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Relative Weight and Race Influence Average Age at Menarche:
Results From Two Nationally Representative Surveys of

US Girls Studied 25 Years Apart

Sarah E. Anderson, MS*; Gerard E. Dallal, PhD*‡; and Aviva Must, PhD*§

ABSTRACT. Objectives. 1) To establish with nation-
ally representative US data whether menarche occurred
earlier in the 1990s than it had 25 years before. 2) To
assess whether the occurrence of menarche in relation to
weight status and race had changed over this time period.

Methods. Relative weight, race, and menarcheal sta-
tus of girls in the National Health Examination Survey
cycles II and III (1963–1970) were compared with results
from the Third National Health and Nutrition Examina-
tion Survey (1988–1994). Probit analysis was used to de-
termine the average age at menarche during the 2 survey
periods. Logistic regression was used to assess the asso-
ciation of relative weight to likelihood of having reached
menarche.

Results. The average age at menarche dropped from
12.75 to 12.54 years, and the percentage of girls between
10 and 15 years old who were above the 85th percentile
for body mass index increased from 16% to 27% over the
25 years between the 2 surveys. Higher relative weight
was strongly associated with increased likelihood of hav-
ing reached menarche after controlling for age and race.
Black girls had a lower average age at menarche than did
white girls, which was independent of the effect of rel-
ative weight.

Conclusions. These analyses from 2 nationally repre-
sentative samples of US girls suggest a drop of about 21⁄2
months in the average age of menarche during the time
period between 1963–1970 and 1988–1994. This was par-
alleled by a concurrent shift in the population distribu-
tion of body mass index z-score toward higher relative
weights. Pediatrics 2003;111:844–850; puberty, menarche,
adolescents, obesity, overweight, body mass index, na-
tional surveys

ABBREVIATIONS. PROS, Pediatric Research in Office Settings;
BMI, body mass index; NHES, National Health Examination Sur-
vey; NHANES III, Third National Health and Nutrition Examina-
tion Survey; CDC, Centers for Disease Control and Prevention; CI,
confidence interval.

Considerable attention has been given in the
popular press to the issue of early puberty.1–3

Much of this interest appears to have been
sparked by 2 reports from the Pediatric Research in
Office Settings (PROS) study.4,5 This study of
�17 000 3- to 12-year-old girls studied in pediatri-
cians’ offices during 1992 and 1993 found that the
average age at menarche, based on a cross-sectional
probit analysis, was 12.16 years in African-American
girls and 12.88 years in white girls.4 Relative body
weight, assessed as body mass index (BMI), was
associated with breast development.5 Heavier girls
were more likely to exhibit breast development than
were leaner girls, an effect that was stronger for
white girls than for African-American girls.5 Based
on the results of the PROS study, it has been sug-
gested that the clinical definition of precocious pu-
berty be revised downward.6

The average age at menarche of girls in the United
States and Europe has declined from an average of
greater than 14 years before 19007; this decline is
generally attributed to improved nutrition and socio-
economic status of the population.8 However, the
data to support this conclusion derive primarily from
small, nonrepresentative samples, with age at men-
arche often collected retrospectively. In 1973, the av-
erage age at menarche in the United States, investi-
gated using nationally representative data from the
National Health Examination Survey (NHES), was
reported as 12.76 years; stratified by race, the average
age at menarche was calculated as 12.80 years for
whites, and 12.52 years for blacks.9 Racial differences
in maturational timing have been observed consis-
tently in nationally representative and clinical sam-
ples, across time, and using different study de-
signs.10–12

That adiposity is associated with maturational tim-
ing is well-established, although the mechanism is
not.11–15 Whereas Frisch’s hypothesis of a critical
level of body fat as a necessary trigger for men-
arche15,16 has been controversial,17–19 the association
between increased relative weight and earlier men-
arche has been documented in both cross-sectional
and longitudinal studies.11,12,14,15,20

The prevalence of obesity in children in the United
States is increasing. In the Third National Health and
Nutrition Examination Survey (NHANES III) con-
ducted between 1988 and 1994, 11% of children 6 to
17 years old were overweight (BMI �95th percen-
tile).21 This represented an increase of �5% from the
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NHES conducted during the 1960s.22 Differences in
overweight prevalence were apparent by race during
NHANES III; non-Hispanic black and Mexican
American youth were more likely to be overweight
than were non-Hispanic whites.21

Despite recent increases in the prevalence of over-
weight among US children, and the long understood
association between sexual maturation and adiposi-
ty,23,24 the role of relative weight as a possible ex-
planatory factor for the secular trend toward earlier
puberty has been advanced but not empirically eval-
uated. Our objectives for this report were 2-fold: first,
to establish with nationally representative US data
whether menarche occurred earlier in the 1990s than
it had 25 years earlier; and second, to assess whether
the occurrence of menarche in relation to race and
weight status had changed over this time period.

