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Objective To analyze the relationship between inflammatory markers and the lipid profile, blood flow, and artery
structure in prepubertal adolescents stratified according to sports practice.
Study design The sample was composed of 120 adolescents (57 boys and 63 girls) with a mean age of
11.7 � 0.7 years (ranging from 11 to 13 years). Intima-media thickness (IMT) and blood flow were measured with
ultrasonography. The lipid profile and high-sensitivity C-reactive protein were measured after the subjects had
fasted for 12 hours overnight. Trunk fatness was measured by dual-energy x-ray absorptiometry. Organized sports
participation was analyzed as a categorical variable. Biological maturation was determined via the age at peak
height velocity.
Results In the adjustedmodel, high-sensitivity C-reactive protein was significantly related to high-density lipopro-
tein-cholesterol (b =�5.797 [�11.500 to�0.093]), femoral IMT (b = 0.062 [0.008-0.116]), and the sum of femoral and
carotid IMT (b = 1.107 [0.223-1.919]), but only in the group without sports participation. Slopes of the crude linear
regression were greater in the group without sports participation for femoral IMT (t = 2.621; P = .009) and the sum of
femoral and carotid IMT (t = 2.876; P = .004) when compared with the group with sports participation.
Conclusion Independent of body fatness and biological maturation, inflammatory statuswas related to artery IMT
and dyslipidemia in prepubertal adolescents, modulated by sport participation. (J Pediatr 2015;-:---).

H
igh-sensitivity C-reactive protein (hsCRP) is an acute-phase protein produced by the liver in response to interleukin-6,
which is directly related to vascular inflammation.1,2 During the atherosclerotic process, hsCRP is associated with
greater permeability of the intima layer through stimuli of intercellular/vascular cell adhesion molecules. hsCRP

also acts in processes related to oxidation of lipoproteins in the vascular wall.2,3 Strategies to counteract inflammation status
commonly include both pharmacologic and nonpharmacologic strategies. In the latter, lifestyle changes frequently are used,
especially improved diet, giving up smoking, and practicing physical exercise.4Q5 Indeed, physical exercise at moderate intensity
plays an anti-inflammatory role.4,5 Its prolonged practice has been linked to the control the progression of intima-media thick-
ness (IMT) in hypertensive adults6 and also in healthy adolescents.7,8

Recently, studies have reported that behavioral variables can modulate the relationship between the progression of artery
IMT and its risk factors.9,10 For instance, smoking exacerbates the relationship between age and the metabolic syndrome com-
ponents and age and carotid IMT (cIMT) in young adults.10 In contrast, the same harmful effect related to age has been
observed relating to physical inactivity.9 However, physical inactivity seems to exacerbate the relationship between cIMTQ6

and overweight, blood pressure, and dyslipidemia in adults.9

The objective of the present study was to analyze the relationship between hsCRP and the lipid profile, blood flow, and artery
IMT in prepubertal adolescents who were stratified according to their engagement in sports practice. It was hypothesized that
inflammation would be positively and strongly related to cardiovascular/metabolic outcomes in inactive youth compared with
the active ones, independent of body fatness and biological maturation.

Methods

The data presented in this study were collected from the baseline measures of a
cohort study, which is being carried out in the city of Presidente Prudente
(200 000 inhabitants; western Sao Paulo State, Brazil). This study started in the
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APHV Age at peak of height velocity

cIMT Carotid intima-media thickness

fIMT Femoral intima-media thickness

HDL-c High-density lipoprotein-cholesterol

hsCRP High-sensitivity C-reactive protein

IMT Intima-media thickness

max Bflowfemoral Maximum femoral artery blood flow
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second half of 2013 and has follow-up measures scheduled
for the second half of 2014 (August/September). Before
data collection, the minimum sample size was calculated11

based on previous data about the expected relationship be-
tween cIMT and hsCRP (r = 0.28, power of 80%, alpha of
5%, and predicted loss of 20%),7 which identified that a min-
imum of 118 participants were needed.

Seven large public and primary schools in the metropol-
itan region of the city were invited to participate in the study
and participants were recruited from the 3 schools that
agreed to participate; all schoolchildren between 11 and
14 years of age were invited to participate in the cohort (over-
all students n = 495 adolescents), and the following inclusion
criteria were adopted: (1) age between 11 and 14 years;
(2) regularly enrolled in the school unit; (3) absence of any
known diseases; (4) no regular medicine use; and (5) signa-
ture of parents/legal guardians.

