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INTRODUCTION

ABSTRACT

Obijectives: The goal of this research was to document the changes in adolescents' heights
over a three-year period and look into how these changes related to age, gender, sexual
maturation, and nutritional markers. Methods: Age, gender, height, body weight, body mass
index, sexual maturity as measured by the Tanner scale, menarche date, birth weight and
height, childhood obesity, length of nursing, family income, and mother education level were
all evaluated. Logistic regressions, percentile analyses, and two-way analyses of variance,
often known as the Friedman test, were used for statistical analysis. Results: 557 teenagers
between the ages of 10 and 15 made up the sample; 54% of them were female. At the first,
second, and third year follow-up assessments, the average heights were 152.02 + 9.26 cm,
156.75 £ 8.61 cm, and 160.13 + 8.14 cm, respectively. For girls and boys, the average height
growth from baseline to the conclusion of the research was 6.74 c¢cm and 9.73 cm,
respectively. Ten-year-old underweight prepubescent boys had a greater mean growth
velocity (GV) (5.4 cm/year). Lower GVs were linked to body weight (OR 1.05; 1.03-1.07),
age (older adolescents; OR 2.43; 1.84-3.21), and gender (girls: odds ratio [OR] = 5.97; 95%
confidence intervals [CI] = 3.36-10.59). Conclusions: Adolescent diagnoses were more
accurate when development was evaluated according to sexual maturation stage rather than
age. Growth was restricted by being female, overweight, and older. Brazilian teenagers
attending public schools showed progress that was equivalent to global standards.

Keywords: Percentiles, Body Height, Adolescents, Sexual Maturation, Longitudinal Study.

gather more accurate, continuous, and supported

All of the physical changes connected to the
transition from childhood to adulthood take place
during puberty, a comparatively brief stage of
adolescence that lasts between two and four years. The
most common feature of puberty is its variability.
Growth and development are genetically planned from
conception to complete maturity, but this process may
be altered by variables that are specific to each person
(constitutional or intrinsic) or determined by external
conditions.  Therefore,  parameters based on
physiological maturity are required to measure pubertal
development, since age is not a reliable indication of
teenage growth. Adolescence is a time of intense
skeletal development, sometimes known as the
"adolescent growth spurt." Overcoming this obstacle
will result in a greater comprehension of the beneficial
changes that occur during this phase of life, the
identification of the so-called normative elements that
are essential for development, and the potential to

information, all of which will set the stage for a healthy
adolescence4. Longitudinal studies are sometimes used
to provide a more detailed explanation of development
in order to better comprehend this phenomena. Few
long-term studies have evaluated adolescents' growth
velocity (GV) in Brazil. Therefore, throughout a three-
year period, the current research aimed to examine the
relationships between GV and age, sexual maturation,
and nutritional markers among teenagers from S&o
Paulo.

MATERIALS AND METHODS
Participants and sampling methods

The  population-based  research  "The
Progression of Adolescent Height and its Relationship
with Nutritional Indicators: A Longitudinal Study"
includes the evaluated teenagers. The State Education
Secretary of So Paulo requested that the participants be
situated close to an adolescent care center in order to
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reduce transportation issues when the professional team
requested specific care, so the sample was non-
probabilistic,  deliberate, and chosen through
convenience sampling. From 2010 to 2013, three public
schools participated in the sample collection, with
permission from their directors. The participants were
between the ages of 10 and 15, did not participate in
weight-loss programs, had no mental or chronic
illnesses, did not take any medications that may affect
body composition, and were neither pregnant nor
nursing. For the current longitudinal research, 837
teenagers in grades 4 through 8 who had their parents or
guardians sign an informed consent form were chosen.
280 participants' data were not examined as they were
absent, often as a result of the pupils transferring to a
different school. As a result, 557 teenagers (54%
female) who supplied three years of full data made up
the final sample.

