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BACKGROUND: Most epidemiologic studies of puberty have only 1 source of pubertal

abstract

development information (maternal, self or clinical). Interpretation of results across studies
requires data on reliability and validity across sources.
METHODS: The LEGACY Girls Study, a 5-site prospective study of girls aged 6 to 13 years (n =

1040) collected information on breast and pubic hair development from mothers (for all
daughters) and daughters (if ≥10 years) according to Tanner stage (T1–5) drawings. At
2 LEGACY sites, girls (n = 282) were also examined in the clinic by trained professionals.
We assessed agreement (κ) and validity (sensitivity and specificity) with the clinical
assessment (gold standard) for both the mothers’ and daughters’ assessment in the
subcohort of 282. In the entire cohort, we examined the agreement between mothers and
daughters.
RESULTS: Compared with clinical assessment, sensitivity of maternal assessment for breast
development was 77.2 and specificity was 94.3. In girls aged ≥11 years, self-assessment had
higher sensitivity and specificity than maternal report. Specificity for both mothers and
self, but not sensitivity, was significantly lower for overweight girls. In the overall cohort,
maternal and daughter agreement for breast development and pubic hair development (T2+
vs T1) were similar (0.66, [95% confidence interval 0.58–0.75] and 0.69 [95% confidence
interval 0.61–0.77], respectively), but declined with age. Mothers were more likely to report
a lower Tanner stage for both breast and pubic hair compared with self-assessments.
CONCLUSIONS: These differences in validity should be considered in studies measuring

pubertal changes longitudinally when they do not have access to clinical assessments.
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WHAT’S KNOWN ON THIS SUBJECT: Mothers and
girls underreport pubertal development relative to
clinical measurements. Many epidemiologic studies
base pubertal assessment on a single source (clinical,
maternal, or self) and/or change sources over time
as girls age and clinical and maternal assessments
become more difﬁcult.
WHAT THIS STUDY ADDS: Maternal breast Tanner
assessments were more valid than self-assessments
compared with clinical only before age 11 years.
Among girls ≥11 years, self-assessments had higher
sensitivity and speciﬁcity. These differences in validity
should be considered in studies measuring pubertal
changes longitudinally.
To cite: Terry MB, Goldberg M, Schechter S, et al. Comparison of Clinical,
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Early age at menarche is associated
with increased risk of breast cancer,
ovarian cancer, Type 2 diabetes, and
other health conditions.1–9 Earlier
menarche has also been shown to
be associated with higher rates of
depression, anxiety, eating disorders,
smoking, and substance abuse.10–15
Studies have also found that early
menarche was associated with a 13%
to 16% increased risk of all-cause
mortality, even after adjusting for
BMI.16,17
Age at menarche has been used
as a proxy for onset of pubertal
development. Markers of puberty,
including breast and pubic hair
development, often begin several
years before first menses.18 Age
at menarche started to decline in
the early 1900s but has remained
fairly constant at 12 to 13 years for
the past 60 years.19 Over the past
generation, there has been a dramatic
decline in the age at onset of breast
development.20,21 Because the age
of onset of breast development is
decreasing without corresponding
decreases in age at first menses,
menarche is an inaccurate indicator
of pubertal onset.
Independent of age at menarche,
earlier age at breast development
has been associated with a 20%
increased breast cancer risk in
a prospective cohort of 104 931
women.22 Importantly, the study
confirmed that the number of years
between onset of breast development
and menarche, referred to as tempo,
may affect risk over and above
the age at attainment of any single
pubertal milestone.22 Thus, the
window between onset of breast
development and first menses has
become wider in most populations
worldwide,23,24 suggesting a possible
future increase in breast cancer
incidence.21,25
Pubertal onset, defined as the
beginning of breast and/or pubic
hair development, is often assessed
by using Tanner staging,26 which is
routinely used in clinical evaluations.