Sex and chronological age were established during face-
to-face interview, and the final sample was composed of
120 adolescents of both sexes (57 boys and 63 girls) with a
mean age of 11.7 � 0.7 years (ranging from 11 to 13 years).
The study was previously approved by the Human Research
Ethics Committee (process: 322.650/2013) of the S~ao Paulo
State University (UNESP), Brazil.

Blood samples were collected in the morning after the sub-
jects had fasted for 12 hours overnight by a nurse in a private
laboratory that meets all the quality control standards adop-
ted by the Brazilian Health Ministry. The following biochem-
ical variables were measured: total cholesterol, high-density
lipoprotein-cholesterol (HDL-c), low-density lipoprotein
cholesterol and triacylglycerol, using an enzymatic colori-
metric kit processed in an Autohumalyzer (Dimension RxL
Max; Siemens Dade-Behring, Deerfield, IllinoisQ7 ). hsCRP
was determined through the turbidimetric method (LabMax
240; Chema Diagnostica, Monsano, ItalyQ8 ) using an enzyme
kit (Millipore, St. Charles, Missouri [intra- and interassay co-
efficients ranging between 4.6 and 6.0 kit%, respectively]).

A continuous score was computed using the 4 lipid
variables. Each lipid variable was standardized ([value �
mean]/SD; HDL-c z-scores were multiplied by �1). The
z-scores of the individual lipid variables were then summed
to create a cluster of lipid variables which are identified in
the present study as “dyslipidemia.”

The IMT (cIMT and femoral IMT [fIMT] arteries)
and maximum blood flow (maximum carotid artery blood
flow and maximum femoral artery blood flow [max
Bflowfemoral]) were assessed with a Doppler ultrasound exam-
ination (HD11 XE; Philips, Barueri, Brazil), equipped with a
high-resolution, multifrequency linear transducer (set to
12 MHz). Reproducibility measures were provided by
cIMT (ICCQ9 : 0.57; P = .029) and fIMT (ICC: 0.91; P = .001)
in 13.3% of the sample (n = 16 adolescents).

Measurements of the blood flow were carried out (simul-
taneously with IMT measurements) in centimeters per sec-
ond (cm/s), obtaining maximum values of systolic peaks
using an automatic method.12 The common carotid artery
and femoral artery (right side) were assessed to estimate

IMT (distance between 2 echogenic lines that show the
lumen/intima interface and media/adventitia of the arterial
wall).12,13 When testing the common carotid artery, the
neck was slightly hyperextended and inclined at an angle of
45 degrees. To assess the femoral artery, the adolescent’s leg
was stretched out on the bed and the measurement was per-
formed near the inguinal line. Each value of arterial IMT also
was standardized ([value � mean]/SD) and thus a contin-
uous score was created through the sum of both variables
(cIMT + fIMTz-score).
Body fatness was assessed using a dual-energy x-ray ab-

sorptiometry scanner (Lunar DPX-NT; General Electric
Healthcare, Little Chalfont, Buckinghamshire, United
Kingdom) with GE Medical System Lunar software (version
4.7). The scanner quality was tested by a trained researcher
before each day of measurement, following the manufac-
turer’s recommendations. Both whole body and trunk fatness
were assessed. The participants wore light clothing, without
shoes, and remained in the supine position on the machine
(approximately 15 minutes).
Organized sports participation (competitive sports activity

developed under instruction of a teacher/coach and per-
formed outside school) was evaluated during a face-to-face
interview. Sports practice was determined by asking partici-
pants the following 2 questions: (1) “Are you engaged in
any sports activity outside high school?”; and (2) if yes,
“How many days per week?” In this study, the group of sport
practice was composed of adolescents engaged in any sport
practice outside school for at least 1 day per week (in this
sample, ranging from 1-5 days/week), and the other group
was composed of adolescents who reported no sport practice.
After the face-to-face interview, the adolescent received a
pedometer (Yamax Digiwalker [model SW200]) to be used
for 7 consecutive days tomeasure free-living physical activity.
The participants wore the pedometer over the hip and were
instructed to remove the monitor when involved in swim-
ming activities, while showering, or sleeping.14 In this sam-
ple, the adolescents who engaged in sports activity were
more active than those who did not, identifying that the
questions on sports practice identified the more active ado-
lescents (the number of days devoted to sports practice was
related to mean step count, r = 0.21 [95% CI 0.02-0.37],
and there was an association between sports practice and
step count found in the guidelines14: OR 2.41 [95% CI
1.12-5.16]).
Body weight was measured using an electronic scale (Fili-

