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Abstract

Objective: To test the hypothesis that overweight ado-
lescents have higher plasma total homocysteine (tHcy)
levels than non-overweight adolescents and to explore
the association between plasma tHcy levels with folate,
vitamin B , and some risk factors for CVD in both
groups.

Methods: A case-control study conductec with 239
adolescentes aged 15-19 years in the city of Sao Paulo,
Brazil; 86 overweight and 153 non-overweight frequency
matched by age, gender, pubertal and socioeconomic
status. tHcy, folate, vitamin B ,, lipid profile, glucose, in-
sulin and insulin resistance were measured.

Results: No significant differences were found in tHcy,
folate and vitamin B , levels between overweight and
non-overweight groups. The geometric means of tHcy
were elevated in both groups (overweight: 11.8 umol/L;
non-overweight: 11.6 umol/L) higher for boys than for
girls (P = 0.001). Folate deficiency was identified in
68.6% of total studied population. Triacylglycerol, LDL
cholesterol, insulin resistance were higher and HDL cho-
lesterol was lower in overweight that non-overweight
adolescents. In the multiple linear regression model, in
overweight group, tHcy was independently associated
with age (P = 0.041), sex (P = 0.004) and folate (P =
0.022) and in non-overweight group, with age (P =
0.049), sex (P < 0.001), folate (P = 0.018) and vitamin B ,
(P =0.030).

Conclusions: Obesity was not a determinant factor of
tHcy levels. Age, sex and folate were independent deter-
minants of plasma tHcy levels. The high prevalence of
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HOMOCISTEINA PLASMATICA TOTAL
EN ADOLESCENTES BRASILENOS CON Y SIN
SOBREPESO: UN ESTUDIO DE CASOS-CONTROL

Resumen

Objetivo: Probar la hipétesis de que los adolescentes
con sobrepeso tienen mayores concentraciones plasma-
ticas de homocisteina total (tHcy) que los adolescentes
sin sobrepeso, y explorar la asociaciéon entre las con-
centraciones plasmaticas de tHey con folato, vitamina
B,, y algunos factores de riesgo de ECV en ambos gru-
pos.

Métodos: Estudio de casos-control realizado en 239
adolescentes de edades entre los 15-19 aiios, de la ciudad
de Sao Paulo, Brasil; 86 tenian sobrepeso y 153 no, em-
parejados por edad, sexo, estado puberal y socioeconé-
mico. Se midieron tHcy, folato, vitamina B ,, perfil lipidi-
co, glucosa, insulina y resistencia a insulina.

Resultados: no se hallaron diferencias significativas
en las concentraciones de tHcy, folato ni vitamina B,
entre los grupos con y sin sobrepeso. Las medias geo-
métricas de tHcy estaban elevadas en ambos grupos
(sobrepeso: 11,8 umol/l; sin sobrepeso: 11,6 umol/l), y
fueron mayores en los chicos que las chicas (P < 0,001).
Se identifico la deficiencia de folatos en el 68,6% de la
poblacion total estudiada. El triacilglicerol, el coleste-
rol-LDL y la resistencia a insulina fueron mayores en el
grupo de adolescentes con sobrepeso, y el colesterol-
HDL fue superior en el grupo sin sobrepeso. En el mo-
delo de regresion linear miltiple, en el grupo con so-
brepeso, la tHcy se asocid, de forma independiente, con
la edad (P = 0,041), el sexo (P = 0,004) y el folato (P =
0,022) y, en el grupo sin sobrepeso, con la edad (P =
0,049), el sexo (P < 0,001), el folato (P = 0,018) y la vita-
mina B, (P =0,030).

Conclusiones: la obesidad no fue un factor determi-
nante de las concentraciones de tHcy. La edad, el sexo y
el folato fueron determinantes independientes de las con-
centraciones plasmaticas de tHcy. La prevalencia eleva-
da de deficiencia de folato podria haber sido responsable
de las concentraciones elevadas de tHcy en estos adoles-

313



folate deficiency may have been responsible for the ele-
vated tHcy levels in these adolescents, increasing the risk
for future development of CVD.