METHODS
Data from 2 surveys representative of the civilian noninstitu-

tionalized US population were used in these analyses. Cycles II
and III of the NHES were conducted between 1963–1965 and
1966–1970 (children ages 6–11 years old, and youth ages 12–17
years old, respectively); in this report, we will use the term NHES
to indicate cycles II and III combined unless we specify the cycle
to which we are referring. The NHANES III was conducted be-
tween 1988–1994, and included subjects in infancy through old
age. Survey design and operations have been described in detail
elsewhere.25–27 Data from NHES are available from the Inter-
University Consortium for Political and Social Research, P.O. Box
1248, Ann Arbor, Michigan 48106. Data from NHANES III are
available online at http://www.cdc.gov/nchs/nhanes.htm.

The analytic sample used in this report included 1109 girls 10
years old and above at last birthday from NHES cycle II, of which
1076 (97%) had complete data, and 2218 girls 12 to 15 years old at
last birthday from cycle III, of which 2196 (99%) had complete
data. The 2 cycles, when combined, provide a sample of 3272.
There were 1025 girls included in cycle III who had also been
surveyed in cycle II. Thirty-nine girls from NHES cycle II who
were older than 12 years at the time of examination were excluded
from the cycle-specific logistic regression analyses.

The NHANES III analytic dataset included girls between the
ages of 10 years, zero months, and 15 years, 11.99 months who had
complete data on menarcheal status, age at examination, height,
weight, and race. All 15-year-old girls in NHANES III were men-
archeal, as were 98% of 15-year-old girls in NHES. Therefore, we
restricted analyses to girls who were between the ages of 10 and 15
at their last birthday. A lower limit of age 10 was applied for
comparability between the 2 samples. In NHANES III, girls under
10 years old were not directly questioned about menarcheal status.
Because �4% of 10-year-old girls in NHANES III had reached
menarche, the proportion of girls younger than 10 who were men-
archeal would likely have been very small. The NHANES III
sample included 1414 girls who were between 10 and 15 years old
at last birthday. Sixty-five girls, evenly distributed across age,
were missing data on menarcheal status. An additional 23 girls
were missing data on either height or weight, providing 1326
(94%) for inclusion in this report.

Menarcheal status was determined by a single question. NHES
cycle II asked of parents “Have her monthly periods started?” and
NHES cycle III asked of parents “Have her monthly periods
(menstruation) started?” In NHES cycle III, the girl herself also
reported on her menarcheal status and percentage of agreement
between the self and parental reports was high (96% agreement,
Kappa � 0.93; S. E. Anderson, unpublished observations). In
NHANES III, girls themselves were asked, “How old were you
when your periods or menstrual cycles started?” with a response
option of “have not started yet.” Data were coded to indicate
whether or not each girl had reached menarche at the time of the
interview.

The physical examination in NHES and NHANES III included
a standardized measurement protocol for weight and standing
height. BMI was calculated as weight in kilograms divided by

height in meters squared. Relative weight was defined based on
an age-specific BMI z-score for each girl derived using the Centers
for Disease Control and Prevention’s (CDC) BMI-for-age percen-
tiles.28 BMI z-score was calculated as (((BMI/M)L) � 1)/L*S,
where M is the median, S is the standard deviation, and L is a
skewness parameter.28 The LMS constants are available at the
CDC’s website: www.cdc.gov/growthcharts. A BMI z-score above
1.036 corresponds with a BMI-for-age above the 85th percentile,
and a z-score above 1.645 indicates a BMI above the 95th percen-
tile. These cut-points were used to calculate the prevalence of girls
who were at risk for overweight (�85th percentile) or overweight
(�95th percentile) in the NHES and NHANES III populations. The
cut-points and the accompanying terminology are based on rec-
ommendations from an expert consensus conference that over-
weight in children 2 through 20 years old be defined as a BMI
above the 95th percentile for the child’s age and sex, and at risk for
overweight be defined as a BMI above the 85th percentile.21,29,30

In our analyses, race was coded as black, white, or other. In
NHES, race was determined by interviewer observation and con-
firmed, when possible, by birth certificate; options were “white,”
“Negro,” or “other.” In NHANES III race was self-reported; op-
tions were “white,” “black,” and “other.” Ethnicity was assessed
in NHANES III, but there was no comparable categorization avail-
able in NHES. Hispanics are included within the white, black, and
other racial categories in these analyses based on subject’s self-
report of race (NHANES III) or as determined by interviewer
assessment of race (NHES).

