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Abstract
Objective. The aim of this study was to evaluate the association between lipids and insulin concentration in adolescents. Material and Methods. A cross-sectional study
of 350 adolescents aged 14-19 years old from a public high
school in Guadalajara, in the state of Jalisco, Mexico, was
conducted. Fasting insulin concentration was determined
using microparticle enzyme immunoassay; total cholesterol
and triglycerides were detected by standard enzymatic procedures; and low- and high-density lipoproteins were found
using standard precipitation methods. Statistical analysis
included linear multivariate regression. Results. Serum triglycerides were associated positively with insulin fasting (β=
0.003, p= 0.0001) and high-density lipoprotein cholesterol
was negatively associated with insulin fasting in male adolescents 18-19 years old (β= -0.03, p= 0.012). Conclusions.
The relationships between triglycerides and insulin and between high-density lipoprotein cholesterol and insulin are
already present in adolescence.

Resumen
Objetivo. Evaluar la relación entre lípidos e insulina en
adolescentes. Material y métodos. Estudio transversal
en 350 adolescentes de 14 a 19 años de preparatoria pública en Guadalajara, Jal., México. La insulina se midió por
inmunoensayo enzimático de micropartícula, el colesterol
total y triglicéridos por pruebas enzimáticas estándares, y
las lipoproteínas de baja y alta densidad por métodos de
precipitación. Se utilizó análisis de regresión lineal multivariada. Resultados. Los triglicéridos se asociaron en forma
positiva con insulina (β= 0.003, p= 0.0001) y la lipoproteína
de alta densidad se asoció en forma negativa con insulina en
varones de 18-19 años de edad (β= -0.03, p= 0.012). Conclusiones. En los adolescentes, los triglicéridos y las lipoproteínas de alta densidad están asociados con la insulinemia.
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2 diabetes and cardiovascular disease are the
T ype
leading causes of mortality in Mexico. Both ap1