(Nutr Hosp 2005, 20:313-319)

Key words: Homocysteine. Folate. Vitamin B,,. Obesity.
Adolescence. Insulin resistance. Lipid profile.

Introduction

The prevalence of overweight and obesity in chil-
dren and adolescents is increasing rapidly in develo-
ped countries as well as in developing countries.! In
Brazil, as in United States and Europe, an increase in
the prevalence of obesity strictly related to changes in
lifestyle and eating habits has been observed?. Analy-
ses from the National Health and Nutrition Examina-
tion Surveys (1963-1991) demonstrated a continuous
rise in the prevalence of overweight adolescents from
15% to 22%>.

Overweight children and adolescents present seve-
ral risk factors for future cardiovascular diseases®.
There is a clear association between childhood obesity
and adult cardiovascular mortality’. In Brazil, cardio-
vascular disease is the foremost cause of death and it
is estimated that the prevention of overweight and
obesity could reduce the incidence of cardiovascular
disease by at least 30%°.

Obesity may be associated with increased plasma
tHcy levels in adults™®. Some studies with children and
adolescents observed a positive association between
tHcy levels and body mass index* °. In obese children
and adolescents, tHcy levels were strongly related
with body mass index and insulin, suggesting that hy-
perinsulinism associated to obesity may contribute to
impairment of homocysteine metabolism'.

Homocysteine is a sulfydryl-containing amino acid
derived from the metabolic demethylation of dietary
methionine. There are two pathways in the homocys-
teine metabolism: remethylation and transulfuration.
Folate, vitamin B , and vitamin B, are essential cofac-
tors in these pathways'?. Plasma tHcy levels are con-
trolled by interplay of genetic and nutritional factors.
Individuals with a nutritional deficiency that leads to
low blood levels of folate, vitamin B, or vitamin B
are at risk of hyperhomocysteinemia®.

McCully and Wilson' proposed the homocysteine
theory of atherosclerosis based upon pathological exa-
minations of autopsy material from children with hyper-
homocysteinuria”. This observation led to the hypothe-
sis that homocysteine may contribute to the
development of atherosclerosis. Results from about 80
clinical and epidemiological studies have shown that
even a moderate elevation of tHcy levels can be associa-
ted with an increased risk of cardiovascular disease'®.

Obese adolescents present a high risk for develo-
ping dyslipidemias, hyperinsulinism and insulin resis-
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centes, aumentando el riesgo de desarrollo futuro de
ECV.

(Nutr Hosp 2005, 20:313-319)

Palabras clave: Homocisteina. Folato. Vitamina B,,. Obe-
sidad. Adolescencia. Resistencia a la insulina. Perfil lipidico.

tance. A few studies have investigated plasma tHcy
levels in overweight adolescents. Determining tHcy,
folate, vitamin B ,, lipid profile, insulin resistance and
their relations with overweight and obesity in adoles-
cence is relevant for the adoption of preventive mea-
sures with the objective of correcting deficiencies, im-
proving quality of life, reducing risk of chronic
diseases, especially cardiovascular diseases, and con-
sequently increasing life expectancy. Thus, our purpo-
se was to test the hypothesis that overweight adoles-
cents have higher plasma tHcy levels than
non-overweight adolescents and to explore the asso-
ciation between plasma tHcy concentration with fola-
te, vitamin B, lipid profile, glucose, insulin and insu-
lin resistance in both groups.