Tanner stages range from T1 to T5,
with T1 referring to prepubertal
development and T5 indicating
full development. T2 is the first
appearance of either breast buds or
pubic hair and is used to indicate
the onset of puberty. Tanner stage
is generally assessed by a clinician
but can also be evaluated by self- or
maternal report using drawings
of Tanner stages with explanatory
text.27
Most studies of pubertal
development use only a single source
of Tanner staging. For example, of
the large epidemiologic studies,
4 use clinical staging by a trained
professional,20,21,28,29 1 uses selfassessment,30 and 1 uses maternal
staging, self-staging, or a combined
measure.31 To interpret data across
studies, it is important to determine
whether pubertal development
information differs by source, which
can only be examined within the
few cohorts that collect pubertal
data from multiple sources.32–34
It is also important to determine
whether factors such as age, family
history of breast cancer, BMI, and
race/ethnicity affect measurements
to assess whether there could be
any differential bias in pubertal
assessment by source of Tanner
staging (eg, clinical, maternal, or self).
We report results from reliability and
validity analyses comparing maternal
and self-assessment to clinical
staging in a large study of girls’ health
and development.

METHODS
LEGACY Girls Study
The LEGACY Girls Study is a 5-site
prospective study of pubertal
development in girls ages 6 to
13 years at recruitment, half of
whom have a family history of
breast cancer (for details, see John
et al35). Classification of pubertal
timing is based on the Growth
and Development Questionnaire
completed every 6 months by

mothers/guardians for girls of all
ages and by girls aged ≥10 years.
It includes questions on age at
menarche and breast and pubic hair
development using line drawings
that show 5 stages of development,
Tanner T1 through T5, for breast and
pubic hair.26 Because 97% of girls
participated in LEGACY with their
biological mother,35 we will refer to
the guardian as the mother from here
on. The girls’ self-assessment will be
used for sensitivity analyses.
At 2 sites, we also collected clinical
measures of breast development.
Three clinical raters from New
York and 1 from Utah were trained
concurrently on the determination
of Tanner breast stage using visual
inspection along with palpation when
necessary. Palpation was used in
addition to visual assessment in a
subset of girls, if they consented, to
help the clinical raters distinguish
between Tanner stages 1 and 2.
Palpation was used in 32.2% of
baseline clinical Tanner measures.
The addition of palpation did not
change the clinical Tanner rating in
92.1% of instances when palpation
was used. The clinical raters did not
evaluate pubic hair Tanner stage.
Clinician interrater reliability for
breast Tanner stage was almost
perfect, with weighted κ scores
ranging from 0.93 to 1.00 and κ for
T2+ versus T1 ranging from 0.94 to
1.00 (based on 181 assessments with
2 clinical raters, see Supplemental
Table 7).

Statistical Analysis
We calculated measures of validity
by treating the clinical assessment
as the gold standard: sensitivity
(percentage correctly identifying
the onset of breast development,
T2+) and specificity (percentage
correctly identifying prepubertal
stage, T1), separately for mothers
and daughters. We calculated
concordance (overall agreement),
κ (T1 vs T2+) and weighted κ (for
T1–T5) for the first visit with clinical
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TABLE 1 Population Characteristics of the LEGACY Girls Study Cohort
Girls with Clinical Assessment (n = 282)

Age, y
BMI, kg/m2
BMI for age z score
Weight, kg
Weight for age z score
Height, cm
Height for age z score

All Girls (n = 1040)

Median (Range)

Median (Range)

9.5 (6.0 to 15.1)
16.5 (11.1 to 37.4)
0.03 (–4.9 to 2.9)
31.0 (17.7 to 92.7)
0.13 (–3.3 to 3.4)
136.3 (107.0 to 181.8)
0.24 (–2.4 to 3.7)

10.1 (5.2 to 16.6)
17.0 (10.3 to 49.5)
0.04 (–6.4 to 3.0)
34.5 (15.4 to 144.8)
0.27 (–3.4 to 3.9)
141.6 (107.0 to 181.8)
0.54 (–2.8 to 6.6)

staging available for New York
and Utah girls. For both breast
and pubic hair Tanner staging, we
calculated κ between maternal and
self-assessment for girls ages ≥10
years from all study sites. κ statistics
were interpreted by strength of
agreement as follows: <0.00, poor;
0.00–0.20, slight; 0.21–0.40, fair;
0.41–0.60, moderate; 0.61–0.80,
substantial; 0.81–1.00, almost
perfect.36

other into 1 group for analyses
using clinical staging because of
small numbers in each category. We
formally tested differences
in sensitivity and specificity of
maternal and self-assessment
by each characteristic using a
2-sample test of proportions.
We used polytomous logistic
regression to examine factors (ie,
girl’s age, family history status, BMI
at visit [<85th percentile vs ≥85th
percentile], race/ethnicity, and study
site) associated with discordant
clinical and maternal assessments
of breast onset compared with
the referent group of girls with
concordant staging.