Adolescent sample selection

As a comparison group, data from a sample of
teenagers who had the same project coordinators6—8
and who satisfied the inclusion criteria of earlier
research carried out in S8 Paulo were used. These
teenagers' average height was 156.64 cm (standard
deviation [SD] = 9.68). With a statistical error of
around 2.0%, the sample size was determined to be n =
5419. The Federal University of S8o Paulo Review
Board, procedure 0803/09, authorised the current
research.

Data Collection

Anthropometric measurements were taken at
12-month intervals throughout the first and second
semesters between 2010 and 2013. The evaluations
were coordinated by a professor and two graduate
students, who also trained and oversaw the personnel
who gathered the data. Over the course of the
investigation, three time points were used for the
measurements. To prevent memory bias and guarantee
that the examiners would be blind to previous
assessments, the data were recorded on different forms.

A Seca portable digital scale with a 150 kg
capacity was used to measure body mass (kg).
According to Jelliffe 11, the measurement was
recorded. According to Jelliffell, height (m) was
measured using a Seca wall-mounted stadiometer that
was fastened to a wall without a baseboard and
perpendicular to the ground. Body mass index (BMI;
kg/m2) was calculated using the participants' weights
and heights. The results were interpreted using the
World Health Organization's (WHO) criteria, which
state that a z-score < -2 = underweight; -2 < z-score <
+1 = normal weight; +1 < z-score < +2 = overweight;
and +2 > z-score = obese [12].

Using the Tanner scale, the girls' (B1-B5) and
boys' (G1-Gb) self-evaluations of their genital and
breast development were used to determine the sexual

maturation stage [13]. Individuals who self-reported
stages B1 and G1 were categorised as prepubescent,
those who self-reported stages B2-B4 and G2-G4 as
pubescent, and those who self-reported stages B5 and
G5 as postpubescent [14].

In order to determine the amount of time that
had passed since menarche, the girls reported whether
or not they had experienced menarche. If they had, they
also reported the relevant date (recall method) [15, 16].
Weight and length at birth, childhood obesity, length of
nursing, full-term delivery (yes or no), family income,
and mother education level were all taken into account.

Statistical analyses

The quantitative variables' absolute (n) and
relative (%) frequencies, means, SDs, minimums,
maximums, medians, and quartiles were all calculated
using descriptive statistics. Fisher's exact test or chi-
square were used to compare categorical variables
across groups. The Mann-Whitney test was used for
comparisons between groups, and the Kruskal-Wallis
test was used for comparisons between three or more
groups. The McNemar, Bowker, Friedman, and
Wilcoxon tests were used to compare the outcomes of
the three evaluations17. GV (cm/year) was calculated as
follows: Prior to calculating the owerall velocity, the
GVs between the three assessment pairings (first to
second and second to third) were determined. The
height disparities between the assessments were
computed and then divided by the number of years
between the tests. A univariate logistic regression was
used to conduct a basic study of the GV in relation to
the independent variables (reference group: "lower
GV"). The odds ratio (OR) and associated 95%
confidence intervals (Cls) with greater and lower GVs
as outcomes were estimated using a binary regression
analysis. The variables linked to p<0.20 on the adjusted
analysis were included in the final model. The final
model [18] was constructed using the stepwise process.
Higher GV was defined as > 2.18 cm/year, while lower
GV was defined as < 2.18 cm/year (1st quartile or 25th
percentile). A repeated-measures analysis of variance
(ANOVA) and Tukey's test were used to compare the
groups. The data distribution was not normal, thus the
variables were converted into rankings for analysis.
Percentiles (3rd to 97th) [6] were used to represent the
distribution of changes per assessment time-point,
gender, and Tanner's stage. SAS (version 9.3) was used
to conduct the analysis. 5% was used as the significant
threshold [17, 19].

RESULTS

At baseline, the participants were 10 to 15
years old, and their anthropometric data (i.e., height,
weight, and BMI) were assessed based on gender, age,
and sexual maturation.

The results shown in Table 1 demonstrate that
most adolescents from both genders were 12 years old
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and at stages G2 and B2 at the first assessment, 13 years
old and at G2 and B4 at the second assessment, and 14

years old and at G3 and B4 at the third assessment.