zzola PL 150; Filizzola Ltda, S~ao Paolo Q10, Brazil), and height
using a wall-mounted stadiometer (Sanny; American Medi-
cal of the Brazil Ltda). The leg length and sitting-height
also were assessed via standardized techniques. These mea-
surements were used to calculate the maturity offset, which
denotes the time (years) from/to peak of height velocity, an
important maturational event.15 Peak of height velocity is
an indicator of somatic maturity and reflects the age of
maximum growth rate in stature during adolescence (age at
peak of height velocity [APHV]). In the present cross-
sectional study, the number of years until APHV was
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predicted for each individual using a sex-specific multiple
regression equation that included height, sitting height, leg
length, chronological age, and their interactions.15 The pre-
diction of years until APHV results in a continuous measure
of biological age and biological age categories were con-
structed using 1-year intervals.

Statistical Analyses
Descriptive statistics were composed of mean and SD.
One-way ANOVA was used to compare numerical vari-
ables according to tertiles of hsCRP (Tukey post hoc test
was used when necessary). Bivariate and partial correlation
(age, sex, trunk fatness, and age at peak height velocity as
covariates) were applied to analyze the relationship be-
tween hsCRP and the dependent variables. Finally, signifi-

cant relationships were inserted into a multivariate model
( Q11crude and adjusted [simultaneously by age, sex, trunk
fatness, and somatic maturation] and the crude models
were compared using the Student t test. Statistical signifi-
cance was set at P < .05 and all statistical analyzes were
performed using the software BioEstat (version 5.0, Tef�e,
Amazonas, Brazil).

Results

The characteristics of the adolescents stratified according to
hsCRP tertiles are presented in Table I ½T1�½T1�. Maturity offset
ranged from �6.07 years to �0.86 years to APHV and
sports practice was reported by 50% (95% CI 41.1%-
58.9%) of the sample. Among the adolescents who

Table I. Characteristics of the adolescents stratified according to tertiles of hsCRP (n = 120)

Variables

hsCRP, mg/L

One-way ANOVA, P valueTertile 1 (n = 39), mean (SD) Tertile 2 (n = 41), mean (SD) Tertile 3 (n = 40), mean (SD)

M/F 19/20 22/19 21/19
General
Age, y 11.7 (0.7) 11.8 (0.8) 11.6 (0.6) .487
Body mass, kg 43.9 (7.4) 52.4 (12.1)* 56.7 (14.8)* .001
Height, m 1.53 (0.06) 1.57 (0.06)* 1.53 (0.06)† .019
TF, % 25.1 (8.1) 32.9 (11.1)* 38.3 (11.2)*,† .001
BMI, kg/m2 18.4 (2.3) 20.8 (3.7)* 23.6 (4.9)*,† .001
Maturity offset, y �2.3 (0.6) �2.2 (0.7) �2.5 (0.9) .080

Lipid profile, mg/dL
HDL-c 54.1 (12.4) 50.2 (9.2) 46.1 (10.2)* .006
LDL-c 91.1 (19.7) 97.6 (21.2) 96.8 (20.9) .313
TG 71.7 (25.9) 88.5 (43.6) 86.8 (41.2) .099
TC 159.5 (24.3) 167.1 (26.4) 160.2 (24.1) .326
DyslipidemiaZ-score �1.39 (2.1) 0.35 (2.9)* 1.03 (2.8)* .001

Thickness, mm
cIMT 0.45 (0.02) 0.46 (0.05) 0.45 (0.03) .164
fIMT 0.37 (0.06) 0.38 (0.06) 0.40 (0.09) .218
cIMT + fIMTZ-score �0.21 (1.1) 0.16 (1.7) 0.07 (1.6) .514

Blood flow, cm/s
Max Bflowcarotid 133.1 (27.9) 133.3 (30.9) 140.5 (25.7) .411
Max Bflowfemoral 136.1 (27.3) 146.1 (23.5) 155.8 (32.1)* .009

Physical activity
Steps, d 8805 (3550) 9525 (4180) 10 076 (4180) .348

BMI, body mass index; F, female; LDL-c, low-density lipoprotein cholesterol; M, male; Max Bflowcarotid, maximum blood flow in carotid artery; TC, total cholesterol; TF, trunk fatness; TG, triacyl-
glycerol.
*P < .05 compared with Tertile 1.
†P < .05 compared with Tertile 2.

