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Abstract

Objective—To compare self-report and physician assessments of sexual maturation against 

serum hormone markers to evaluate the hypothesis that the validity of self-assessed sexual 

maturation is underestimated in traditional validation studies.

Study design—We adapted a self-assessment instrument that 248 Mexican children and 

adolescents, age 8–13 years, completed. Participants were examined by a trained pediatrician and 

provided fasting blood samples for measurement of reproductive (testosterone, estradiol, sex 

hormone-binding globulin (SHBG), Inhibin B) and other hormones (C-peptide, insulin-like growth 

factor 1 (IGF-1), leptin, dehydroepiandrosterone sulfate (DHEA-S)) known to change during 

adolescence. Spearman correlations (r) were calculated among the average rank of all hormones, 

self-, and physician-assessed Tanner stage. The method of triads was used to assess validity of 
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self-reports by estimating correlations between self-assessments and true, but unobservable, sexual 

maturation based on all available data. 95% confidence intervals (CI) were constructed using 

bootstrap sampling.

Results—Validity of self-reported genitalia staging for boys was modest (r[95%CI]=0.50[0.31–

0.65]) and inferior to physician assessment (0.75[0.56–0.93]). Breast stage was well reported 

(0.89[0.79–0.97]) and superior to physician assessment (0.80[0.70–0.89]). Pubic hair stage 

reported by boys (0.91[0.79–0.99]) and girls (0.99[0.96–1.00]) were superior to physician 

assessment (0.79[0.57–0.97] and 0.91[0.83–0.97], respectively).

Conclusion—Self-assessment can be validly used in epidemiologic studies for evaluation of 

sexual maturation in children. Physician assessment may be necessary for accurate assessment of 

genitalia development in boys.
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The age at which girls and boys enter puberty has decreased over the past several decades, 

partially due to changes in nutrition, hygiene, and improved health and socioeconomic status 

(1, 2). However, there is concern that environmental factors may also be contributing to 

earlier pubertal onset, with potential adverse effects (1, 3). For example, children who enter 

puberty early have a higher risk of alcohol and substance use (4, 5) and risky behavior 

during adolescence (6) compared with their peers. Earlier pubertal onset has also been 

associated with increased risk of a variety of disorders in adolescence (7–13) and adults (14–

30). As a result, self-reported sexual maturation is extensively used in epidemiologic studies 

as a study outcome or as a critical covariate when evaluating other associations.

Validation studies have found reasonable agreement between self-reported and physician-

observed Tanner stages of sexual maturation (31–34). Sources of error in self-assessment 

include, for example, misidentification by obese adolescents of fat tissue as breast tissue 

(35–37). Furthermore, although physician assessment has always been used as the gold 

standard in validation studies, these assessments may also be subject to measurement error 

and thus result in apparent lower validity of self-reports. Specifically, Tanner staging is 

dependent on observer training and experience, and basing validity of self-reports solely on 

correlations between self- and physician-assessed sexual maturation may underestimate 

children’s ability to rate their own pubertal development.

In this study we evaluated the hypothesis that the validity of self-assessed sexual maturation 

is underestimated in traditional validation studies. To address this question we examined 

relationships between self-reported sexual maturation, physician-assessed sexual maturation, 

and a panel of serum hormone concentrations that serve as an objective marker of pubertal 

development. We then use the method of triads, a technique first proposed for the validation 

of dietary assessment tools (38, 39), to obtain an estimate of the relation between self-

reported and true, but unobservable, pubertal status.
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METHODS

The study participants were children enrolled in an ongoing longitudinal birth cohort study 

in which mothers were recruited from maternity hospitals in Mexico City, as described 

elsewhere (40–43). Our analysis includes mothers who were recruited in their first trimester 

of pregnancy, between 1997 and 2004, into the second and third of three sequentially 

enrolled cohorts. Women were eligible to participate if they were >14 years of age, pregnant, 

did not have a high-risk pregnancy, and had plans to reside in the area for at least 5 years. 

The children of enrolled mothers were followed from birth to 5 years of age. In 2010, 250 

child participants were selected based on availability of archived maternal biological 

specimens and ages ranging from 8–13 years, thus likely to be undergoing the pubertal 

transition, and invited to participate in a follow-up study on growth and sexual maturation. 

Participants completed a questionnaire on self-reported sexual maturation (described in 

detail below), had a physical exam, and provided a blood sample for hormone analysis. Of 

the 250 adolescents who filled out the questionnaire, 131 girls and 117 boys had information 

on physician and self-reported sexual maturation and serum hormone levels. Research 

protocols were approved by the Institutional Review Board at the University of Michigan 

and the Ethics Committee of the Mexico National Institute of Public Health. All child 

participants provided informed assent and were accompanied by their mother or guardian, 

who signed a letter of informed consent prior to participation.