pear to begin early in life.2,3 Considering the recent findings of high incidence of type 2 diabetes in the Mexican
population, the problem is likely to reach more serious proportions.4 Moreover, it has been shown that
type 2 diabetes incidence in adolescents has increased
in recent years and a higher prevalence of metabolic
syndrome has been shown among Mexican-American
adolescents.5,6
Hyperinsulinemia is the strongest predictor for
type 2 diabetes and is associated with lipid-profile abnormalities.7 Obesity is related with hyperinsulinemia
and altered lipid and lipoprotein concentrations in
adults, especially in those with abdominal fat distribution.8 Insulin, lipid, and lipoprotein concentrations
might be altered by environmental as well as genetic
factors.9 In adults, triglycerides, low-density lipoprotein cholesterol (LDL), and very-low-density lipoprotein cholesterol (VLDL) are positively associated
with insulin resistance, while high-density lipoprotein
cholesterol (HDL) is negatively associated with insulin resistance.6,10–12
Hyperinsulinemia, obesity, and lipid and lipoprotein metabolism abnormalities may be present during
adolescence and may persist through adulthood, at
which time they contribute to the establishment of
metabolic syndrome and eventually influence the development of diabetes along with cardiovascular risks
later in life.3,13 The higher concentrations of insulin, lipids, and lipoproteins observed during early adolescence as compared with late adolescence are explained
mainly by pubertal growth spurt related insulin secretion increases.14 The association among insulin, lipids,
and lipoproteins during this period of life is not completely understood. There is controversy concerning
this matter, as some researchers have found that triglycerides are positively associated with insulin, whereas others have also found associations with LDL,
HDL, and VLDL.15-17 Total cholesterol has not been associated with insulin.15-17 Furthermore, the association
between insulin, abdominal fat, blood lipids, and lipoproteins in adolescents is not as clear as it is in
adults.18,19
The aim of this study was to determine the relationship among lipids, lipoprotein profile, and fasting
insulin concentration, as well as the relationships between lipids, lipoproteins, insulin, and abdominal
obesity in adolescents, as evaluated by waist circumference (WC) and waist-to-hip-ratio (WHR).
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Material and Methods
Subjects. The relationship among lipids, lipoprotein profile, insulin, and obesity in adolescents was investigated using a cross-sectional study. Recruitment and data
collection were carried out from October 1998 to March
1999. Methods and procedures pertinent to this study
have been reported previously.20 Briefly, 350 adolescents
–113 boys and 237 girls– were randomly recruited from
10th to 12th-grade classes at a state-funded Mexican high
school in the Jalisco state capital of Guadalajara. Within
the sample, 45.4% of adolescents were classified as high
socioeconomic status, 33.4% as middle, and 21.1% as low.
Adolescents who worked comprised 27.0% of the sample. Both adolescents and parents gave written informed
consent in accordance with the Institutional Review
Board of the Instituto Mexicano del Seguro Social (Mexican Institute of Social Security) in Guadalajara.
Main outcome measurements. Fasting blood samples were
obtained for serum lipid, lipoprotein, and insulin determinations after 12 h. Serum samples were stored
frozen at -25°C until analyzed. Serum insulin was determined based on microparticle enzyme immunoassay
using anti-insulin (mouse-monoclonal)-coated microplates.21 Regarding lipids and lipoproteins, total serum
cholesterol and triglycerides were determined by standard enzymatic procedures,22,23 while LDL and HDL
were determined using standard precipitation methods with polyvinyl sulphate and phosphotungstic acid,
respectively.24,25 A BM analyzer (Hitachi 705, Indianapolis, IN, USA) was used for all assays. VLDL was estimated according to the following equation: VLDL= total
cholesterol –(HDL + LDL). Intra- and interassay variation coefficients were 4.0 and 6.2% for insulin and <2.7
and <3.7% for all lipids, respectively.
A systematic physical examination was performed
on all study participants, and body weight, height and
waist and hip circumference measurements were assessed according to standardized protocols.26 Overweight was defined as body mass index (BMI, kg/m2)
for age ≥85th percentile. Unfavorable abdominal fat
distribution was defined as a WHR ≥0.85 for females
and ≥0.94 for males.27
In addition, a validated 7-day physical-activity recall questionnaire was administered by a trained dietitian. 28 Activities were classified according to
metabolic equivalents (METS) (ratio of working metabolic rate/resting metabolic rate). Energy expenditure
(EE) was estimated as follows: kcal/day= ∑ [weight
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(kg)* METS *min/h)/7].29 To assess energy and lipid
intake, a validated semi-quantitative food-frequency
questionnaire was administered containing 124 items.30
Average daily energy and lipid intake were derived
using the System of Nutritional Habits and Nutrients
Intake (SNUT) evaluation program.31 Socioeconomic status, family history of type 2 diabetes, and smoking status were assessed using a standardized questionnaire.
Statistical analysis. Descriptive analysis was performed
to estimate the study population’s clinical and anthropometric characteristics; results are expressed as mean
± standard deviation (X ± SD) or as percentages. Differences between means were obtained with the Student t test for continuous variables and proportions
were compared using a χ2 test. Partial correlation coefficients were computed to determine any correlation
among serum lipids, lipoproteins, and insulin, adjusted for age and sex. Adjusted blood lipids and lipoprotein means were obtained across anthropometric
variables (BMI, WC, and WHR). Confounders included age, sex, BMI, WC, EE, caloric intake, and smoking
status. Linear trend was tested with multivariate analysis. Adjusted means of lipid and lipoprotein concentrations according to insulin quartiles were also
obtained and tested for linear trend after performing
multivariate analysis. Due to the skewed distribution
of insulin, this was log-transformed for analysis. The
association among fasting lipid, lipoprotein, and insulin concentration was assessed using multiple linear
regression analysis. A model was built for each lipid
and lipoprotein, with insulin as the dependent variable. The inflation factor was analyzed in order to evaluate possible multicollinearity among studied
variables. Data were analyzed with Stata version 7.0

ORIGINAL

software (Stata Corp., TX, USA). Differences were regarded as statistically significant if corresponding p
values were ≤0.05.