Table II. Bivariate and partial correlations between inflammation and lipid profile in adolescents stratified according to
sport practice (n = 120)

Independent variable HDL-c, r (95% CI) LDL-c, r (95% CI) TG, r (95% CI) TC, r (95% CI) DyslipidemiaZ-score, r (95% CI)

hsCRPOverall Sample (n = 120) �0.32 (�0.47 to �0.15Q14 ) 0.07 (�0.11 to 0.24) 0.10 (�0.08 to 0.27) �0.06 (�0.23 to 0.12) 0.29 (0.12-0.45)
hsCRPOverall Sample (n = 120)* �0.21 (�0.37 to �0.03) �0.05 (�0.22 to 0.13) �0.08 (�0.25 to 0.09) �0.15 (�0.32 to 0.02) 0.03 (�0.14 to 0.21)
hsCRPSport Practice-No (n = 60) �0.34 (�0.54 to �0.09) 0.15 (�0.10 to 0.39) 0.18 (�0.07 to 0.41) 0.04 (�0.21 to 0.29) 0.39 (0.15-0.58)
hsCRPSport Practice-No (n = 60)* �0.26 (�0.48 to �0.02) 0.04 (�0.21 to 0.29) �0.05 (�0.30 to 0.20) �0.09 (�0.16 to 0.33) 0.13 (�0.12 to 0.37)
hsCRPSport Practice-Yes (n = 60) �0.31 (�0.52 to �0.05) 0.03 (�0.22 to 0.28) 0.14 (�0.11 to 0.38) �0.11 (�0.35 to 0.15) 0.26 (0.01-0.48)
hsCRPSport Practice-Yes (n = 60)* �0.15 (�0.39 to 0.10) �0.09 (�0.33 to 0.16) �0.01 (�0.25 to 0.25) �0.17 (�0.40 to 0.08) 0.02 (�0.23 to 0.27)
hsCRPBoys (n = 62) �0.33 (�0.53 to �0.08) 0.08 (�0.17 to 0.32) 0.03 (�0.21 to 0.28) �0.06 (�0.30 to 0.19) 0.28 (0.03-0.49)
hsCRPBoys (n = 62)

† �0.14 (�0.38 to 0.10) �0.11 (�0.35 to 0.14) �0.18 (�0.41 to 0.06) �0.21 (�0.43 to 0.04) �0.07 (�0.31 to 0.18)
hsCRPGirls (n = 58) �0.32 (�0.53 to �0.07) 0.05 (�0.20 to 0.31) 0.19 (�0.06 to 0.43) �0.05 (�0.31 to 0.20) 0.31 (0.06-0.53)
hsCRPGirls (n = 58)

† �0.21 (�0.45 to 0.04) �0.01 (�0.26 to 0.25) �0.02 (�0.28 to 0.23) �0.11 (�0.36 to 0.14) 0.08 (�0.18 to 0.33)

*Controlled by age, sex, TF and somatic maturation.
†Controlled by age, TF, and somatic maturation.
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engaged in organized sports participation, the number of
steps/day was marginally related to HDL-c (r = 0.24
[�0.01 to 0.46]).

Adolescents with grater hsCRP had increased values of
body mass (P = .001), body mass index (P = .001), trunk
fatness (P = .001), dyslipidemia score (P = .001), and blood
flow (P = .009). In contrast, lower values of HDL-c also
were observed in the same group (Table I). In the overall
sample, hsCRP was significantly related to HDL-c and
dyslipidemia; however, after we controlled for confounder
the relationship with HDL-c still significant only in the
sedentary group (Table II½T2�½T2� ). Boys and girls had similar
relationships.

In the entire sample, only max Bflowfemoral was related to
hsCRP. In the sedentary group, fIMT and cIMT + fIMTZ-score

were related to hsCRP (adjusted model). Max Bflow
femoral

was
still related to the hsCRP in the group that was engaged in
sports participation (Table III½T3�½T3� ). In all adjusted models,
boys and girls had nonsignificant relationships.