Self-reported sexual maturation

We developed a questionnaire for self-report of sexual maturation based on adaptations to 

the original Tanner stages for secondary sexual characteristics (44). The questionnaire 

contained line drawings depicting the five Tanner stages and descriptions of each stage. 

Modifications to the layout of the line drawings were based on those made by Taylor et al 

(45) (Figure 2; available at www.jpeds.com). The questionnaire was translated into Spanish, 

reviewed by native speakers and field staff, and piloted among 12 participants aged 7 to 14 

years prior to being administered to the study population. At the study visit, a member of the 

research team explained the objective of the questionnaire to the mother, showed her a 

sample of the figures, and explained that she would be given the option of discussing the 

questionnaire with their child prior to completion. The researcher reviewed the questionnaire 

with the child, explained that he/she had the option of having their mother present while they 

(the child) filled it out, and left the room. Children were asked to select their self-perceived 

stage of development by choosing the drawings and descriptions closest to their current 

stage of sexual development, and girls were asked to report their attainment of menarche 

(yes/no; if yes, at what age). Both boys and girls were asked to report any practices of pubic 

hair shaving as this might bias their perceived Tanner staging. After completion, participants 

folded the questionnaire and returned it to the researcher.

Physical exam and standardization

A pediatrician (either CB-G or AM-G) trained according to standard methods (by JC) 

assessed Tanner staging for breast and pubic hair development in girls and for genitalia and 

pubic hair development in boys. Testicular volume was assessed in boys using a Prader 

orchidometer. Trained nurses also measured height and weight at this visit. Prior to 
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launching the study, one of the investigators (JEC) conducted a standardization of 

anthropometry protocol with the research nurses and of Tanner staging with the 

pediatricians; the latter focused on defining rules to address key assessment issues including 

differentiation of adipose and breast tissue in overweight girls, asymmetric breast stages and 

pubic hair removal.

Hormone analysis

During the study visit, a trained phlebotomist collected a fasting blood sample from each 

child for hormone analysis. Samples were centrifuged, separated into aliquots, and the serum 

was stored at −80°C until shipment on dry ice to the University of Michigan School of 

Public Health. We measured total estradiol, total testosterone, inhibin B, and sex hormone- 

binding globulin (SHBG), DHEA-S, leptin, c-peptide, and insulin-like growth factor 1 

(IGF-1) in serum as objective but unspecific biomarkers of sexual and somatic development 

during puberty. DHEA-S, E2, SHBG, and T were measured using an automated 

chemiluminescent immunoassay (Bayer Diagnostics ACS:180) and active inhibin B was 

assayed using Gen II ELISA (Beckman Coulter, Webster, TX), all at the Clinical Ligand 

Assay Service Satellite Laboratory at the University of Michigan (Ann Arbor, MI). Leptin, 

c-peptide, and IGF-1 were measured at the Michigan Diabetes Research and Training Center 

Chemistry Lab using an automated chemiluminescence immunoassay (c-peptide, IGF-1; 

Immulite 1000), or radioimmunoassay (leptin; Millipore).

Statistical analyses

Because all the sex hormones measured are known to change during adolescence (46–48) 

but none is a specific marker of the progression through puberty, we constructed a summary 

score of all the hormones measured (E2, T, inhibin B, SHBG, DHEA-S, leptin, c-peptide and 

IGF-1). Given that hormones are measured in different units, we ranked the measurements 

for each hormone, from lowest to highest measured value, and then calculated for each 

participant the average of the ranks across the eight hormones measured. We used the 

average of the ranks, instead of actual levels of any one hormone, as our objective biomarker 

of pubertal status. We estimated pair-wise Spearman correlations between self-assessed 

sexual maturation status, physician assessed sexual maturation status and the average 

hormone rank. We used the method of triads (38, 49) to estimate correlations of self-

assessed and physician assessed sexual maturation status with true, but unobservable, sexual 

maturation status (Figure 1; available at www.jpeds.com). Specifically, the correlation 

between self-assessment and true sexual maturation was estimated as:

and the correlation between physician-assessment and true sexual maturation was estimated 

as:
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where rST is the Spearman correlation between self-assessment and true sexual maturation; 

rPT is the Spearman correlation between physician-assessment and true sexual maturation; 

rSH is the Spearman correlation between self-assessment and the average rank of hormone 

levels; rSP is the Spearman correlation between self-assessment and physician-assessment; 

and rPH is the Spearman correlation between physician-assessment and the average rank of 

hormone levels. We used bootstrap sampling to construct confidence intervals around 

correlations of interest. A total of 1000 bootstrap samples were obtained by random 

sampling with replacement. For each bootstrap sample, the same estimation procedure using 

the method of triads were repeated and the 2.5th and 97.5th percentiles of all the bootstrap 

estimates were used as the nonparametric confidence interval. These analyses were 

conducted separately for each sex, and separately for each Tanner staging variable.