We examined differences in validity
and agreement by age, breast
cancer family history in first- and
second-degree relatives, BMI,
race/ethnicity, and study site. We
calculated percentiles and z scores
for each girl’s age based on age and
gender using the Centers for Disease
Control and Prevention SAS source
code37 and compared girls with a
BMI <85th percentile with those
with a BMI ≥85th percentile.38 Race/
ethnicity was mother-reported and
categorized as non-Hispanic white,
non-Hispanic black, Hispanic, Asian/
Pacific Islander, or other for analyses
using the full cohort. We combined
girls identified as non-Hispanic
black, Asian/Pacific Islander, or

RESULTS
Clinical Versus Maternal Assessment
of Breast Development
Girls with clinical assessments
(n = 282) were slightly younger
and smaller than girls in the overall
cohort (n = 1040; Table 1). Of the
clinical and maternal assessments,
73% were in agreement (Table 2).
When there was disagreement,

mothers were more likely to
underestimate than overestimate
their daughter’s breast stage.
Unweighted κ for all 5 breast Tanner
stages was 0.54 (95% confidence
interval [CI] 0.47 to 0.62), and
weighted κ was 0.72 (95% CI 0.67
to 0.78), indicating that discrepant
assessments typically differed by
only 1 stage. The κ for breast
T2+ compared with T1 was 0.73
(95% CI 0.65 to 0.81), indicating
substantial agreement between
maternal and clinical assessments
for the onset of breast development.
Seventy-seven percent of mothers
accurately identified when their
daughters were T2+ (sensitivity),
and 94.3% accurately identified
when their daughters were T1
(specificity).
Validity of maternal report,
when compared with the clinical
assessment as the gold standard,
differed significantly by age
(sensitivity and specificity) and BMI
(specificity; Table 3). Sensitivity of
maternal report of T2+ was 56.0%
for girls <10 years and 82.7% for
those ≥10 years of age; specificity
was 96.4% and 79.0%, respectively.
Specificity was lower for mothers of
overweight girls (≥ 85th percentile)
(73.7% vs 97.0%). When we
examined discordances between
maternal and clinical reports using
polytomous logistic regression
models, only daughter’s BMI ≥85th
percentile was associated with
maternal overestimation of breast
onset (odds ratio [OR] = 6.0, 95% CI
1.5 to 23.1).

TABLE 2 Agreement Between Maternal Assessment of Breast Development Versus Clinical Assessment as Gold Standard
Clinical Rating, N (%)

Maternal rating, n (%)
1
2
3
4
5
Total

1

2

3

4

5

Total

150 (53.2)
8 (2.8)
1 (0.4)
0 (0)
0 (0)
159

27 (9.6)
25 (8.9)
7 (2.5)
1 (0.4)
0 (0)
60

1 (0.4)
7 (2.5)
19 (6.7)
4 (1.4)
0 (0)
31

0 (0)
3 (1.1)
4 (1.4)
12 (4.3)
4 (1.4)
23

0 (0)
0 (0)
1 (0.3)
8 (2.8)
0 (0)
9

178
43
32
25
4
282
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4
80.0
66.7
N/Ae

82.4
82.1
72.7

95.6
89.3
94.1

0.55 (0.33 to 0.77)
0.31 (–0.09 to 0.71)
0.00 (0.00 to 0.00)

78.7
78.1
68.8

0.76 (0.67 to 0.86)
0.67 (0.48 to 0.85)
0.63 (0.38 to 0.89)

189
60
33

91.7
79.7

−0.06 (–0.14 to 0.03)
0.36 (0.14 to 0.59)

0.00c
81.3

87.5
78.1

−0.06 (–0.16 to 0.03)
0.47 (0.27 to 0.68)

73.7*
97.0*

87.1
73.0

0.61 (0.39 to 0.84)
0.73 (0.64 to 0.82)

50
223

84.8
81.8

0.43 (0.13 to 0.73)
0.33 (0.04 to 0.62)

85.7
72.7

80.4
81.8

0.45 (0.18 to 0.72)
0.47 (0.20 to 0.73)

b

0.45 (0.21 to 0.69)
0.15 (–0.27 to 0.57)
0.00 (0.00 to 0.00)