Slopes of the crude linear regression were greater in the
group that was not engaged in sports participation for
fIMT and cIMT + fIMTZ-score compared with the group
that was engaged in sports participation, but similar to
HDL-c (Table IV½T4�½T4� ). There was no difference between boys
and girls. The adjusted linear regression model revealed
that inflammation was still significantly related to HDL-c
(b = �5.797 [�11.500 to �0.093]), fIMT (b = 0.062
[0.008-0.116]) and cIMT + fIMTZ-score (b = 1.107 [0.223-

1.919]) in the group which was not engaged in sports
participation.

Discussion

In these adolescents, inflammatory markers and trunk fatness
were significantly related. This finding is particularly inter-
esting because this relationship occurred before the growth
spurt.16 This finding is potentially concerning because the
natural increase of adipose tissue observed throughout matu-
rational events16 might exacerbate the harmful relationship
between body fatness and inflammation already present dur-
ing adolescence.17,18 Inflammation is commonly related to
increased body fatness.1,3 Once in the bloodstream, hsCRP
alters the genetic expression of the endothelial nitric oxide
synthase and increases both the permeability of the vascular
wall to low-density lipoprotein cholesterol and the activity
of the plasminogen-activator inhibitor-1.3,19 These relation-
ships may explain the association between inflammation
and cardiovascular risk markers observed in the sedentary
group.7,19

The relationship between inflammation and HDL-c was
similar to previous research.7,19 This lipoprotein is found
to be inversely related to inflammatory markers.19 However,
the absence of a relationship between these variables in the
sports participation group was not predicted. In the entire
sample, sports practice was not related to either hsCRP or
HDL-c. Therefore, the effect of physical exercise on other

Table III. Bivariate and partial correlation between inflammation, IMT, and blood flow among adolescents stratified
according to sport practice (n = 120)

Independent variable cIMT, r (95% CI) Max Bflowcarotid, r (95% CI) fIMT, r (95% CI)
Max Bflowfemoral,

r (95% CI)
cIMT + fIMTZ-Score,

r (95% CI)

hsCRPOverall Sample (n = 120) �0.06 (�0.24 to 0.11) 0.08 (�0.09 to 0.25) 0.17 (�0.01 to 0.34) 0.33 (0.15-0.47) 0.07 (�0.11 to 0.24)
hsCRPOverall Sample (n = 120)* �0.11 (�0.64 to 0.29) 0.03 (�0.14 to 0.21) 0.10 (�0.07 to 0.28) 0.19 (0.01-0.35) �0.01 (�0.18 to 0.17)
hsCRPSport Practice-No (n = 60) 0.15 (�0.10 to 0.39) �0.06 (�0.31 to 0.19) 0.36 (0.12-0.56) 0.14 (�0.11 to 0.38) 0.37 (0.12-0.56)
hsCRPSport Practice-No (n = 60)* 0.18 (�0.08 to 0.41) 0.02 (�0.23 to 0.27) 0.30 (0.05-0.51) 0.04 (�0.21 to 0.29) 0.33 (0.07-0.53)
hsCRPSport Practice-Yes (n = 60) �0.17 (�0.41 to 0.08) 0.24 (�0.01 to 0.471) �0.01 (�0.26 to 0.24) 0.41 (0.17-0.60) �0.14 (�0.38 to 0.11)
hsCRPSport Practice-Yes (n= 60)* �0.24 (�0.47 to 0.01) 0.10 (�0.15 to 0.34) �0.01 (�0.26 to 0.23) 0.29 (0.04-0.51) �0.19 (�0.42 to 0.06)
hsCRPBoys (n = 62) �0.04 (�0.28 to 0.21) 0.20 (�0.04 to 0.43) 0.03 (�0.21 to 0.28) 0.41 (0.18-0.60) �0.01 (�0.26 to 0.23)
hsCRPBoys (n = 62)

† �0.14 (�0.38 to 0.10) 0.11 (�0.14 to 0.34) �0.10 (�0.15 to 0.34) 0.14 (�0.10 to 0.38) �0.16 (�0.40 to 0.08)
hsCRPGirls (n = 58) �0.11 (�0.36 to 0.14) �0.02 (�0.28 to 0.23) 0.25 (0.01-0.48) 0.24 (�0.01 to 0.47) 0.14 (�0.11 to 0.38)
hsCRPGirls (n = 58)

† �0.09 (�0.34 to 16) �0.09 (�0.34 to 0.17) 0.20 (�0.05 to 0.44) 0.19 (�0.07 to 0.42) 0.11 (�0.15 to 0.36)

*Controlled by age, sex, TF, and somatic maturation.
†Controlled by age, TF, and somatic maturation.

