 0.36

Family meals 0.06 1.58 0.11

TV in bedrooms 0.01 0.38 0.70

Dependent variable: BMI percentiles. Independent variables: Lifestyle
behaviors.

Multiple logistic regression analysis showed a direct
association between children’s OW/OB and HOMA-IR quar-
tiles (OR, 2.42 (95% CI 1.97–2.98)), and masculine gender
(OR, 0.56 (95% CI 0.37–0.85)), and an inverse association
with healthy score (OR, 0.66 (95% CI 0.52–0.85)) adjusted
for Tanner stage. Therefore, when the score went from
an unhealthy category to a healthier one, the chance for
OW/OB decreased by 34% adjusted for HOMA-IR, gender,
and Tanner. These results suggestthatunhealthy habits are
associated with OW/OB.

5. Discussion

The most important finding in this report is that this
simple healthy score, which included breakfast intake, milk
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Figure 2: Health score distribution according to OW/OB.

Table 4: Probability of OW/OB for each combination of HOMA-IR
quartiles and health score (from unhealthy to healthy).

Health score HOMA-IR>III Quartile
%

OW/OB

0 0 32.92

1 0 24.03

2 0 16.94

3 0 11.61

0 1 71.94

1 1 62.30

2 1 51.57

3 1 40.70

consumption, and TV watching, is a strong predictor of
children’s OW/OB. The study also shows that there was a
high prevalence of OW/OB in this low-income Argentinean
school-children sample. Children with OW/OB have a higher
prevalence of many components of the metabolic syndrome,
including central obesity, hypertension, high triglycerides,
low HDL-C, and high glucose, compared to normal weight
children with similar age, sex, and pubertal development.
It would, therefore, be reasonable to hypothesize that poor
diet and lack of physical activity have contributed to
the association between OW/OB and insulin resistance in
children.

The rise in the prevalence of OW/OB in children is one
of the most alarming public health issues facing the world
today. The 2003-2004 US National Health and Nutrition
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Examination Survey of 3958 children and adolescents aged
2 to 19 years found that 33.6% of children had a ≥85th
percentile BMI [19]. The prevalence of OW/OB in this cohort
of Argentinean socioeconomically deprived population (8%
without refrigerators and 4% with dirt floors), aged 5 to 14
years (30%), was very similar to the alarming and increasing
rate of OW/OB among children in the United States. Interest-
ingly, the difference between our Argentine population and
the National Health and Nutrition Examination Survey [19]
is that the prevalence of OW/OB was not any worse than in a
more affluent population, such as the USA.

The BMI has become a universal index of nutritional
status in children. Consistent with data in adults and in
children [20], we found that adiposity measured by BMI
had a strong effect on differences in triglycerides, HDL-C,
and insulinemia in both age groups and genders. Several
mechanisms have been proposed to explain this, includ-
ing impaired insulin signaling, interference with glucose
transport, decreased insulin clearance related to elevated
intraportal free fatty acids, and systemic effects of adipocyte
cytokines [21, 22]. Consistent with these studies, we found
that adiposity measured by BMI had a strong effect on
differences in insulinemia. Results from the multiple regres-
sion analysis showed that BMI was associated with insulin-
resistance and unhealthy score. Different longitudinal studies
[23–25] demonstrated that a reduction in body weight
and lifestyle changes were associated with a reduction
in cardiovascular disease and diabetes. The Bright Bodies
study [23] demonstrated that changing the lifestyle of OB
children, using a family-based program that used nutrition
education, behavior modification, and supervised exercise,
could lower BMI, improve body composition, and increase
insulin sensitivity. The Look AHEAD research study [24]
showed that intensive lifestyle intervention resulted in weight
loss with improved cardiovascular risk factors in people with
type 2 diabetes. The Young Finns study also showed that
abdominal OB in adulthood was directly related to youth
OB, and maintaining physical activity from adolescence
to adulthood helped to reduce OB [25]. Consistent with
these studies, we found that childhood OW/OB was directly
associated with insulin resistance and inversely associated
with the health score, indicating more sedentary habits, and
a less healthy diet was more prevalent in the group of school
children with OW/OB.

Physicians should assess children for OW/OB risk to
improve early identification of elevated BMI, unhealthy
eating, and physical activity habits [26]. Dietary patterns
have a role in the development of cardiovascular diseases
due to the effects on their risk factors and body fatness.
For prevention, the recommendations include eating healthy
food, encouraging family meals, limiting portion sizes, and
avoiding sedentary behaviors, which are likely to promote
maintenance of a healthy weight [26]. These observations
highlight the important role that lifestyle behaviors play in
childhood OW/OB. The reported intake of healthy foods
was low in this survey. Approximately 14% of the children
skipped breakfast, which is known to be associated with a
decreased nutritional quality of the diets of children [27].
We also observed that 63% of the children watched TV

more than two hours per day, which is associated with
reduced energy expenditure from TV viewing displacing
physical activity. Of particular note is the strong inverse
association between healthy score, which included breakfast
intake, milk consumption and TV watching, and OW/OB.
Furthermore, we found that in the group of children without
insulin resistance, the probability of being OW/OB decreased
from 33% to 11% and in the group with insulin resistance
the probability decreased from 72% to 41% with health
scores in both groups going from the least healthy category
to the healthiest. Our results from the multiple logistic
regression analysis also showed that when the score went
from an unhealthy category to a healthier one, the chance for
OW/OB decreased by 34% adjusted for HOMA-IR, gender,
and Tanner.

This study has several limitations. The cross-sectional
data limit our ability to definitively identify which factors
account for the unfavorable cardiovascular risk observed in
OW/OB children compared with normal weight children.
Additionally, there is a lack of consensus regarding specific
criteria and cutoff values for insulin resistance, particularly
in children. Despite these limitations, our findings of higher
levels of insulin resistance and lower levels of lifestyle health
scores in a large group of school children with OW/OB are
important and also time observations about the potential
burden of comorbidities in this population. Furthermore,
the lack of a healthy lifestyle, such as excessive sedentary
habits and a poor diet, increases the risk of OW/OB and
future complications especially given that many cardiovascu-
lar risk factors encountered in children track from childhood
into adulthood [28]. Lastly, as the sample included only
elementary school children, only 4% of the children were at
Tanner stage 4. Therefore late puberty was not represented in
the sample. However, the strengths of our study included our
school sample, which was more likely to represent the general
population of school children, the good response rate of the
children, and the use of regression models and simultaneous
adjustments of confounding variables.

6. Conclusions

Our results suggest that insulin resistance is directly asso-
ciated with childhood OW/OB while healthy habits are
inversely associated. The decrease in nutritional quality of
the diets and reduced energy expenditure from sedentary
habits displacing physical activity are associated with a higher
prevalence of OW/OB and its complications. This is an
easy score that could be used to predict children’s OW/OB;
however additional longitudinal studies should be done to
confirm these findings.

Abbreviations

OW: Overweight
OB: Obesity
HOMA-IR: Homeostasis model assessment for insulin

resistance.
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