We also calculated the specificity, sensitivity, positive predictive value (PPV), and negative 

predictive value (NPV) of self-assessed pubertal onset, defined as having a Tanner stage >1 

for pubic hair, breast, or genital development, compared with physician-assessed pubertal 

onset using the formulas listed in Figure 3 (available at www.jpeds.com). In addition, we 

calculated the percent of self-assessments that were: a) in exact agreement with, and b) ± 1 

stage agreement with physician-assessments for pubic hair, breast, and genital Tanner stage.

Age-specific BMI and height z-scores were calculated using the SAS macro based on the 

2007 World Health Organization (WHO) growth reference for 5–19 year olds (50).

RESULTS

The demographic characteristics of the study participants are shown in Table I. Mean age at 

assessment was 10 years. Their BMI was, on average, 0.8 standard deviations higher and 

their height 0.2 standard deviations lower than the WHO reference (51). Eighteen percent of 

boys and 25 percent of girls were considered overweight (≥85th and <95th percentile BMI 

for age), while 31 percent of boys and 24 percent of girls were considered obese (≥95th 

percentile BMI for age). Most participants were pre-pubertal according to their physician-

assessed secondary sexual characteristics but there was variability in stage of sexual 

maturation among post-pubertal children (Table IV; available at www.jpeds.com). 

Circulating levels of reproductive hormones were reflective of a primarily pre-pubertal study 

population (Table V; available at www.jpeds.com).

Pairwise correlations between self-assessed sexual maturation, physician-assessed Tanner 

staging and the average rank of hormone levels are shown in Table II. Girls’ self-

assessments were closer to physician’s assessments than boys’ self-assessments. For boys, 

pubic hair self-assessment was more strongly correlated to physician’s assessments than 

their genitalia development assessment when compared against physician’s Tanner staging 

or testicular volume. Hormone levels were more strongly correlated to physician’s 

assessment of genitalia staging than to boy’s self-assessment of genitalia development. 
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However, hormone levels were more strongly related to girls’ self-assessment of breast and 

pubic hair development and to boys’ self-assessment of pubic hair development than to 

physician’s assessments of these traits. The concordance between self- and physician 

assessments was high, particularly for pubic hair (Table VI; available at www.jpeds.com); 

84% of girls and 83% of boys agreed exactly with the physician’s assessment of pubic hair 

stage. Exact agreement for breast and genitalia stage was lower. Nevertheless, 78% of self-

assessments of genital development and 97% of self-assessments of breast development 

agreed with physician-assessments within ±1 stage (Table VI). Furthermore, the tool was 

highly sensitive for classifying children as pre-pubertal (Tanner stage 1) or post-pubertal 

(Tanner stage >1) on all four traits assessed. For example, 95% of boys and 100% of girls 

classified as having a pubic hair Tanner stage >1 by a physician also rated themselves in a 

pubic hair Tanner stage >1 (Table III).

Estimates of the correlations of self-assessed and physician assessed Tanner staging with 

true sexual maturation status are also shown in Table II. Physician’s assessment of true 

sexual maturation status was highly valid. The correlations between physician assessment 

and true sexual maturation status ranged from 0.75 for boys genitalia to 0.91 for girls pubic 

hair. Girls were very accurate reporters of their sexual maturation status and outperformed 

physicians in their assessment of breast and pubic hair assessment. Boys also outperformed 

physicians in reporting their pubic hair development. However, physician assessment was 

considerably better than self-assessment of genitalia development when compared against 

physician’s Tanner staging or testicular volume measurement.

DISCUSSION

We used a novel approach to evaluate the validity of self-assessed sexual maturation status in 

a cohort of Mexican children and adolescents. The observed correlations between self- and 

physician-assessments were comparable with those observed in previous validation studies 

where physician assessment has been considered the gold standard (31, 52, 53). By 

introducing a third independent measure of sexual maturation status we were able to 

evaluate the relation of both self- and physician assessment with the true, but unobservable, 

sexual maturation status. This novel approach showed that self-assessed sexual maturation is 

very accurately reported by females and that males can accurately report pubic hair 

development. These results suggest that self-reported sexual maturation aided with line 

drawings and brief descriptions of each Tanner stage could meet the needs of most 

epidemiologic studies assessing sexual maturation. Our data suggests, however, that 

physician assessments may be necessary in studies where differentiating genitalia 

development from pubic hair development in males is of interest.