Subjects and methods

The case-control study was carried out in the city of
Sao Paulo, state of Sao Paulo, Southeastern Brazil, from
August to December 2002. For allocation into over-
weight and non-overweight groups, a team of trained
nutritionists and pediatricians weighed and measured
1,420 adolescents born between January 01, 1982 and
December 31, 1987, representing 98.68% of all students
enrolled in one public high-school of Sdo Paulo. Sixte-
en (1.11%) youngsters refused to be evaluated and three
(0.21%) were not found after at least three attempts.
The adolescents were measured during their physical
education classes and body mass indexes (BMI) were
calculated as weight (Kg)/height? (m). Of the 263 eligi-
ble adolescents, participants in every phase of the study,
9.12% (n = 24) were excluded (4 - hypothyroidism; 6 -
blood sample hemolysis; 8 - vitamin supplementation;
and 6 - use of medication that could alter the tHcy re-
sults). The sample then comprised 239 adolescents; 86
identified as overweight (BMI = 85®) and 153 as non-
overweight (5" < BMI < 85")" frequency matched by
age, sex, socioeconomic status and pubertal stage 4 or 5
according to Tanner™. Data on birth, personal history
(e.g., history of chronic diseases), familial cardiovascu-
lar disease (coronary artery disease, stroke, or periphe-
ral vascular disease in the family, including parents,
grandparents, uncles and aunts) and use of medication
were collected using a standardized and pre-tested ques-
tionnaire applied by trained nutritionists and pediatri-
cians to both overweight and non-overweight adoles-
cents. Adolescents suffering from severe illness with
clinical and laboratorial confirmation of the diagnosis
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(e.g., renal, heart, respiratory, hepatic, endocrine or neu-
rological disease) and those taking medication regu-
larly, except for oral contraceptives in girls (5 over-
weight and 9 non-overweight), were excluded from the
study. The study was approved by the Ethics Commit-
tee of the Federal University of Sao Paulo. Written, in-
formed consent was obtained from each adolescent and
their parents before the study started.

Biochemical Analysis

Blood samples were collected by peripheral venous
punction, in the morning, after a 12-hour fast, in order
to determine tHcy, folate, vitamin B ,, HDL choleste-
rol, LDL cholesterol, triacylglycerol, glucose and insu-
lin levels. Blood samples for the measurement of tHcy
were collected in tubes containing EDTA. Plasma was
isolated by centrifugation (3,000 X g at 4°C for 20
min) and immediately stored at -80° for two months
until analyzed. The plasma tHcy levels were measured
by high performance liquid chromatography (HPLC)®.
Hyperhomocysteinemia was defined as a tHcy concen-
tration > 15 umol/L¥. Serum levels of folate were me-
asured using Ion Capture Technology (AXSYM Sys-
tem-ABBOTT Laboratories, Illinois, USA) and
vitamin B , were measured by MEIA-Microparticle
Enzyme Immunoassay Technology (AxSYM System-
ABBOTT Laboratories, Illinois, USA). The normality
range considered for serum folic acid was 5.0-16.0
ng/mL and for vitamin B, was 200-1,000 pg/ml. HDL
cholesterol and triacylglycerol levels were measured
by using colorimetric method (VITROS SYSTEMS
CHEMISTRY 750 XRC-Ortho-Clinical Diagnostics,
Inc-Johnson & Johnson Company, New York-USA).
LDL cholesterol levels were calculated with the Frie-
dewald formula when triacylglycerol was lower than
400 mg/dI*'. Glucose was detected by enzymatic met-
hod utilizing hexokinase and glucose-6-phosphate
dihydrogenase enzymes (Advia Chemistry System
1650-Bayer). Insulin was measured by two-site immu-
noenzymometric assay (TOSOH-TOSOH CORPO-
RATION, Tokyo, Japan). The insulin resistance was
determined by homeostasis model assessment for insu-
lin resistance (HOMA-IR), calculating the product of
the fasting plasma insulin (WU/mL) and fasting plasma
glucose (mmol/L) divided by 22.5%.

Statistical Analysis

The continuous variables that were not normally
distributed according to Shapiro-Wilk test were log
transformed (tHcy, folate, vitamin B ,, HDL choleste-
rol, LDL cholesterol, triacylglycerol, insulin and HO-
MA-IR) and their values were presented as geometric
mean and 95% confidence interval. The continuous
variables normally distributed were expressed as me-
an and standard deviation. Comparisons between
overweight and non-overweight groups and between
males and females were assessed by Student’s #-test.

Correlations between the tHcy and all other conti-
nuous variables were calculated using Pearson’s co-
rrelation coefficient in overweight and non-over-
weight groups. In order to observe the association
between tHcy and all studied variables (age, sex, fola-
te, vitamin B ,, HDL cholesterol, LDL cholesterol,
triacylglycerol, glucose, insulin and HOMA-IR) a
simple linear regression model was used and the signi-
ficant variables (P < 0.05) were included in the multi-
ple linear regression model. Statistical tests were con-
sidered significant when P < 0.05. The statistical
analyses were completed using the software Stata 8.0
(Stata Corp., College Station, TX, USA).