82.4
85.7
81.8

83.3
53.3
80.7
91.7

96.8
92.8

80.0
74.1

0.77 (0.65 to 0.88)
0.69 (0.57 to 0.81)

127
155

0.38 (0.17 to 0.59)
-0.05 (–0.43 to 0.33)
0.53 (0.20 to 0.86)
0.63 (0.17 to 1.00)

77.8b
76.9
75.0
100.0

81.1b
58.8
79.3
87.5

79.0*

82.7*

0.58 (0.40 to 0.77)
0.48 (0.30 to 0.67)

165
117
30
33
26

Sensitivity

0.46 (0.27 to 0.65)b
0.35 (0.02 to 0.67)
0.35 (0.00 to 0.71)
0.52 (0.07 to 0.97)

96.4*

Self Assessment, Girls Ages ≥10
κ (95% CI)

Speciﬁcity

56.0*

Maternal Assessment, Girls Ages ≥10
κ (95% CI)
Sensitivity

Speciﬁcity

Sensitivity

Maternal Assessment, All Ages
κ (95% CI)

Na

Tanner Stage T2+ vs T1

Number of girls of all ages with maternal and clinical assessment, unless noted otherwise.
Excludes 9 girls aged ≥10 years that did not have self-assessment information for comparison between maternal and self-assessments.
c There were no girls in this group who reported Tanner stage 1.
d “Other” category includes 18 girls who identiﬁed as non-Hispanic black, 10 that identiﬁed as Asian/Paciﬁc Islander, and 5 who identiﬁed with another race/ethnicity.
e There were no girls with a clinical report of Tanner stage 1 in this group.
* P < .05 for difference in sensitivities or speciﬁcities.

a

Age <10
Age ≥10
Age 10
Age 11
Age 12
Breast cancer family history
Positive
Negative
BMI percentile
≥85th
<85th
Race/ethnicity
Non-Hispanic white
Hispanic
Other (black, Asian, other)d

Description

TABLE 3 Agreement Between Maternal and Self-Assessment of Breast Development Versus Clinical Assessment as Gold Standard

66.7
33.3
N/Ae

0.00c
62.5

71.4
54.6

61.1
41.7
100.0
100.0

Speciﬁcity

Clinical Versus Maternal and SelfAssessment of Breast Development
in Girls Aged ≥10 Years

Compared with the clinical
assessment, agreement with selfassessment was lower than agreement
with maternal assessment (Table 3).
Sensitivities were slightly higher
for self-assessment than maternal
assessment, but specificities were
much lower for self-assessment than
maternal assessment, suggesting that
girls ages ≥10 years are less accurate
than their mothers at determining
true negatives (no breast budding
based on breast Tanner stage).
Specificity in girls improved with
age, and by age 11 years, girls had
perfect specificity (Table 3)
compared with the mothers’
specificity at age 11 years, which
was lower at 75%.

Maternal Versus Self-Assessment of
Breast Development in the Overall
Cohort Ages ≥10 Years

Agreement between maternal and
self-staging was moderate (weighted
κ = 0.68, 95% CI 0.64 to 0.72; κ for
T2+ = 0.66, 95% CI 0.58 to 0.75;
Table 4). Girls were more likely to
report a higher breast Tanner stage
compared with their mother (Table
5, and also Supplemental Table 8 for
details). Agreement on breast onset
differed substantially by BMI (≥85th
percentile, κ = 0.38, 95% CI 0.05 to
0.72; <85th percentile, κ = 0.68, 95% CI
0.59 to 0.77; differences were smaller
for family history and race/ethnicity
except for the Asian subgroup, where
agreement was lower.

Maternal Versus Self-Assessment
of Pubic Hair Development in the
Overall Cohort Ages ≥10 Years

Maternal and self-staging for girls
aged ≥10 years showed slightly
higher agreement for pubic hair
Tanner stage (weighted κ = 0.72, 95%
CI 0.68 to 0.76) and pubic hair onset
(κ = 0.69, 95% CI 0.61 to 0.77) than
for breast Tanner stage (Table 6).
Agreement in pubic hair assessment
did not differ by BMI and was similar
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TABLE 4 Agreement Between Maternal and Self-Assessment of Breast Development in Girls Aged ≥10 Years
Description
All girls, age ≥10
Breast cancer family history
Positive
Negative
BMI percentile
≥85th
<85th
Race/ethnicity
Non-Hispanic white
Hispanic
Non-Hispanic black
Asian
Other