Table 1: The percentage of adolescents by age and sexual maturation stage throughout the study

Age (years) 15t assess-ment | 2Nd assess-ment | 37d assess-ment
10 9.87% - -

11 25.49% 7.72% 12%

12 31.96% 27.65% 14.18%

13 23.70% 30.16% 25.31%

14 7.36% 24.78% 33.03%

15 1.62% 8.62% 20.11%

16 - 1.08% 5.39%

17 - - 1.26%

Sexual maturation | 1St gssess-ment | 2Nd assess-ment | 379 assess-ment
Gl 20.31% 5.47% 1.17%

G2 49.61% 37.11% 20.31%

G3 22.26% 32.03% 37.11%

G4 6.64% 23.05% 34.37%

G5 1.17% 2.34% 7.03%

Bl 7.31% 1.66% .33%

B2 31.23% 17.61% 8.64%

B3 30.90% 27.24% 23.25%

B4 20.60% 34.55% 40.53%

B5 9.97% 18.94% 27.24%

Table 2 describes the sample characterization with regard to height, birth weight, family income, the
education level of the mother or guardian, breastfeeding duration, and childhood obesity.

Table 2: Characterization of adolescents from S&o Paulo, including maternal and socioeconomic variables

Variable Mean (SD) or N (%) | *p-value
Birth weight (kg) 3.220(574.0)
Birth length (cm) 47.15 (3.59)

Family income (BRL) 2,049 (1,860)

Maternal education (finished secondary school) | 76 (35.2)

Gender

Boys 95 (57.2) .051
Girls 71 (42.8)

Breastfeeding

No 18 (10.9) 408
Yes 147 (89.1)

Breastfeeding duration

< 6 months 51 (35.0) .355
> 6 months 96 (65.0)

Preterm

No 139 (84.1) A41
Yes 26 (15.9)

Childhood obesity

No 149 (90.0) 307
Yes 17 (10.0)

* chi-square or Fisher’s exact test (p < 0.05).

The mean height (cm), weight and BMI of the girls at the beginning and end of the study were 152.23
(7.94) vs. 158.97 (6.10) cm; 47.25 (11.85) vs. 54.58 (11.88) kg; and 20.28 (4.37) vs. 21.56 (4.39), respectively; the
corresponding values for boys were 151.77 (10.6) vs. 161.5 (9.86) cm; 45.80 (13.47) vs. 54.35 (14.05) kg; and
19.53 (4.03) vs. 20.75 (4.20), respectively.

Table 3: Adolescent mean height by age, gender, and assessment time-point
| Assessment 1 | Assessment 2 | Assessment 3 |

| Age (years)
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Boys

10 141.90 (n = 56) 142.95 (n=6)

11 142.50 (n = 52) 148.60* (n = 49) 147.10 (n = 14)
12 151.90 (n = 89) 153.55 (n = 54) 155.00 (n = 52)
13 161.95 (n = 46) 151.50* (n = 81) 160.00 (n = 66)
>14 166.50 (n = 13) 167.50 (n = 23) 167.30 (n = 123)
Girls

10 145.00 (n = 58) 146.90 (n = 3)

11 150.50 (n = 89) 152.60 (n = 54) 154.30 (n=7)
12 154.50 (n = 99) 154.40 (n = 90) 156.50 (n = 69)
13 157.90 (n = 45) 156.70 (n = 90) 159.50 (n = 86)
>14 161.85 (n = 10) 160.40 (n = 64) 160.00 (n = 139)
p < 0.05 * difference between 15t and 2"d assessment; # difference between 2Nd and 3" assessment.

Table 4 describes the mean height percentiles obtained at the three assessments by gender, age, and sexual
maturation.