To account for the complex survey design, sample weights
were used in all analyses.31 Prevalence estimates and standard
errors for each age and survey were calculated with SUDAAN
version 7.5 (Research Triangle Institute, Research Triangle Park,
NC). Independent samples t tests were conducted to compare BMI
z-scores for premenarcheal and postmenarcheal girls for each age
group and survey. All tests were performed at the 2-sided .05 level
of significance.

To calculate the average age at menarche in the United States
during 1963–1970 (NHES) and 1988–1994 (NHANES III) we fit
probit models to the proportion of girls at each age who had
reached menarche.32 This method, sometimes referred to as the
status quo method,9,14 was used to calculate the average age at
menarche in the population during NHES and NHANES III. The
status quo method requires a cross-sectional sample of girls who
are between the ages when menarche typically occurs. The per-
centage of girls at each age who are menarcheal was determined;
these percentages were then fit to a cumulative normal curve
where the population median age at menarche is the correspond-
ing age at which 50% of girls in the population would be predicted
to be menarcheal. We used a probit model, with age in months as
the dependent variable, to calculate the population median age at
menarche and the 95% fiducial interval for the 2 survey periods.
Throughout this report we will use the term average age at menarche
to refer to the estimated median age at menarche, and will hence-
forth refer to the 95% fiducial interval as the 95% confidence interval
(CI).33 Models were fit with PROC PROBIT, SAS version 8.1 (SAS
Institute, Cary, NC).

Logistic regression was used to model the association between
the log odds of being menarcheal and BMI z-score, age in months,
and race. BMI z-score and age were continuous variables and race
was a categorical variable (white, black, other), with white as the
reference category. The racial category “other” was included in the
model but was not interpreted. To account for the complex mul-
tistage sampling design, SUDAAN was used to construct individ-
ual models by survey period (NHES cycle II, NHES cycle III,
NHANES III). Interactions between race and BMI z-score were
assessed by testing the statistical significance of interaction terms
added to the logistic regression models.

To assess the effect of changes in the distribution of BMI z-score
and race between NHES and NHANES III on the average age at
menarche in the United States we used a standardization ap-
proach. We combined the data from the 2 cycles of NHES, and
using sample weights, estimated the association between the log
odds of being menarcheal and BMI z-score, age, and race with
PROC LOGISTIC in SAS. Although the standard errors would not
be accurate because of the complex design of the survey, the
parameter estimates from this model are assumed to be valid.34

Using the NHANES III data and this combined NHES logistic
regression model we calculated, for each girl in NHANES III, a
predicted probability of having reached menarche given her age,
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race, and BMI z-score. We then fit a probit model to the mean
probability of having reached menarche for a given age, based on
the NHANES III predicted probabilities, and calculated the pre-
dicted average age at menarche.

RESULTS
The total sample size for NHES is more than twice

that in NHANES III (Table 1). The percentage of the
population of US girls that were classified as white
decreased from 86% to 78% over the �25 years be-
tween the surveys. The BMI of girls between 10 and
15 years old in the United States also increased be-
tween NHES and NHANES III. Figure 1 shows the
distribution of BMI z-scores during each survey pe-
riod. The percentage of girls between 10 and 15 years
old who were above the 85th percentile for BMI
increased from 16% in NHES to 27% in NHANES III.
The mean BMI z-score increased from 0.05 to 0.32.
The distribution of BMI z-scores shifted toward
higher relative weights and became more skewed.
Black girls showed a larger increase in relative
weight between the 2 surveys; for blacks, mean BMI
z-score increased from 0.05 in NHES to 0.50 in
NHANES III, for whites the increase was from 0.05 to
0.31 (data not shown).