Tanner Staging—5 Categories

Tanner Stage T2+ vs T1

n

κ (95% CI)

Weighted κ (95% CI)

κ (95% CI)

457

0.51 (0.45 to 0.56)

0.68 (0.64 to 0.72)

0.66 (0.58 to 0.75)

250
207

0.55 (0.47 to 0.63)
0.45 (0.36 to 0.54)

0.70 (0.64 to 0.76)
0.66 (0.59 to 0.72)

0.70 (0.58 to 0.82)
0.62 (0.50 to 0.74)

85
356

0.44 (0.31 to 0.57)
0.51 (0.45 to 0.58)

0.65 (0.55 to 0.74)
0.68 (0.63 to 0.73)

0.38 (0.05 to 0.72)
0.68 (0.59 to 0.77)

269
91
37
45
15

0.51 (0.43 to 0.58)
0.43 (0.29 to 0.56)
0.44 (0.24 to 0.65)
0.51 (0.34 to 0.69)
0.80 (0.53 to 1.00)

0.67 (0.61 to 0.73)
0.61 (0.50 to 0.71)
0.69 (0.57 to 0.81)
0.69 (0.58 to 0.81)
0.80 (0.53 to 1.00)

0.65 (0.55 to 0.76)
0.73 (0.51 to 0.95)
0.72 (0.36 to 1.00)
0.54 (0.28 to 0.80)
1.00 (1.00 to 1.00)

TABLE 5 Agreement Between Maternal and Self-Assessment of Breast and Pubic Hair Development (5 Tanner Stages) by Age
Daughter’s Age (y)

Breast Development

Pubic Hair Development

Mean Tanner Stage

10
11
12
13
≥14a
a

Mean Tanner Stage

Weighted κ (95% CI)

Maternal

Self

Weighted κ (95% CI)

Maternal

Self

0.63 (0.53 to 0.73)
0.60 (0.49 to 0.71)
0.45 (0.33 to 0.58)
0.61 (0.49 to 0.73)
0.40 (0.14 to 0.67)

1.7
2.1
2.9
3.5
3.9

1.9
2.3
3.0
3.6
4.0

0.65 (0.55 to 0.75)
0.58 (0.47 to 0.68)
0.59 (0.48 to 0.70)
0.61 (0.44 to 0.77)
0.43 (0.09 to 0.77)

1.6
2.1
3.1
4.0
4.4

1.9
2.5
3.4
4.0
4.5

Ages 14, 15, and 16 were combined because only 34 girls were aged ≥14 y at recruitment.

TABLE 6 Agreement Between Maternal and Self-Assessment of Pubic Hair Development in Girls Aged ≥10 Years
Description
All girls, aged ≥10
Breast cancer family history
Positive
Negative
BMI percentile
≥85th
<85th
Race/ethnicity
Non-Hispanic white
Hispanic
Non-Hispanic black
Asian
Other

Tanner Staging—5 Categories

Tanner Stage T2+ vs. T1

n

κ (95% CI)

Weighted κ (95% CI)

κ (95% CI)

436

0.57 (0.51 to 0.62)

0.72 (0.68 to 0.76)

0.69 (0.61 to 0.77)

234
202

0.57 (0.50 to 0.65)
0.55 (0.47 to 0.64)

0.74 (0.69 to 0.80)
0.69 (0.63 to 0.76)

0.65 (0.52 to 0.77)
0.73 (0.62 to 0.84)

83
337

0.54 (0.41 to 0.67)
0.57 (0.51 to 0.64)

0.70 (0.59 to 0.80)
0.73 (0.68 to 0.77)

0.75 (0.55 to 0.94)
0.69 (0.60 to 0.78)

261
85
34
44
12

0.58 (0.51 to 0.65)
0.49 (0.35 to 0.62)
0.55 (0.34 to 0.76)
0.53 (0.35 to 0.71)
0.68 (0.37 to 0.99)

0.73 (0.67 to 0.78)
0.63 (0.52 to 0.75)
0.74 (0.61 to 0.87)
0.71 (0.59 to 0.83)
0.77 (0.53 to 1.00)

0.69 (0.59 to 0.79)
0.73 (0.47 to 0.98)
0.64 (0.18 to 1.00)
0.55 (0.31 to 0.79)
1.00 (1.00 to 1.00)

by family history, race/ethnicity, and
study site (Table 6). Girls were more
likely to report a higher pubic Tanner
stage compared with their mother
(Table 5, and also Supplemental
Table 9 for details).