Table 4: Mean height (cm) of adolescents from S&o Paulo for the three assessments by age, gender, and sexual
maturation stage

Variables [ M (SD)[3% [5% |10% | 15% | 25% | 50% | 75% | 85% | 90% | 95% | 97%
Gender
Boys 156.9 139.4 | 141.1 ] 143.3 | 145.0 | 149.3 | 156.2 | 164.7 | 168.2 | 170.6 | 174.1 | 176.4
Girls 151.0 1415 | 1437 | 147.0 | 149.1 | 151.7 | 156.1 | 159.9 | 162.6 | 164.0 | 166.7 | 167.9
Age Boys

10 years old 142.3 132.6 | 133.2 | 134.0 | 134.8 | 136.0 | 1424 | 146.8 | 148.6 | 155.6 | 164.6 | 168.0
11 years old 148.2 135.1 | 135.9 | 139.1 | 140.4 | 142.7 | 147-4 | 1525 | 1575 | 159.8 | 163.7 | 167.5
12 years old 1535 139.8 | 140.8 | 143.7 | 1453 | 147.2 | 1535 | 158.8 | 161.8 | 164.8 | 177.5 | 170.1
13 years old 160.2 144.3 | 145.6 | 148.4 | 150.9 | 153.4 | 160.2 | 165.8 | 168.7 | 170.6 | 174.4 | 175.8
14 years old 165.4 148.4 | 149.9 | 152.6 | 157.0 | 161.0 | 165.6 | 169.9 | 1735 | 177.3 | 181.1 | 182.7
>15years old | 170.2 159.0 | 160.2 | 162.7 | 164.7 | 167.2 | 170.0 | 173.8 | 1759 | 1789 | 180.9 | 1829
Age Girls
10 years old 146.4 135.6 | 1369 | 138 | 138.3 | 139.8 | 145.9 | 150.0 | 151.7 | 155.0 | 156-7 | 158.3
11 years old 1515 138.0 | 139.9 | 142.2 | 143.8 | 145.8 | 152.5 | 157.0 | 158.8 | 159.5 | 161.3 | 162.4
12 years old 155.3 141.8 | 143.8 | 146.9 | 148.9 | 150.9 | 155.6 | 159.9 | 162.0 | 163.3 | 166.1 | 167.1
13 years old 158.2 149.1 | 153.2 | 151.5 | 153.0 | 154.8 | 158.0 | 161.1 | 164.0 | 165.4 | 168.2 | 169.4
14 years old 160.3 150.9 | 151.9 | 153.1 | 154.1 | 155.7 | 160.2 | 163.9 | 167.0 | 168.1 | 170.7 | 1718
>15years old | 162.5 155.0 | 155,5 | 156.0 | 156.6 | 159.9 | 163.3 | 165.3 | 168.5 | 1679 | 173.5 | 175.0

Tanner Boys

Gl 147.1 136.1 | 136.4 | 136.8 | 140.6 | 140.9 | 146.2 | 152.7 | 154.5 | 158.7 | 160.1 | 160.1
G2-G4 157.6 140.4 | 141.8 | 144.0 | 1459 | 149.9 | 157.2 | 165.4 | 168.6 | 171.2 | 1743 | 176.4
G5 162.2 148.7 | 148.9 | 150.0 | 151.2 | 158.1 | 163.8 | 166.7 | 168.3 | 172.1 | 172.2 | 172.2
Tanner Girls

B1 143.1 134.1| 134.2 | 135.2 | 135.7 | 139.6 | 142.6 | 147.8 | 149.9 | 150.7 | 150.8 | 151.1
B2-B4 155.5 1417 | 143.3 | 146.8 | 149.0 | 151.4 | 156.0 | 158.4 | 162.1 | 163.6 | 166.6 | 168.0
B5 158.8 145.8 | 149.7 | 151.6 | 1529 | 1549 | 158.6 | 163.3 | 165.0 | 166.1 | 167.2 | 167.8

Approximately 61.4% of the girls had undergone menarche by the beginning of the study, and 89.4% had
done so by the end of the study.