Results

The clinical and biochemical characteristics of the
overweight and non-overweight adolescents are des-
cribed in table I. Some data are expressed as mean and
standard deviation and others as geometric mean and
95% confidence interval.

Plasma tHcy levels were high in both overweight
and non-overweight groups. According to Student’s #-
test there was no significant difference in tHcy levels
between the overweight and non-overweight groups
even when distributed according to sex. Elevated le-
vels of tHcy appeared in both groups independently of

Table I
Characteristics clinical and biochemical in overweight
and non-overweight adolescents*

Overweight Non-overweight P
n=286 n=153
Sex (M/F) 41/45 70/83
Age’ (Years) 160£1.0 163+1.0 0.079
BMIt 296+29 204 £2.1 <0.001
tHey* (umol/L)
All 11.8(10.9-12.8) 11.6(11.0-122)  0.696
Male 13.5(11.9-154y  13.1(12.1-142)  0.662
Female 10.4 (9.5-11.4) 104 (98-11.1)  0.968
Folate* (ng/mL) 43(3.9-47) 4.1(3.9-44) 0.495

Vitamin B } (pgml) 4110 (373.5-4522) 451.5 (422.0-483.1) 0.106
HDL cholesterol’ (mg/dL) ~ 43.5 (41.2-45.8) 502 (48.2:523)  <0.001
LDL cholesterol* (mg/dL) ~ 98.4 (93.3-103.8)  90.6(86.9-945)  0.018

Triacylglycerol' (mg/dL) ~ 90.3 (81.3-100.2)  73.3(69.5-77.3)  <0.001

Glucose' (mg/dL) 83.6(x6.4) 82.3(£64) 0.138
Insulin’ (WU/mL) 11.7(10.3-13.1) 6.4 (5.9-6.8) <0.001
HOMA-IR! 24(2.1-27) 1.3(1.2-14) <0.001

* Means or geometric means of the overweight and non-overweight
adolescents were compared by Student’s 7-test.

* Mean + SD.

# Geometric mean; 95% Cls in parentheses.

% Significant sex difference: §P = 0.001; YP <0.001 (Student’s z-test).
BMI, body mass index; tHcy, total homocysteine; HDL-c, high-
density lipoprotein; LDL, low density lipoprotein. HOMA-IR, Ho-
meostasis model assessment for insulin resistance. Fasting plasma
insulin (WU/mL) x fasting plasma glucose (mmol/L)/22.5.
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Fig. 1.—Association between plasma tHcy levels and folic acid
in overweight adolescents n = 86 (A) and non-overweight ado-
lescents n = 153 (B).

the nutritional condition. We observed hyperho-
mocysteinemia (> 15 wmol/L) in 46 adolescents
(19.2%) from the total sample. In both groups, plasma
tHcy levels exhibited higher mean values in males
than in females (P < 0.001).

Likewise, there was no significant difference bet-
ween overweight and non-overweight adolescents in
relation to folate and vitamin B, levels. Considering
the adolescents as a whole, the deficiencies of folate
and vitamin B , were identified in 68.6% (n = 164)
and 2.5% (n = 6), respectively.

Overweight adolescents presented geometric means
significantly higher for LDL cholesterol, triacylglyce-
rol, insulin and HOMA-IR than non-overweight ado-
lescents. The HDL cholesterol geometric mean was
lower in overweight than in non-overweight indivi-
duals. There was no significant difference in the glu-
cose mean between the groups.

Applying Pearson correlation coefficient with tHcy
as dependent variable and the clinical and laboratorial
variables as independent, we observed a negative co-

Table IT
Variables associated with plasma tHcy levels
in overweight adolescents*

P coefficient 95% CI P
Age (Years) 0.032 (0.001; 0.063) 0.041
Sex? -0.095 (-0.159; -0.031) 0.004
Folate -0.219 (-0.406; -0.032) 0.022
Vitamin B , -0.090 (-0.255; 0.074) 0.278

* Values for plasma tHcy levels, folate and vitamin B, ,, were log, -
transformed before analysis. 3 coefficients and P values were deter-
mined by multiple linear regression analyses and ajusted for all va-
riables listed. B coefficients are the log,, of tHcy per unit change in
the independent variable (age, folate and vitamin B ).