DISCUSSION
Our study demonstrates that the
validity of assessments of pubertal

development milestones differs by
source of information. Compared
with clinical reports, both mothers
and daughters were more likely to
underreport breast Tanner stage.
Compared with the gold standard
of clinical assessment, maternal
assessment had a higher sensitivity
and higher specificity in girls aged
10 years. At age ≥11 years, selfassessment had a higher sensitivity
and specificity for breast Tanner

staging compared with clinical
report. Our results suggest that
maternal assessment of breast onset
before age 11 years is more accurate
compared with self-assessment. For
girls aged ≥11 years, self-assessment
is more accurate. We did not have
a clinical assessment for pubic hair
development. Maternal and selfassessment had moderate
agreement and had a similar range
for both breast and pubic Tanner
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assessment. Girls were much more
likely to report higher breast and
pubic hair stage. Therefore, studies
using only maternal assessment in
older girls will result in a higher
average age at these pubertal
milestones.

Accuracy of Breast Development
Versus Clinical Assessment as Gold
Standard
Agreement between clinical raters
was almost perfect in our study, with
κ ranging from 0.85 to 1.00 for T1 to
T5 and 0.94 to 1.00 for T2+
compared with T1. These κ values
were slightly higher than those
reported in other studies, where
estimates have ranged from 0.67
to 0.90, indicating substantial
agreement,20,21,32,33,39 with some
exceptions.40 We found that almost
three-quarters of mothers accurately
assessed breast Tanner stage
compared with the clinical assessment.
Mothers are generally found to be
more reliable reporters of breast
development than daughters, compared with physician ratings.32,41
In contrast, the majority of the girls
in our study did not correctly stage
their own breast development,
which is consistent with other
small studies of girls with similar
age ranges.40,42,43 In our study, girls
tended to underreport their own
breast development, perhaps as a
result of embarrassment about bodily
changes and breast development
during puberty.44 The literature on
bias in self-assessment has been
inconsistent,32,33,43 but there is some
evidence that suggests that age and
stage of development influence
the direction of bias, with younger,
less developed girls more likely to
overestimate breast development
and older, more developed girls
more likely to underestimate
breast development.43,45,46 We
observed that girls aged ≥11 years
were more accurate compared with
the clinical gold standard than their
mothers.

Maternal Versus Self-Staging of
Pubic Hair Development
We assessed agreement between
maternal and self-assessment for
pubic hair measurements but did
not have clinical measurements for
validity. Previous studies comparing
clinical and self-assessment reported
agreement ranging from 0.37 to
0.91.40,43,45–47 Previous studies
have shown a wide range of
accuracy for self-assessed pubic hair
staging,40,45,47,48 although 2 studies
that also examined mother report
suggest that self-staging may be
more reliable than maternal staging
for pubic hair development.33,41 We
found that girls were more likely to
report a higher stage of pubic hair
development than their mothers.

Age-Related Differences
Between Maternal and
Self-Assessments
Our study can help reconcile
opposing conclusions between 2
recent reports on the reliability
and validity of Tanner staging in
contemporary cohorts. In a Danish
study, the authors argued that
although clinical measures are
preferred, self-assessments could
be used in large epidemiologic
studies if the main purpose was
to determine whether the onset of
puberty occurred (breast Tanner
2+ vs T1).33 The Chilean study
concluded that maternal reports
could be used for cohorts without
clinical measures and that these
maternal measures did not differ by
the daughters’ BMI.32 Our findings
help explain the different conclusions
from these studies because the
Danish study was conducted in
older girls (median age 10.9, range
6.2 to 14.7),33 compared with ours
(median age 9.5, range 6.0 to 15.1).
In our older girls, we also found that
self-assessments are preferred for
greater accuracy. We disagree with
the conclusion of the Danish study33
that epidemiologic studies can use
self-assessment for distinguishing

between prepuberty (T1) and
puberty (T2+). The higher sensitivity
and specificity for pubertal onset in
the Danish cohort, which concluded
that self-assessment is accurate, is
based on an older age distribution
and a much smaller percentage
of their cohort still in prepuberty.
Comparing the 3 studies in terms
of percentage of girls still in
prepuberty (T1) determined by
clinical assessment, the Chilean
study had 83.9% of girls still in
T1, compared with 56.4% in our
study and only 19.8% in the
Danish study. Thus, self-assessment
may be useful for older girls in
terms of the feasibility of data
collection and more accurate than
maternal assessment for girls aged
≥11 years based on our results, but
it may be less useful for determining
the onset of puberty, which, for
many girls, takes place at younger
ages.