No nutritional deviation with regard to participants’ height was detected at any point throughout the study,
and more than 98% of the participants exhibited a normal height. The mean GVs measured at the first, second, and third
assessments were 4.71 (3.54) cm, 4.32 (3.86) cm, and 4.53 (2.87) cm, respectively. The mean growth figures
corresponding to the 1% quartile at the first, second, and third year were 1.97, 1.36, and 2.18 c¢m, respectively, and those
corresponding to the 3™ quartile were 6.74, 6.49, and 6.37 cm, respectively.

Table 5: A comparative analysis between GV and gender, age, nutritional status, sexual maturation, and
menarche
| Variables |n | Mean | SD | Mini- | 1Q | Median | 3Q | Maximum | p-value |

Isa de Padua Cintra et al, A Longitudinal Study of Brazilian Adolescents' Growth. Glob. J. Med. Pharm. Sci.1(4).31-39,
2023
34



[ ] [ [mum [ | [ |
Gender
Boys 256 | 5.47 284 | 011 | 343 | 548 751 | 21.24 <
Girls 301 | 372 265|000 | 162|327 539 | 15.24 0001
Age (years)
101 55 | 575 227|082 | 462 | 568 6.74 | 12.92
112 142 | 553 284 | 044 | 353|539 6.99 | 21.24
123 178 | 4.82 293 | 0.00 | 248 | 4.39 6.89 | 15.16 <
.0001%
134 132 | 3.30dgi | 246 | 015 | 1.35 | 2.89 521 | 12.40
>145 50 | 94g€ehj | 211 | 000 | 1.04 | 185 3.29 | 8.80
IMC
Underweight! 15 | 574 266 | 1.82 | 415|584 6.89 | 11.17
Normal weight?2 | 346 | 4.72 286 | 0.00 | 258 | 451 6.66 | 21.24
Overweight3 131 | 4.10C 301|011 | 142 | 366 6.16 | 14.08 0169
Obese4 65 | 4.10d 255|000 |218 | 382 579 | 15.16
Sexual maturation (boys)
c1l 52 | 5.87 238|098 | 430|569 7.74 | 1141
G2-G42 201 | 542 293 | 011 | 346 | 545 750 | 21.24 034$
G53 3 1.99¢f [ 124 | 1.00 | 1.00 | 1.60 338 | 338
Sexual maturation (girls)
B1l 22 | gogbc | 278 | 200 | 438 | 6.07 7.14 | 15.24
B2_B42 249 | 364 247 | 0.00 | 162 | 3.27 519 | 12.92 <
.0001%
B53 30 | 267 306 | 0.00 | 104 | 174 3.28 | 15.16
Menarche
No 110 | 5.03 232 | 070 | 345 | 4.87 6.36 | 15.24 <
Yes 175 | 2.72 242 | 0.00 | 108 | 191 3.82 | 15.16 0001
Abbreviations: SD: Standard deviation; 1Q: 1t quartile; 3Q: 3'd quartile
* Mann-Whitney test (p < 0.05)
$ Two-way ANOVA (p < 0.05)
a Multiple comparisons using Tukey test
b for comparison between 1 and 2
C for comparison between 1 and 3
d for comparison between 1 and 4
€ for comparison between 1 and 5
f for comparison between 2 and 3
9 for comparison between 2 and 4
h for comparison between 2 and 5
I for comparison between 3 and 4
J for comparison between 3 and 5
Tables 6 and 7 display the results of the significantly associated with a lower GV. The

univariate and multivariate logistic regressions
investigating the relationship of the factors associated
with a lower GV. All of the variables analyzed in the
model were significantly associated with a lower GV.

The results of the multivariate analysis (Table
7) using the stepwise method for variable selection
showed that age, gender, and body weight were

adolescents at the highest risk for lower GV were
females (6 times higher) who were older (2.4 times
higher for each additional year) and heavier.