Our observed correlations between self- and physician-assessed sexual maturation status 

were similar to those reported in a recent study in Denmark (52), where assessments of 

pubic hair development were highly correlated in both males and females (r=0.70 and 0.80, 

respectively), as were girls’ assessments of breast development (r= 0.74). However, the 

correlations between self- and physician-assessed genital development among boys was 

weaker in the present study (r=0.38) in comparison with the Danish study (r=0.61). Among 

girls, correlations between self- and physician-assessed breast and pubic hair development 
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were also similar to those previously reported in the US (31, 34), Hong Kong (54), and 

Brazil (55) whereas correlations for genital and pubic hair development among boys were 

somewhat lower in the current study (34, 54, 55). Boys tended to overestimate their genital 

development stage, while girls’ assessments were generally more highly correlated with 

physician reports (Table V), a pattern that has been observed in several previous studies (32, 

53, 56). However, using physician assessment as the gold standard has the implicit 

assumption that it is without error when there is evidence that this assumption is weak (57–

60). Another method of validating self-assessed sexual maturation status is comparing it 

with hormone-based measures of sexual maturation, although previous studies have been 

limited. One study of girls aged 8–18 years reported a correlation of 0.61 between average 

Tanner stage and estradiol (61), which is slightly lower than our observed correlation of 0.73 

between breast development stage and overall hormonal milieu measure. In a study of 

overweight and obese adolescents, many participants overestimated their maturation status 

in comparison with hormone-based measures, although the weight status of participants 

likely influenced the accuracy of their self-assessments (62). By simultaneously comparing 

self-reports with physician assessments and hormone levels we were able to estimate 

correlations between self-assessed and true underlying sexual maturation status. In the 

current study, self-reports were very highly correlated with estimated true maturation status 

for breast development in girls, and pubic hair development in both boys and girls. In fact, 

these correlations were higher than correlations between physician assessments and 

estimated true status (Table II), and higher than previously reported correlations between 

self- and physician-assessments, suggesting that previous work may have consistently 

underestimated the validity of self-reported sexual maturation.

As mentioned above, using physician assessment as the gold standard for evaluation of 

sexual maturation status has the implicit assumption that it is free of error. However, there is 

evidence that physician assessment of physical traits in general, and of sexual maturation in 

particular, are subject to considerable within-observer and between-observer variability. For 

example, substantial variation in assessments of skin fold thickness, waist circumference, 

and other anthropometry measures (63, 64), as well as blood pressure measurements (65–67) 

have been demonstrated. The reliability of physician assessed sexual maturation status has 

generally been poor, especially for assessment of testicular volume (58, 60) and breast 

development (57), and is highly dependent on appropriate training (59, 68). Our results 

further suggest that physician assessments are not free of error. Although strongly correlated 

to hormone levels and true sexual maturation status, correlations between physician 

assessment and true status tended to be slightly lower than self-assessment vs. true status 

correlations and self-assessment vs. hormone correlations. The exception to this was 

physician assessed genital development in boys, which was more highly correlated with true 

status (r=0.80) compared with self-assessments (r=50). To our knowledge, this is the first 

report of the validity of physician assessed sexual maturation status, and thus further 

research is needed.

The method of triads is a technique often used in nutritional epidemiology to validate dietary 

assessments by estimating correlations with true, but unknown dietary intake. This method 

involves making triangular comparisons between three distinct measures (e.g. food records, 

questionnaires, and biomarkers) to estimate relationships of these variables with true dietary 
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intake (38, 39). However, the method of triads can be used for evaluation of validity of 

constructs beyond diet as long as specific assumptions are met. Appropriate application of 

the method of triads requires that associations between the three measurements being 

compared are solely due to their relationships with the true variable of interest, relationships 

between variables are linear, and errors are independent (69). The relationships between the 

three measurements of sexual maturation used in the present analysis – self-reports, 

physician assessments, and serum hormone levels – meet these required assumptions. 

Although hormone concentrations are subject to random measurement error, this is likely to 

be independent of errors in either self- or physician- assessed sexual maturation (69). Errors 

in self-assessed sexual maturation are likely to be based on age, sex, weight status, and other 

similar factors (52, 53, 56), whereas errors in physician assessments are likely not due to 

these issues, but rather differences in training and standardization. Therefore, errors in 

assessments are not likely to be correlated. One exception to this may be in cases of 

overweight or obese adolescent girls, where fat tissue may lead to inaccurate 

characterization of breast Tanner stage status in both self-assessments and physician 

assessments (35–37). However, proper training of physicians, including both observation 

and palpation of breast tissue, would limit related errors in physician-assessments, and thus 

minimize correlations with errors in self-assessments. Characteristics of our study including 

pre-study training in standard of assessment procedures to address this specific issue suggest 

that this source of correlated error may be minimal in our study. Our use of the method of 

triads to evaluate the validity of both self- and physician assessments of sexual maturation 

demonstrates that this method may be applied to a number of situations outside of dietary 

assessment. A limitation of this study is that the majority of participants were in the early 

stages of puberty, with very few children at Tanner stages 4 or 5 for breast, genital, or pubic 

hair development. This limits our ability to evaluate sexual maturation assessments in the 

later stages of puberty. As girls generally develop earlier than boys, this could also play a 

role in the observed differences by sex in self-assessment validity by sex. However, it 

allowed us to evaluate assessments at the onset of puberty, the developmental transition that 

is the focus of most epidemiological studies. Another limitation was the measurement of 

steroid hormones by immunoassay rather than LC-MS/MS, the method recommended by the 