* Females in relation to males.

n = 86.

rrelation with folate (r = -0.2928, P = 0.0062) and po-
sitive with age (r = 0.2534, P = 0.0186) in the over-
weight group. In the non-overweight group there was
a negative correlation with folate (r =-0.1798, P =
0.0262) and vitamin B , (r =-0.1959, P=0.0152) and a
positive correlation with age (r = 0.1599, P = 0.0483).
There was no correlation between tHcy and HDL cho-
lesterol, LDL cholesterol, triacylglycerol, glucose, in-
sulin and HOMA-IR in either the overweight or non-
overweight groups.

The association between tHcy and folate in over-
weight and non-overweight adolescents obtained in
the linear regression model is shown in figure 1.

The multiple linear regression model showed that
tHcy in the overweight group remained independently
associated with age, sex and folate and that in the non-
overweight group the tHcy remained independently
associated with age, sex, folate and vitamin B , (tables
II and III).

Discussion

Our results showed that there was no significant
difference in plasma tHcy levels between overweight

Table IIT
Variables associated with plasma tHcy levels
in non-overweight adolescents*

B coefficient 95% CI P
Age (Years) 0.021 (0.000; 0.042) 0.049
Sex' -0.089 (-0.132;-0.047) < 0.001
Folate -0.156 (-0.286; -0.026) 0.018
Vitamin B , -0.127 (-0.243; 0.012) 0.030

* Values for plasma tHcy levels, folate and vitamin B,,, were log, -
transformed before analysis. f§ coefficients and P values were deter-
mined by multiple linear regression analyses and ajusted for all va-
riables listed. 3 coefficients are the log,, of tHcy per unit change in
the independent variable (age, folate and vitamin B ).

* Females in relation to males.

n=153.
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and non-overweight adolescents. Similarly, other stu-
dies with children and adults have not found an asso-
ciation between tHcy and BMI*#. On the other hand,
Tungtrongchitr and cols.” observed higher plasma
tHcy levels in the overweight group of adults when
compared with non-overweight group, although the
case group also presented lower serum folate levels
when compared to the control group.

Apart from nutritional condition, the results of tHcy
levels in this study presented high values when com-
pared to other studies with adolescents in the same age
range. Four studies that assessed plasma tHcy levels
in adolescents found lower values than our study. De
Laet and cols.” observed a geometric mean of 9.78
umol/L in boys and 8.33 umol/L in girls, aged 15-19
years. The tHcy levels assessed by National Health
and Nutrition Examination Survey (NHANES III), ba-
sed on a sample of 295 boys and 345 girls aged 16-19
years, found geometric mean values of 8.7 umol/L for
boys and 7.2 wmol/L for girls combining race and eth-
nic groups®. In Bogalusa Heart Study?”, a geometric
mean of 6.3 umol/L (5.9-6.7 umol/L) was verified in
individuals aged 15-17 years. Bates and cols.?, found
geometric mean of 8.5 umol/L for boys and 7.8
umol/L for girls aged 15-18 years.

Another factor to be considered refers to the preva-
lence of hyperhomocysteinemia in the studied popula-
tion. Hyperhomocysteinemia (tHcy > 15 umol/L) was
detected in 18.6% (n = 16) overweight adolescents
and 19.6% (n = 30) non-overweight adolescents. A
normal plasma tHcy concentration is approximately
10 umol/L, varying from 5 to 15 wmol/L. Values abo-
ve 15 umol/L are considered to be hyperhomocystei-
nemia®. The prevalence of hyperhomocysteinemia is
estimated at 5% in general population and 13-47%
among patients with symptoms of atherosclerotic vas-
cular diseases'’. Hyperhomocysteinemia has been re-
cognized as an important independent risk factor for
cardiovascular disease® ?. McCully®, states that the
ideal plasma concentration of this aminoacid should
be below 10 umol/L. In patients with coronary artery
disease, Nygard and cols.* estimated that the morta-
lity ratio for an increase of 5 umol/L in the tHcy con-
centration was 1.6 between 10 and 15 umol/L and 2.5
between 15 and 20 umol/L. Results of meta-analysis,
concluded that a 5 umol/L tHcy increment elevates
CVD risk by as much as cholesterol increases of 20
mg/dL?.