Table 6: The results of the univariate regression
analysis for lower GV: OR and 95% Cls

Variable OR 95% Cls | p-value

Gender < 0.0001
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Boys 1
Girls 3.50 2.27-2.98
Age (continuous) 2.42 1.96-2.98 <0.0001
Age (years) < 0.0001
10 1
11 1.75 0.48-6.38
12 5.02 1.49-16.95
13 12.38 | 3.68-41.69
>14 2206 | 6.07-80.20
Sexual maturity <0.0001
Prepubescent 1
Pubescent 8.03 2.48-25.97
Postpubescent 47.31 12.11-

184.86
BMI (WHO) 0.043
Underweight 1
Normal weight 3.68 0.48-28.44
Overweight 8.37 1.07-65.60
Obesity 4.96 0.61-40.60
Weight 1.07 1.05-1.09 <0.0001

*OR: odds ratio for lowest growth rate: (n = 139 with
lowest rate and n = 418 with highest rate; 95% Cls: 95%
confidence intervals corresponding to the OR.

Table 7: The results of the multivariate logistic re-
gression analysis for lowest growth rate

Variable OR 95% Cls | p-value
Gender < 0.0001
Boys 1
Girls 5.97 3.36-

10.59
Age (continuous) 243 1.84-3.21 | <0.0001
Weight 1.05 1.03-1.07 | <0.0001

*OR: odds ratio for the lowest growth rate: (n = 139 with
lowest rate and n = 418 with highest rate; 95% Cls: 95%
confidence interval corresponding to the OR.

DISCUSSION

In emerging nations like Brazil 20, the
stabilisation of height that started in the second part of
the 20th century in industrialised nations happened
later. Brazilian teenagers' heights roughly matched
inter-national reference values between the 1970s and
the start of the 21st century, although in recent decades,
there have been lower gains in height at the conclusion
of adolescence and the start of adulthood. As a result,
although the Brazilian population's overall height grew
between 1974 and 2002, the growth in height between
the ages of 10 and 19 slowed down gradually. Less than
2% of teenagers have a height disadvantage. 84.24% of
the adolescents were born full-term; 80.09% had been
breastfed for more than six months; 45.78% of the
mothers or guardians had attended secondary school
without graduating; and their mean birth weight and
length were 3.22 kg and 38.89 cm, respectively,
according to a questionnaire given over the phone to the
relatives of about 30% of the adolescents. These
elements help to improve children's nutritional
condition [22, 23].

Boys aged 11 and 13 showed a substantial
variation in height between the first and second
evaluations, as Table 3 illustrates. Before the second
examination, several of the boys who were ten years old
at the time of the first assessment had grown. However,
compared to the first evaluation, the number of boys
rose and the median height dropped at age 13. As seen
by the decline in mean height at that age, these results
most likely indicate that many of the boys who were 13
years old at the second evaluation were shorter because
they were prepubescent. The third assessment's mean
height was close to baseline. According to the 2008—
2009 Household Budget Survey (HBS), males aged 10,
11, 12, 13, and > 14 had heights of 139.9, 143.6, 151,
157.5, and 164.1 cm, while girls of the same age had
heights of 140.4, 147.5, 153, 157, and 159.1 cm. A
comparison of the two datasets revealed that the
participants in this research were taller, particularly the
girls aged 10 to 12 and the males aged 10 to 13.
Crucially, the current research only evaluated students
from urban regions, while the HBS evaluated students
from both urban and rural areas [24].