Endocrine Society particularly for low testosterone levels in women and children. However, 

we used several hormone concentrations to create a hormone profile rank, minimizing the 

influence of a small number of values below the detection limit for one hormone. Our use of 

serum hormones as a third measure of sexual maturation status was also an important 

strength of our study, as hormone levels are an objective biomarker, independent of both 

self- and physician assessments. This allowed us to evaluate the validity of both self- and 

physician- assessment by estimating correlations between these measures and true sexual 

maturation status.
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Abbreviations

DHEA-S dehydroepiandrosterone sulfate

GnRH gonadotropin releasing hormone

HPA hypothalamic-pituitary-adrenal

HPG hypothalamic-pituitary-gonadal

IGF-1 insulin-like growth factor 1

NPV negative predictive value

PPV positive predictive value

SHBG sex hormone-binding globulin
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Figure 1. 
online. Method of Triads Overview
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Figure 2. 
online. Sexual Maturation Self-Assessment Tool

Chavarro et al. Page 14

J Pediatr. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
online. Formulas for Calculating Sensitivity, Specificity, Positive Predictive Value (PPV), 

and Negative Predictive Value (NPV) for Self-Assessed Tanner Staging.
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Table 1

Participant Characteristics and Hormone Concentrations.

Characteristic Mean (SD) or N (%)

Girls Boys

N (%) 131 (52.8) 117 (47.2)

Age, years 10.3 (1.73) 10.4 (1.60)

BMI z-score 0.82 (1.29) 0.87 (1.19)

Height z-score −0.19 (0.92) −0.14 (0.81)

Maternal education, years 10.9 (2.83) 11.2 (2.81)

Testosterone, ng/dl 22.0 (14.0) 78.3 (145)

Estradiol, pg/ml 38.1 (50.6) 18.4 (9.34)

SHBG, nmol/L 70.8 (36.8) 82.9 (42.4)

DHEA-S, μg/dl 54.3 (39.5) 67.7 (52.0)

Inhibin B, pg/ml 36.6 (36.9) 124 (71.9)

Leptin, ng/ml 13.9 (10.1) 8.25 (6.37)

C-peptide, ng/ml 1.86 (1.26) 1.60 (1.15)

IGF-1, ng/ml 279 (105) 233 (98.7)

Physician-assessed breast development, N (%) B1a 86 (65.6)

Physician-assessed genitalia development, N (%) G1b 56 (49.1)

Physician-assessed pubic hair development, N (%) PH1c 97 (74.0) 93 (81.6)

Abbreviations: SD, standard deviation; BMI, body mass index; SHBG, sex hormone-binding globulin; DHEA-S, dehydroepiandrosterone sulfate; 
IGF-1, insulin-like growth factor 1.

a
Tanner stage = 1 for breast development.

b
Tanner stage =1 for genital development, missing for 3 boys.

c
Tanner stage = 1 for pubic hair development, missing for 3 boys.

J Pediatr. Author manuscript; available in PMC 2018 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chavarro et al. Page 17

Ta
b

le
 2

Sp
ea

rm
an

 C
or

re
la

tio
ns

 B
et

w
ee

n 
Se

lf
-A

ss
es

sm
en

t, 
Ph

ys
ic

ia
n-

A
ss

es
sm

en
t, 

H
or

m
on

e 
St

at
us

, a
nd

 T
ru

e 
Se

xu
al

 M
at

ur
at

io
n 

St
at

us
.

Se
lf

-A
ss

es
sm

en
t

P
hy

si
ci

an
-A

ss
es

sm
en

t
SP

a
SH

b
P

H
c

ST
d  

(9
5%

 C
I)

P
T

e  
(9

5%
 C

I)

G
ir

ls

B
re

as
t

B
re

as
t

0.
71

0.
73

0.
66

0.
89

 (
0.

79
, 0

.9
7)

0.
80

 (
0.

70
, 0

.8
9)

Pu
bi

c 
H

ai
r

Pu
bi

c 
H

ai
r

0.
91

0.
62

0.
57

1.
00

 (
0.