In our study we observed differences in tHcy levels
between sexes, as these were higher in boys than in
girls, in both overweight and non-overweight groups.
This fact could be due to age > 15 years. Studies state
that in non-pubertal children the tHcy levels are simi-
lar®? and that after puberty, the levels are higher in
boys than in girls'®>2+2.3_ Men present higher tHcy
levels than women, possibly due to stoichiometric for-
mation of homocysteine in connection with
creatine/creatinine synthesis that is proportional to
muscular mass, generally bigger in men". Another hy-

pothesis perhaps is the hormonal protection in
women*. These differences were also observed when
the multiple linear regression model was applied.

Regarding age, this study demonstrated that despite
the little range of age, the plasma tHcy levels increa-
sed with age in both groups, a finding also reported by
other studies on adolescents aged over 15 years**.

We measured two cofactors involved in tHcy meta-
bolism, folate and vitamin B . Serum folate and vita-
min B , levels did not differ in overweight and non-
overweight adolescents. There was a negative
correlation between tHcy and folate in both over-
weight and non-overweight groups. There was a nega-
tive correlation of vitamin B, with tHcy just in the
non-overweight group. When the determinant factors
of tHcy levels were analyzed applying the multiple li-
near regression model, we observed a significant ne-
gative association between tHcy and folate in over-
weight and non-overweight groups. Several other
studies have demonstrated an inverse association bet-
ween tHcy and folate'® >, In children, tHcy was mo-
re closely correlated with folate and less with vitamin
B,'"*. We observed that 66.3% (n = 57) of over-
weight and 69.9% (n = 105) of non-overweight ado-
lescents, presented folate deficiency with serum va-
lues < 5.0 ng/mL. The high tHcy levels in the studied
population might have been due to the great defi-
ciency of folate we found. The increase of plasma
tHcy levels is also considered a sensitive marker of fo-
late and vitamin B, deficiency® *. Selhub and cols."
state that 2/3 of all cases of elevated tHcy levels are
attributed to low levels of these vitamins. Other aut-
hors have identified plasma tHcy concentration signi-
ficantly increased in individuals with low levels of fo-
late and vitamin B **. There is a good correlation
between serum folate and vitamin B, levels with their
food intake® since serum levels are totally dependent
on this food intake. It must be emphasized that this
population did not eat any food fortified with folate.
The supplementation with these vitamins or food for-
tification easily reduces the plasma tHcy levels®: .
Several countries have already opted for food fortifi-
cation with folate initially to reduce the risk of neural
tube defects. In the United States and Canada, such fo-
od fortification with folate started at the end of the
90’s*#2. The introduction of fortification with folate in
U.S. has reduced the prevalence of hyperhomocystei-
nemia®. In Brazil, the legislation on food fortification
with folate was recently approved but to-date has not
been thoroughly implemented*.

We found significantly higher insulin levels and in-
sulin resistance measured by HOMA-IR in over-
weight compared to non-overweight adolescents.
Overweight individuals tend towards greater insulin
resistance than non-overweight. Insulin resistance and
hyperinsulinemia have been demonstrated in obese
adolescents*> *. However, when we assessed the rela-
tion between tHcy and insulin resistance we did not
find any association, corroborating the findings of ot-
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her studies**. On the other hand, Gallistl and cols."
reported an association between tHcy and plasma in-
sulin in obese children and adolescents. However, in
that study plasma insulin was also inversely related
with plasma folate suggesting a subclinical deficiency
in obese children''.

Concluding our study, obesity did not influence the
elevated tHcy levels, which were more associated
with deficiency of folate. High tHey levels may incre-
ase the risk for future development of CVD in this po-
pulation, indicating the importance of preventive mea-
sures and educational programs regarding alimentary
habits and lifestyle. Genetic factors could also be furt-
her studied to identify other causes that may contribu-
te to elevated tHcy levels.
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