When females were between the ages of 10
and 12, their median height was greater than that of
boys; at age 13, it became comparable; and at age 14, it
began to decline. Bergmann et al., [25] discovered
somewhat different outcomes because At ages 10 and
11, females were taller than boys; at age 12, they were
comparable; and at ages 13 and 14, they were shorter.
However, between the ages of 13 and 14, a significant
gender difference was discovered. According to
Machado et al., [26], girls outgrew boys at ages 10, 12,
and 13, while boys outgrew girls at ages 11 and 14. In
contrast, Silva et al., [27] discovered that girls' growth
peaked between the ages of 10 and 12, while boys'
growth peaked between the ages of 13 and 16. The
findings in relation to the mean height and height
percentiles are shown in Table 4. The females were
taller than the boys below the 50th percentile. The
difference between the boys and girls in the 97th
percentile was 8.5 c¢cm, and this trend inverted at the
50th percentile. At age 13, there was a gender shift that
favoured males in terms of both mean height and the
50th percentile for height. The adolescents aged 10 to
15 had mean heights of 155.7 cm for females and
156.63 cm for boys. According to Silva et al., [27],
boys' mean height was 155.82 cm and girls' was 154.03
cm. For both genders, these values are around 1 cm
lower than those found in the current research. Boys
were taller than girls in prepubescent, pubescent, and
postpubescent phases, according to the evaluation of
mean height based on sexual maturation stage. With the
exception of teenage females who fell below the 50th
percentile, this pattern was also seen in the height
percentiles. The mean height disparities between the
prepubescent and pubescent males and the girls were
10.5 cm and 12.4 cm, respectively; the differences
between the pubescent and postpubescent boys and the
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girls were 4.6 cm and 3.3 cm, respectively. However,
Table 1 indicates that in the third evaluation, the
majority of boys (58.59%) had a sexual maturation
stage that ranged from G1 to G3. These results suggest
that a large number of males may not have experienced
their teenage growth spurt. On the other hand, during
the third assessment, the majority of the females
(67.77%) reported that their sexual maturation stage
was either B4 or B5. A substantial difference was found
when the height percentiles for each age group were
compared to those for each stage of sexual maturity.
However, since the pubescent stage comprises stages
G2 to G4 and B2 to B4 (corresponding to the largest
proportion of adolescents included in the current study),
we think that the height percentiles per sexual
maturation stage provide a more accurate picture of the
actual status of adolescents because individuals of the
same age may differ significantly in their physiological
development. Age is thus a poor predictor of maturation
stage28. Beunen et al., [29] state that as biological
maturation is closely linked to growth, the application
of oneor more maturation indicators is recommended
when establishing growth standards for pre-adolescents
and adolescents.

Although secondary sex characteristics are
primarily evaluated using clinical observation, youth
self-assessments have been widely employed in large
studies or lo-cations where doctors are unavailable. The
reliability of this method is generally satisfactory, with
approximately 80% concordance with regard to stage
assessment. Nevertheless, some studies have found poor
concordance (as low as 40%) [30].

When an assessment is made using sexual
maturation, similarity with regard to the adolescents’
biological maturation is proposed. Therefore, we might
consider that the median height for a given 12 year-old-
boy is 153.5 cm based on the results of the present
study. However, if that same boy is prepubescent, then
the 50" percentile for height is 146.2 cm (i.e., a
difference of 7.3 cm). Thus, a growth assessment
based on sexual maturity creates better data for
examiners to establish whether youths have already
undergone the growth spurt and therefore make a more
accurate diagnosis.

GV is an important parameter, and it should be
assessed annually as a function of the growth spurt
exhibited by older children and adolescents [31].

The mean GV of the boys in the present study
was 5.7 cm/year and that of girls was 3.72 cm/year.
Only at 10 years of age was the girls’ GV higher than
the boys’ (5.79 cm/year vs. 5.71 cm/year). Moreover,
approximately 20.7% of the 10-year-old girls reported
already having their menarches by the first assessment.
On average, girls entered and completed each puberty
stage earlier than their male counterparts [31].

The adolescent growth spurt usually occurs
during stage B3 among girls, and its magnitude is
typically smaller than that of boys. Girls average a peak
GV of 9 cm/year at 12 years of age and grow 25 cm in
height during the pubertal growth period [32]. On
average, boys attain a peak GV of 10.3 cm/year 2 years
later than girls during Tanner stage G4, and they gain
28 cm in height during puberty [32].

The mean GVs at 10, 11, 12, 13 and > 14
years old were 5.71, 5.66, 6.40, 4.9, and 3.19 cm,
respectively, among the boys (Dunn’s multiple
comparison test: 10, 11, 12, 13 # > 14) and 5.79,
5.46, 3.38, 1.88, and 1.72 cm, respectively, among
the girls (Dunn’s multiple comparison test: 10, 11 # 12,
13, > 14). These results indicate that the mean GV was
higher among boys > 12 years of age than their female
counterparts, and the peak welocity occurred at 12
years among the boys and at 10 years among the girls.