Results
The study population consisted of 350 adolescents, 68%
female, with a mean age of 16 ± 1.19 years (range, 1419 years old). Nineteen percent of all adolescents were
overweight, 3% had unfavorable abdominal fat distribution, 22% were current smokers, and 8.3% had a family history of type 2 diabetes. Mean fasting serum
insulin concentration was 54.8 ± 29.4 pmol/l; triglycerides, 100.3 ± 35.4 mg/dl; total cholesterol (CHOL),
157.2 ± 27.0 mg/dl; LDL, 95.2 ± 26.3 mg/dl; VLDL, 18.5
± 7.3 mg/dl; and HDL, 43.5 ± 8.9 mg/dl. Lipid and
lipoprotein profile distribution by sex and socioeconomic status in this population has been reported elsewhere.32
Under partial correlation analysis adjusting for age
and sex, fasting insulin concentration correlated positively with lipids and lipoproteins, except VLDL, and
correlated negatively with HDL. BMI and WC correlated positively with insulin, lipids, and lipoproteins,
and negatively with HDL. BMI showed strongest correlations for nearly all parameters, WHR also correlated positively with all these parameters except total
cholesterol and LDL, and WC showed stronger correlations with these parameters in comparison with WHR
(Table I).
Linear trend results of lipids and lipoproteins
across anthropometric parameters demonstrated that
total cholesterol, triglycerides, and LDL increased
from the lowest to the highest BMI quartile (147.7-168.5
mg/dl, p= 0.02, 91.2-118.4 mg/dl, p= 0.008, and 85.2-

Table I

AGE-

AND GENDER -ADJUSTED CORRELATION COEFFICIENTS AMONG INSULIN , LIPID AND LIPOPROTEIN PROFILE,

AND ANTHROPOMETRIC PARAMETERS IN ADOLESCENTS IN

GUADALAJARA, JALISCO, MEXICO 1998-1999 (N= 350)

Characteristic

Insulin
(pmol/l)

Cholesterol
(mg/dl)

Triglycerides
(mg/dl)

LDL
(mg/dl)

VLDL
(mg/dl)

Insulin (pmol/l)
Body mass index (kg/m2)
Waist circumference (cm)
Waist-to-hip ratio (cm/cm)

0.610*
0.587*
0.386*

0.207*
0.187*
0.152 §
0.029

0.357*
0.377*
0.383*
0.281*

0.259*
0.250*
0.216*
0.099

0.099
0.118‡
0.145§
0.112‡

HDL
(mg/dl)
-0.23*
-0.273*
-0.295*
-0.281*

HD
LDL/((mg/dl)/(mg/dl))

CHOL/HDL
((mg/dl)/(mg/dl))

0.343*
0.352*
0.340*
0.247*

0.363*
0.383*
0.381*
0.288*

* p< 0.0001
p< 0.05
p< 0.01

‡
§

LDL (low-density lipoprotein cholesterol); VLDL (very low-density lipoprotein cholesterol); HDL (high-density lipoprotein cholesterol); LDL/HDL (lowdensity lipoprotein cholesterol /high-density lipoprotein cholesterol ratio; CHOL/HDL (total cholesterol/high-density lipoprotein cholesterol ratio)
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105.6 mg/dl, p= 0.02, respectively). Triglycerides increased from the lowest to the highest WC quartile
(97.6-114.5 mg/dl, p= 0.046), while HDL decreased
from the lowest to the highest WHR quartile (47.1-39.9
mg/dl, p <0.001).
Table II shows median values of fasting lipid and
lipoprotein concentrations according to insulin quartiles after adjustment for known confounders. After
conducting multivariate regression analysis as well as
a trend test run for each lipid and lipoprotein, only
triglycerides were found to increase across insulin
quartiles from lowest to highest (93.1 mg/dl-110.4
mg/dl, p= 0.043).
Total cholesterol, triglycerides, LDL, VLDL, and
HDL, and total CHOL/HDL ratio were associated with
insulin after adjustment for age and sex. However, the
relationship among insulin and total cholesterol, LDL,
VLDL, and HDL was not statistically significant when
BMI was included in the model. Moreover, when WC
was included triglycerides and CHOL/LDL ratio remained independently associated with insulin concentration. Finally, when EE was included in the model
only triglycerides were associated with insulin concentration (Table III).
When no significance was found in the model adjusted by age, sex, BMI, WC, and EE, additional multiple linear analyses were performed by age group (14-15,
16-17, and 18-19 years) and sex (male and female). These
analyses demonstrated a significant relationship between insulin and HDL in males 18-19 years old when
BMI (β= -0.03, p= 0.012), WC (β= -0.03, p= 0.009), and EE
(β= -0.03, p= 0.02) were included. The variance inflation

Table II

A DJUSTED

MEANS* OF FASTING LIPID AND LIPOPROTEIN

CONCENTRATIONS ACCORDING TO INSULIN QUARTILES

GUADALAJARA, JALISCO, M EXICO,
1998-1999 (N = 350)