96
, 1

.0
0)

0.
91

 (
0.

84
, 0

.9
7)

B
oy

s

G
en

ita
lia

G
en

ita
lia

0.
38

0.
40

0.
61

0.
50

 (
0.

31
, 0

.6
5)

0.
75

 (
0.

56
, 0

.9
3)

G
en

ita
lia

Te
st

ic
ul

ar
 v

ol
um

e 
(l

ar
ge

st
)

0.
40

0.
40

0.
65

0.
50

 (
0.

31
, 0

.6
6)

0.
80

 (
0.

62
, 0

.9
8)

G
en

ita
lia

Te
st

ic
ul

ar
 v

ol
um

e 
(a

ve
ra

ge
)

0.
39

0.
40

0.
66

0.
49

 (
0.

30
, 0

.6
5)

0.
80

 (
0.

62
, 0

.9
7)

Pu
bi

c 
H

ai
r

Pu
bi

c 
H

ai
r

0.
73

0.
61

0.
54

0.
91

 (
0.

79
, 1

.0
0)

0.
80

 (
0.

57
, 0

.9
7)

a SP
: S

pe
ar

m
an

 c
or

re
la

tio
n 

be
tw

ee
n 

se
lf

-a
ss

es
sm

en
t a

nd
 p

hy
si

ci
an

 a
ss

es
sm

en
t

b SH
: S

pe
ar

m
an

 c
or

re
la

tio
n 

be
tw

ee
n 

se
lf

-a
ss

es
sm

en
t a

nd
 a

ve
ra

ge
 r

an
k 

of
 h

or
m

on
e 

le
ve

ls

c PH
: S

pe
ar

m
an

 c
or

re
la

tio
n 

be
tw

ee
n 

ph
ys

ic
ia

n 
as

se
ss

m
en

t a
nd

 a
ve

ra
ge

 r
an

k 
of

 h
or

m
on

e 
le

ve
ls

d ST
: S

pe
ar

m
an

 c
or

re
la

tio
n 

be
tw

ee
n 

se
lf

-a
ss

es
sm

en
t a

nd
 tr

ue
 s

ex
ua

l m
at

ur
at

io
n 

st
at

us

e PT
: S

pe
ar

m
an

 c
or

re
la

tio
n 

be
tw

ee
n 

ph
ys

ic
ia

n 
as

se
ss

m
en

t a
nd

 tr
ue

 s
ex

ua
l m

at
ur

at
io

n 
st

at
us

J Pediatr. Author manuscript; available in PMC 2018 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chavarro et al. Page 18

Ta
b

le
 3

Se
ns

iti
vi

ty
, S

pe
ci

fi
ci

ty
, P

os
iti

ve
 P

re
di

ct
iv

e 
V

al
ue

 (
PP

V
),

 a
nd

 N
eg

at
iv

e 
Pr

ed
ic

tiv
e 

V
al

ue
 (

N
PV

) 
of

 S
el

f-
A

ss
es

se
d 

Pu
be

rt
al

 O
ns

et
 (

G
ir

ls
 n

=
13

1,
 B

oy
s 

n=
11

4)
.

G
ir

ls
: 

Ta
nn

er
 S

ta
ge

 >
1 

fo
r 

B
re

as
t 

D
ev

el
op

m
en

t

P
hy

si
ci

an

Se
lf

ye
s

no
to

ta
l

Se
ns

it
iv

it
y

Sp
ec

if
ic

it
y

P
P

V
N

P
V

ye
s

42
28

70
0.

93
0.

67
0.

60
0.

95

no
3

58
61

to
ta

l
45

86
13

1

G
ir

ls
: 

Ta
nn

er
 S

ta
ge

 >
1 

fo
r 

P
ub

ic
 H

ai
r 

D
ev

el
op

m
en

t

P
hy

si
ci

an

Se
lf

ye
s

no
to

ta
l

Se
ns

iti
vi

ty
Sp

ec
if

ic
ity

PP
V

N
PV

ye
s

34
7

41
1

0.
93

0.
83

1

no
0

90
90

to
ta

l
34

97
13

1

B
oy

s:
 T

an
ne

r 
St

ag
e 

>1
 fo

r 
G

en
it

al
 D

ev
el

op
m

en
t

P
hy

si
ci

an

Se
lf

ye
s

no
to

ta
l

Se
ns

iti
vi

ty
Sp

ec
if

ic
ity

PP
V

N
PV

ye
s

54
44

98
0.

93
0.

21
0.

55
0.

75

no
4

12
16

to
ta

l
58

56
11

4

B
oy

s:
 T

an
ne

r 
St

ag
e 

>1
 fo

r 
P

ub
ic

 H
ai

r 
D

ev
el

op
m

en
t

P
hy

si
ci

an

Se
lf

ye
s

no
to

ta
l

Se
ns

iti
vi

ty
Sp

ec
if

ic
ity

PP
V

N
PV

ye
s

20
7

27
0.