In Europe, the age of the GV peak was found
to vary from 13.8 to 14.2 years of age among boys
and from 11.6 to 12.3 years of age among girls. In
the United States, the age of the GV peak was found
to vary from 13.3 to 14.1 years of age among bhoys
and from 11.3 to 11.9 years of age among girls [30].

The adolescents classified as prepubescent
exhibited higher GVs, and the girls grew (on average)
6.08 cm/ year, whereas boys grew 5.87 cm/year.

The GV exhibited by the girls in stage B2 was
5.24 cm/ year, and no significant difference was found
with regard to the GV between stages B1 and B2. In
stages B3, B4, and B5, however, the GVs were 2.94,
2.42, and 2.67 cm/ year, respectively (B1 and B2 #
B3, B4, B5). Importantly, these adolescents were 10
years old when the study started, and the possibility that
some girls entered puberty earlier cannot be ruled out.
This possibility is a limitation of the present study
because the maturation process might be starting earlier,
with a consequent earlier occurrence of peak GV.

The highest GV among the boys occurred
between stages Gl and G2-G4, and only three
participants reporting being in stage G5. Among boys,
growth accelerates by age 11 (on average), and the
peak high wvelocity (9.5 cm/ year) is attained by 13.5
years of age, which corresponds to sexual maturation
stages 3 and 4. Thus, many of the adolescents who
participated in the present study might not have reached
those stages because 37.1% of the boys self-rated as G3
at the end of the study. Table 5 shows that the
minimum GV during stages G2-G4 was 0.11 cm,
and the maximum was 21.4 cm (i.e.,, some of the
boys barely grew at all, whereas others grew a
significant amount).

The longer duration of prepubescent growth
among boys combined with their higher peak GV
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resulted in a mean difference in height of 13 cm
between the genders. Fol-lowing a period of
deceleration in GV, growth finally stops when
epiphyseal fusion occurs, which usually occurs at a
skeletal age of 15 years of age among girls and 17 years
of age among boys.

No significant differences were detected at any
point with regard to participants’ nutritional statuses.
Nevertheless, the GV of underweight participants was
higher than that of overweight and obese participants.
Before puberty the GV and bone age of obese children
are higher than those of thin children. This advantage is
lost by puberty because the adolescent growth spurt is
smaller among obese youth than thin children.

According to Leonibus et al., the GV of obese
children is accelerated before puberty most likely. Later,
the height percentile tends to diminish in these children
with pubertal maturation, which suggests that the
growth spurt is less accentuated in these children than in
thin children, resulting in a similar final height38. This
supposition might account for the higher GV exhibited
by the thin adolescents in the current study com-pared
with those with excess weight.

To the best of our knowledge, the present
longitudinal study was the first to assess the GV
relative to the sexual maturation stage of 10 to 15 year-
old adolescents among a population-based sample from
Sdo Paulo. These results allow us to infer that the
growth of students enrolled in public schools in Séo
Paulo was comparable with international standards and
we believe that the distribution of heights as percentiles
based on adolescent sexual maturation stage performed
in the present study provides a more adequate method
of monitoring growth and enables the detection of
adolescents at actual risk with greater precision.
Nevertheless, each country should formulate its own
growth curves based on sexual maturation,
considering local, social, and biological characteristics.

We also suggest that future studies broaden the
age range assessed to include 8- and 9-year-old children
as well as 18- to 20-year-old adults to increase the
number of prepubescent and postpubescent volunteers.

CONCLUSION

The present study demonstrates the importance
of as-sessing growth based on the stages of sexual
maturation and indicates certain factors that might
affect growth. Of these factors, only excess weight is
likely to be affected by intervention. Adequate body
weights and healthy life-styles might contribute to the
linear growth of adoles-cents.
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