IN ADOLESCENTS IN

Insulin quartiles (pmol/l)‡
p value
1
2
3
4
for
(28.5) (43.8) (56.4) (84.6) trend
Triglycerides (mg/dl)
93.1 98.1 102.2 110.4
Total cholesterol (mg/dl)
156.0 153.5 159.0 160.9
LDL (mg/dl)
94.8 91.9 95.3 98.5
VLDL (mg/dl)
17.7 18.0 18.7 19.7
HDL (mg/dl)
43.7 43.7 44.6 42.3
CHOL/HDL ratio ((mg/dl)/(mg/dl)) 3.7
3.6
3.7
3.9
LDL/HDL ratio ((mg/dl)/(mg/dl))
2.3
2.2
2.2
2.4

0.043
0.381
0.521
0.453
0.511
0.249
0.340

* Adjusted by age (years), body mass index (kg/m2), waist circumference
(cm), energy intake (kcal/day), saturated fat intake (g/day), monosaturated
fat intake (g/day), polyunsaturated fat intake (g/day), energy expenditure
(kcal/day), smoking (none, 1-100 and >100 cigarettes per year), gender
(female/male), and family history of type 2 diabetes (yes or no). Insulin
quartile median values are depicted in parentheses
‡
Values are insulin quartile medians

factor was 3.8 and no problems were detected for multicollinearity. These associations were not statistically
significant in younger adolescents.
Table IV shows the relationship between serum
triglycerides and insulin, adjusted for socioeconomic
and environmental factors. Triglycerides were associated with fasting insulin concentration (β= 0.003,

Table III
FOR

RELATIONSHIP AMONG LIPID, LIPOPROTEIN, AND INSULIN CONCENTRATIONS AFTER ADJUSTMENT
CONFOUNDING FACTORS IN ADOLESCENTS IN GUADALAJARA, JALISCO, M EXICO , 1998-1999 (N = 348)
Models*

Triglycerides (mg/dl)
Total cholesterol (mg/dl)
LDL (mg/dl)
VLDL (mg/dl)
HDL (mg/dl)
CHOL/HDL (mg/dl/mg/dl)
LDL/HDL (mg/dl/mg/dl)

Age

Age, sex

Age, sex, BMI‡

Age, sex, BMI, WC§

Age, sex, BMI, WC, EE#

0.006&
0.004&
0.004&
0.010&
-0.012&
0.191&
0.185&

0.006 &
0.004 &
0.004 &
0.010 ≠
-0.013&
0.191 &
0.185 &

0.003&
0.001
0.001
0.004
-0.004
0.068≠
0.063≠

0.003&
0.001
0.001
0.004
-0.001
0.064≠
0.060

0.003 &
0.002
0.001
0.004
-0.001
0.048
0.044

* Results (b coefficients) for linear multivariate regression after adjustment for factors listed
‡
BMI: body mass index
§
WC: waist circumference
#
EE: energy expenditure
&
<0.01
≠
<0.05
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Table IV

RELATIONSHIP BETWEEN SERUM TRIGLYCERIDES
AND INSULIN IN ADOLESCENTS IN GUADALAJARA,
J ALISCO, M EXICO, 1998-1999 (N= 348)*
β

Predictors
Triglycerides (mg/dl)
Body mass index (kg/m2)
Waist circumference (cm)
Energy expenditure (kcal/day)
Energy intake (kcal/day)

0.00267
0.07582
0.01586
-0.00038
0.00001

95% CI
0.0012,
0.0401,
0.0007,
-0.0005,
-0.0001,

p value

0.0041 <0.0001
0.1116 <0.0001
0.0310 0.040
-0.0002 <0.0001
0.0001 0.800

* Results of multivariate linear regression [R2= 0.41, F= 14.23]. Adjusted
for age (years), sex (female/male), family history of diabetes (yes/no),
cigarette smoking categories (never, 1-20, 51-100, 10-250, >250 cigarettes
per year), saturated fat (g/day), monosaturated fat (g/day), and
polyunsaturated fat (g/day). 95% CI

p<0.01). BMI and WC were positively associated with
fasting insulin concentration (β= 0.076, p<0.01 and β=
0.016, p= 0.04, respectively). This model explained 41%
of the plasma fasting insulin concentration variability.
The variance inflation factor was 4.2 and no problems
were detected for multicollinearity.