Table IV. Slopes of the linear regression (crude) according to engagement in sport participation

Variables (X-axis and Y-axis)
Without sport practice(n = 60),

bcrude ± SE
With sport practice(n = 60),

bcrude ± SE t P value

Boys(n = 62) vs girls(n =

58)

t P value

hsCRP and HDL-c �6.610 � 2.382 mg/dL �6.380 � 2.598 mg/dL �0.065 .948 �0.0297 .976
SlopeP-value = .007 SlopeP-value = .017

hsCRP and fIMT 0.066 � 0.022 mm �0.001 � 0.013 mm 2.621 .009 �1.445 .150
SlopeP-value = .004 SlopeP-value = .948

hsCRP and cIMT + fIMTZ-Score 1.062 � 0.355 z-score �0.378 � 0.353 z-score 2.876 .004 �0.816 .416
SlopeP-value = .004 SlopeP-value = .289
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variables related to inflammation and lipid profile should be
considered to explain these findings.

Eating behaviors have been suggested as important con-
founders in the relationship between inflammation and the
lipid profile.20,21 Consumption of some foods seems to con-
trol oxidative stress through DNA methylation,22 and some
dietary patterns affect proinflammatory markers in pediatric
populations.21 Therefore, the absence of an association in the
active group could be mediated partially by the association
between sport practice and better eating behaviors in adoles-
cents.21,23

In the present study, the relationship between inflamma-
tion and HDL-c could also explain the findings related to
vascular structure in the active group. Physical activity of
the group engaged in sports was marginally related to
HDL-c, which modulates the phosphorylation of the endo-
thelial nitric oxide synthase and would protect the artery
wall through lower blood pressure.24 However, this pathway
does not totally explain our findings, because hsCRP and
cIMT + fIMTZ-Score were still related after additional adjust-
ments for blood pressure (r = 0.29 [0.04-0.50]). Thus, it is
necessary to consider the anti-inflammatory effect of sport
practice in adolescents.25

Another potential explanation would be the protective ef-
fect of exercise on vascular structure. Physical activity has
been related to decreased progression of arterial IMT during
adolescence, independent of inflammation.8 Recent data
have shown that xxxQ12 results in greater nitric oxide release
because of wall shear stress and stimulates arteriogenesis
and endothelial repair.26 This protective effect of exercise
on vascular structure may be boosted by maturational events,
because it seems to be maintained into later life independent
of patterns of physical activity in adulthood.18 Finally, the
relationship observed only in the femoral artery could be
attributed to the fact that this artery has increased oscillation
in wall shear rates than other arteries,27 which increases the
propensity to atherosclerotic events in this artery bed.27,28

The relationship between blood flow and markers of
inflammation in the active group was not expected. However,
several studies have shown that exercise does not always re-
sults in favorable improvements in plasma levels of hsCRP.29

The alterations in inflammatory markers also may depend on
genotype. The relationship between blood flow and markers
of inflammation could not be explained by changes in plasma
levels of these particular markers. Future studies are needed
to better understand this relationship.

Limitations should be recognized. The cross-sectional
design of the baseline measures should be taken into account.
Second, insulin resistance was not measured. Insulin resis-
tance is a mediator during the vascular inflammatory
response and could be helpful to understand the pathways
underlying our findings. Even with sample size estimation
for the overall sample, the small size sample when stratified
according to sport practice should be emphasized. Sex differ-
ences were observed in the non-adjusted models, suggesting
the existence of a sex-dependent effect on these relationships.
Future studies should be planned separately for both boys

and girls. Finally, more detail about the sports practice (eg,
sport modality, intensity characteristics, and previous time
of engagement) would be useful in futures studies. From a
health education perspective, our findings emphasize the
importance of early physical activity promotion, targeting
healthy growth and prevention of diseases in adulthood. n
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