95
0.

92
0.

74
0.

99

no
1

86
87

to
ta

l
21

93
11

4

J Pediatr. Author manuscript; available in PMC 2018 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chavarro et al. Page 19

Ta
b

le
 4

on
lin

e.
 P

er
ce

nt
 o

f 
Pa

rt
ic

ip
an

ts
 a

t e
ac

h 
Ta

nn
er

 S
ta

ge
 A

cc
or

di
ng

 to
 S

el
f 

an
d 

Ph
ys

ic
ia

n 
A

ss
es

sm
en

t b
y 

Se
x.

M
al

e 
(n

=1
14

)
F

em
al

e 
(n

=1
31

)

Se
lf

-A
ss

es
se

d
P

hy
si

ci
an

-A
ss

es
se

d
Se

lf
-A

ss
es

se
d

P
hy

si
ci

an
-A

ss
es

se
d

Ta
nn

er
 S

ta
gi

ng
G

en
it

al
ia

P
ub

ic
 H

ai
r

G
en

it
al

ia
P

ub
ic

 H
ai

r
B

re
as

t
P

ub
ic

 H
ai

r
B

re
as

t
P

ub
ic

 H
ai

r

1
13

.6
8

76
.0

7
49

.1
2

81
.5

8
46

.5
6

68
.7

0
65

.6
5

74
.0

5

2
44

.4
4

14
.5

3
37

.7
2

14
.9

1
32

.8
2

14
.5

0
15

.2
7

16
.7

9

3
23

.9
3

5.
98

8.
77

2.
63

14
.5

0
13

.7
4

13
.7

4
6.

87

4
11

.9
7

2.
56

4.
39

0.
88

5.
34

3.
05

5.
34

1.
53

5
5.

98
0.

85
0

0
0.

76
0

0
0.

76

J Pediatr. Author manuscript; available in PMC 2018 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chavarro et al. Page 20

Ta
b

le
 5

on
lin

e.
 D

is
tr

ib
ut

io
n 

of
 R

ep
ro

du
ct

iv
e 

an
d 

So
m

at
ic

 H
or

m
on

e 
C

on
ce

nt
ra

tio
ns

 b
y 

Se
x

H
or

m
on

e
M

in
5th

 p
er

ce
nt

ile
25

th
 p

er
ce

nt
ile

50
th

 p
er

ce
nt

ile
75

th
 p

er
ce

nt
ile

95
th

 p
er

ce
nt

ile
M

ax

G
ir

ls
 (

n=
13

1)

E
st

ra
di

ol
 (

pg
/m

l)
4.

2
9.

8
16

.5
23

.0
43

.1
95

.7
48

3

Te
st

os
te

ro
ne

 (
ng

/d
l)

<
2

<
2

13
.4

19
.8

29
.6

47
.7

73
.6

In
hi

bi
n 

B
 (

pg
/m

l)
<

10
<

10
11

.8
22

.4
47

.9
10

5
28

3

SH
B

G
 (

nm
ol

/L
)

12
.6

22
.7

39
.2

64
.0

92
.7

15
1

17
2

D
H

E
A

-S
 (

μg
/d

l)
<

15
<

15
23

.2
42

.6
74

.0
15

0
21

4

IG
F-

1 
(n

g/
m

l)
10

2
14

1
19

8
25

0
35

9
46

8
60

6

C
-p

ep
tid

e 
(n

g/
m

l)
0.

39
0.

66
1.

00
1.

60
2.

20
4.

10
10

.1

L
ep

tin
 (

ng
/m

l)
2.

4
3.

6
6.

3
10

.7
18

.5
34

.3
62

.2

B
oy

s 
(n

=1
17

)

E
st

ra
di

ol
 (

pg
/m

l)
<

3.
8

9.
1

13
.3

16
.7

20
.1

32
.8

83
.5

Te
st

os
te

ro
ne

 (
ng

/d
l)

<
2

<
2

11
.1

21
.3

59
.8

44
2

72
0

In
hi

bi
n 

B
 (

pg
/m

l)
20

.9
40

.4
64

.9
10

3
17

7
25

1
35

3

SH
B

G
 (

nm
ol

/L
)

18
.0

24
.9

48
.3

76
.3

10
5

16
3

22
4

D
H

E
A

-S
 (

μg
/d

l)
<

15
<

15
32

.6
51

.0
90

.6
18

3
32

6

IG
F-

1 
(n

g/
m

l)
92

.9
12

4
16

6
20

6
26

8
45

3
56

8

C
-p

ep
tid

e 
(n

g/
m

l)
0.