Discussion
The findings of this study suggest that insulin resistance
syndrome factors are already present in adolescence and,
as demonstrated in adult studies, triglyceridemia, HDL,
and obesity are related with insulinemia independently of other relevant factors. The results show that hyperinsulinemia correlates negatively with HDL and
positively with total cholesterol, triglycerides, LDL,
and the CHOL/HDL ratio, after age and sex adjustments. A further adjustment including BMI, WC, EE
and smoking status was carried out. With the exception of triglycerides and HDL in 18-19-year-old male
adolescents, associations among insulin, lipids, and lipoproteins disappeared. These results are similar to
those reported by Bonora et al.,15 except that those authors found no association with HDL. Other studies
have found that insulin resistance is also related with
LDL and VLDL,16,17 but these associations may have
been confounded because BMI, WC, and EE were not
controlled. Moreover, adolescents in those studies were
younger than adolescent participants in the study presented here, which also may have contributed to the
differences. Although only triglycerides and HDL in
males aged 18-19 years were significantly associated
with insulin in this study, it is important to point out
the tendency toward higher fasting insulin with adsalud pública de méxico / vol.48, no.4, julio-agosto de 2006
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verse lipid or lipoprotein concentration, as observed
in Table II. Although some metabolic alterations persist from adolescence to young adulthood,33 the possible biological implications for late adulthood of
tendencies observed in the adolescents representative
of this study are yet to be established.
During adolescence, insulin, lipid, and lipoprotein concentrations change according to sex and puberty.14,33-34 Although puberty was not evaluated in this
study, it is assumed that adolescents are mainly at Tanner stages 4 and 5, because in other series it has been
found that 56% of 14- to 19-year-old adolescents from
Guadalajara were at Tanner stage 4 and 42% at Tanner
stage 5 (unpublished data). Total cholesterol and LDL
were not associated with insulin probably because of
total cholesterol decreases during Tanner stages 4 and
5,34,35 possibly due to the effect of steroid hormone increases. For example, in this study, total cholesterol values fell from 165.5 in 14-15 years old to 157.6 mg/dl in
18-19 years old females. The same pattern occurred with
LDL which decreased from 102.4-92.4 mg/dl in 14-15
years old to 92.4 mg/dl in 18-19 years old.32
One interesting finding in this study comprised
the negative association between HDL and insulin,
particularly in 18-19-year-old males compared with
younger males or females. These results differ from the
results of a study of 18-year-old healthy young men in
Italy in which HDL was not associated negatively with
insulin. However, HDL concentration was higher in
adolescents in that study than in those in the study presented here (53.7 vs. 36.3 mg/dl).15 This is probably due
to the Italian adolescents’ diet, which was rich in monosaturated fat. The present finding may suggest that
atherogenesis development could be triggered at this
young age, which warrants further investigation.
High abdominal fat may increase free fatty acid
flux to the liver, thereby increasing its oxidation, modifying glucose disposal to extra-hepatic tissues, and
increasing insulin resistance.36 This high free fatty acid
flow to hepatocytes may modify the number of insulin receptors, alter receptor function, and modify insulin internalization and degradation. These effects
may account for altered hepatic insulin extraction and
sensitivity.37 It was expected that BMI, WC, and WHR
would be independent predictors of serum insulin, as
had been published,17,19 nevertheless, as demonstrated elsewhere15 this study found that only BMI and WC
were independently associated. This study controlled
for potential confounders, which might explain these
discrepancies. Furthermore, lack of an association
might be explained by the early development of abdominal fat deposits at this stage of life, or because
WHR does not really capture visceral adiposity as it
297
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does in adults, in whom it was shown to be an important risk factor for insulin and lipid concentrations.
The relationship between serum insulin concentration and lipid and lipoprotein profile is better understood in adults than in adolescents. Perhaps there is a
critical time-frame that could enable identification of an
evolving dysfunctional metabolism. Improved understanding of several factors, including the genetics and
physiology of puberty, would explain associations between lipids and insulin in adolescents. Due to the crosssectional design of this study, no causal relationship
between triglycerides and insulin or between HDL and
insulin can be established. However, the data in this
study support the hypothesis that high triglyceride
concentration, low HDL concentration, obesity, and
abdominal fat may be independently associated with
hyperinsulinemia. Future cohort studies and interventions in adolescents would be useful to establish causality between triglycerides and insulin, and HDL and
insulin. Meanwhile, the results of this study suggest
that it is important to initiate primary prevention programs to reduce, in adolescence, these risk factors for
chronic diseases, such as type 2 diabetes mellitus.
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