Other Factors Affecting Accuracy
and Agreement
After considering the age differences
discussed earlier, only BMI was
related to the discordance in our
study between maternal and
clinical assessments. A previous
study reported poor reliability
between clinical and self-staging in
overweight girls,42 but others did
not.32,33 In overweight girls with
more fat tissue, it may be especially
difficult to distinguish glandular
breast tissue from fat tissue using
visual assessment only.42 We
overcame this limitation through our
clinical ratings, which used visual
assessment with palpation when
necessary.49 However, our maternal
and self-assessments differed from
the clinical assessments, particularly
in overweight girls. Thus, we
disagree with the conclusion by the
Chilean study32 that mothers can
be used when clinical assessments
are not available without adjusting
the maternal assessments for the
level of sensitivity and specificity.
Maternal and self-staging of pubic
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hair development did not differ by
BMI, likely a result of body size not
influencing the appearance of pubic
hair.
We also assessed whether accuracy
differed by family history of breast
cancer, given the higher breast cancer
worry compared with those without
a family history.50,51 The sensitivity
of maternal assessment for breast
Tanner stage was modestly higher in
families with a breast cancer family
history than in families without (80%
vs 74%), but this difference was not
statistically significant. Similar to an
earlier study,52 we did not observe
statistically significant differences
in reliability and validity by race/
ethnicity. Because most girls at the
New York and Utah study sites were
non-Hispanic white or Hispanic, we
lacked sufficient statistical power to
detect differences in maternal report
of breast development for other
racial/ethnic groups. Other studies in
more diverse populations have found
that black or Hispanic adolescents
were less accurate in staging their
breast and pubic hair development
than were non-Hispanic white
adolescents.40,48
Our results suggest that findings
from studies that rely on maternal
or self-staging of pubertal
development may be biased.
Validity studies such as ours can
be used to adjust the estimates
from epidemiologic studies because
they can be used to determine

the direction and the magnitude
of the bias.53,54 We illustrate this
by using the data reported from
the Chilean study that stratified
reliability measures by child’s BMI
and observed a similar κ between
maternal assessment and clinical
assessment (by trained personnel)
for overweight girls as for average
weight girls (κ = 0.74 compared
with κ = 0.71, respectively).32
Even though they reported similar
reliability measures, the validity
measures using the results from the
trained personnel were different
(sensitivity = 0.87 and 0.92 for
average weight and overweight
girls, specificity = 0.94 and 0.90,
respectively). Thus, using maternal
reports in this case would result in
a higher estimate of the association
between being overweight and
breast onset (OR = 1.39, 95% CI
0.82 to 2.3) compared with the
association using the results
from the clinical assessment
(OR = 1.18, 95% CI 0.66 to 2.12).
Thus, validity studies conducted
within a subcohort provide
essential data to understand
the impact of measurement
error when clinical assessments
are not available for the entire
cohort. Our study did not have a
clinical assessment for pubic hair
development, and thus our validity
findings were limited to breast only,
whereas our reliability findings
evaluated both breast and pubic
hair development.

CONCLUSIONS
Our findings have implications
for the interpretation of pubertal
development data across
pubertal cohorts because many
collect information on pubertal
development only from a single
source20,21,28–30 and/or change
sources over time.31 Specifically,
our results support that for breast
development, maternal report is
more accurate for girls younger than
11 years and that self-assessment
alone should not be used in
epidemiologic studies of pubertal
onset. For girls aged ≥11 years,
self-assessment is more accurate
for breast development. In studies
lacking clinical breast Tanner for the
whole cohort, sensitivity analyses
adjusting for the validity of maternal
and self-assessments should be
used to understand the impact
measurement error may have on the
overall study conclusions.
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