46
0.

67
0.

96
1.

30
1.

80
4.

30
7.

70

L
ep

tin
 (

ng
/m

l)
1.

4
2.

2
3.

6
6.

5
10

.7
21

.8
34

.2

A
bb

re
vi

at
io

ns
: S

H
B

G
, s

ex
 h

or
m

on
e-

bi
nd

in
g 

gl
ob

ul
in

; D
H

E
A

-S
, d

eh
yd

ro
ep

ia
nd

ro
st

er
on

e 
su

lf
at

e;
 I

G
F-

1,
 in

su
lin

-l
ik

e 
gr

ow
th

 f
ac

to
r 

1.

J Pediatr. Author manuscript; available in PMC 2018 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chavarro et al. Page 21

Ta
b

le
 6

on
lin

e.
 C

ro
ss

 T
ab

ul
at

io
n 

an
d 

Pe
rc

en
t A

gr
ee

m
en

t o
f 

Se
lf

-A
ss

es
se

d 
vs

. P
hy

si
ci

an
-A

ss
es

se
d 

Ta
nn

er
 S

ta
gi

ng
 (

G
ir

ls
 n

=
13

1,
 B

oy
s 

n=
11

4)
.

G
ir

ls
: 

Ta
nn

er
 S

ta
gi

ng
 fo

r 
B

re
as

t 
D

ev
el

op
m

en
t

P
hy

si
ci

an
%

 A
gr

ee
m

en
t

Se
lf

1
2

3
4

5
To

ta
l

E
xa

ct
±1

 S
ta

ge

1
58

2
1

0
0

61
67

.4
96

.5

2
25

15
3

0
0

43
75

.0
10

0

3
3

3
10

3
0

19
55

.6
94

.4

4
0

0
4

3
0

7
42

.9
10

0

5
0

0
0

1
0

1
n/

a
n/

a

To
ta

l
86

20
18

7
0

13
1

65
.6

96
.9

G
ir

ls
: 

Ta
nn

er
 S

ta
gi

ng
 fo

r 
P

ub
ic

 H
ai

r 
D

ev
el

op
m

en
t

P
hy

si
ci

an
%

 A
gr

ee
m

en
t

Se
lf

1
2

3
4

5
To

ta
l

E
xa

ct
±

1 
St

ag
e

1
90

0
0

0
0

90
92

.8
10

0

2
7

12
0

0
0

19
54

.5
10

0

3
0

10
7

1
0

18
77

.8
10

0

4
0

0
2

1
1

4
50

.0
10

0

5
0

0
0

0
0

0
0

10
0

To
ta

l
97

22
9

2
1

13
1

84
.0

10
0

B
oy

s:
 T

an
ne

r 
St

ag
in

g 
fo

r 
G

en
it

al
 D

ev
el

op
m

en
t

P
hy

si
ci

an
%

 A
gr

ee
m

en
t

Se
lf

1
2

3
4

5
To

ta
l

E
xa

ct
±

1 
St

ag
e

1
12

4
0

0
0

16
21

.4
76

.8

2
31

16
4

0
0

51
37

.2
74

.4

3
10

12
3

2
0

27
30

.0
90

4
3

6
2

2
0

13
40

.0
10

0

5
0

5
1

1
0

7
n/

a
n/

a

To
ta

l
56

43
10

5
0

11
4

28
.9

78
.1

B
oy

s:
 T

an
ne

r 
St

ag
in

g 
fo

r 
P

ub
ic

 H
ai

r 
D

ev
el

op
m

en
t

J Pediatr. Author manuscript; available in PMC 2018 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chavarro et al. Page 22

G
ir

ls
: 

Ta
nn

er
 S

ta
gi

ng
 fo

r 
B

re
as

t 
D

ev
el

op
m

en
t

P
hy

si
ci

an
%

 A
gr

ee
m

en
t

Se
lf

1
2

3
4

5
To

ta
l

E
xa

ct
±1

 S
ta

ge

P
hy

si
ci

an
%

 A
gr

ee
m

en
t

Se
lf

1
2

3
4

5
To

ta
l

E
xa

ct
±

1 
St

ag
e

1
86

1
0

0
0

87
92

.5
10

0

2
7

9
1

0
0

17
52

.9
88

.2

3
0

5
0

1
0

6
0.

0
10

0

4
0

1
2

0
0

3
0.

0
10

0

5
0

1
0

0
0

1
n/

a
n/

a

To
ta

l
93

17
3

1
0

11
4

83
.3

98
.2

J Pediatr. Author manuscript; available in PMC 2018 July 01.


	Abstract
	METHODS
	Self-reported sexual maturation
	Physical exam and standardization
	Hormone analysis
	Statistical analyses

	RESULTS
	DISCUSSION
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