In the United States, the percentage of girls at each
age who had reached menarche increased between
NHES and NHANES III (Table 2). A greater propor-
tion of black girls experienced menarche before age
12 compared with white girls, with a similar pattern
of earlier menarche over the time period between the
2 surveys. The average age at menarche in the United
States dropped from 12.75 years (95% CI: 12.69–12.82
years) in NHES to 12.54 years (95% CI: 12.44–12.64
years) in NHANES III. Within racial groups, in
NHES the average age at menarche was estimated to
be 12.80 years (95% CI: 12.73–12.87 years) for whites
and 12.48 years (95% CI: 12.28–12.67 years) for
blacks. In NHANES III the average age at menarche
was estimated to be 12.60 years (95% CI: 12.48–12.71
years) for whites and 12.14 years (95% CI: 11.87–
12.39 years) for blacks.

In both surveys and at all ages, girls who had
reached menarche had a higher mean BMI z-score
than girls who had not reached menarche (Table 3).
Girls under 12 years old who had reached menarche
had a higher mean BMI z-score compared with girls
who had not reached menarche: 0.93 units higher in
NHES and 0.83 units higher in NHANES III (inde-

Fig 1. Distributions of BMI z-score for girls 10 to 15 years old in the NHES 1963–1970 and the NHANES III 1988–1994. BMI z-score based
on the revised CDC BMI for age growth charts.28 The 85th percentile corresponds to a BMI z-score of 1.036. One girl with a BMI z-score
of �4.99 was not included in the NHANES III histogram, but was included in all analyses reported.

TABLE 1. Characteristics of Sample Participants, Girls 10 to 15 Years Old in the NHES (1963–1970) and the NHANES III (1988–1994)

Age
(Years)

NHES NHANES III

N %
White

Height
(cm)

Weight
(kg)

BMI
(kg/m2)

BMI
z-score

N %
White

Height
(cm)

Weight
(kg)

BMI
(kg/m2)

BMI
z-score

10 570 86.0 141.01 (.31) 35.16 (.40) 17.54 (.16) �.11 (.06) 232 77.3 142.68 (.65) 37.91 (1.29) 18.43 (.48) .13 (.13)
11 506 86.9 147.32 (.30) 39.88 (.46) 18.24 (.18) �.10 (.06) 261 78.2 150.16 (.68) 44.15 (1.13) 19.42 (.39) .26 (.12)
12 540 85.3 154.79 (.31) 46.65 (.38) 19.36 (.12) .08 (.04) 223 68.9 155.19 (.72) 48.85 (1.17) 20.19 (.47) .25 (.12)
13 575 85.8 158.34 (.32) 50.40 (.48) 20.02 (.15) .10 (.04) 210 76.2 159.50 (.87) 55.68 (1.60) 21.82 (.62) .46 (.14)
14 581 85.9 160.97 (.30) 54.13 (.40) 20.85 (.13) .17 (.03) 211 83.1 160.87 (.71) 58.27 (1.50) 22.48 (.54) .54 (.11)
15 500 86.2 161.62 (.49) 56.34 (.54) 21.52 (.18) .17 (.05) 189 81.6 162.76 (.67) 58.07 (1.08) 21.91 (.44) .28 (.11)
Overall 3272 86.0 NA* NA NA NA 1326 77.8 155.35 (.42) 50.65 (.70) 20.74 (.24) .32 (.06)

Mean (standard error) is presented. SUDAAN was used to generate estimates and standard errors. NHES cycle II: ages 10,11; NHES cycle
III: ages 12–15. Sample size presented is the unweighted sample size; standardized sample weights were used in all analyses. Age is age
at last birthday. BMI z-score based on the revised CDC BMI for age growth charts.28

* Not available for NHES.

846 AGE AT MENARCHE AND OBESITY IN US GIRLS
 by on November 28, 2009 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org


pendent samples t test, P � .0001 at each time peri-
od).

In logistic regression models for all individual sur-
vey periods (NHES cycle II, NHES cycle III, and
NHANES III), increased BMI z-score was associated
with increased likelihood of having reached men-
arche, after adjusting for age and race (Table 4). Black
race was an independent predictor of likelihood of
having reached menarche in the NHES cycle II and
NHANES III logistic regression models; in NHES
cycle III the association was not statistically signifi-
cant, although the directionality was the same. There
was no evidence of an interaction between race
(black versus white) and BMI z-score during any
survey period.

Based on the standardization of the NHANES III
data to the association of menarcheal status with age,
race, and BMI z-score in NHES, the predicted average

age at menarche in NHANES III was calculated to be
12.56 years (Table 5). This predicted value is very
close to the average age of menarche of 12.54 calcu-
lated for NHANES III.

DISCUSSION
We undertook these analyses to calculate the av-

erage age at menarche from nationally representative
samples of US girls, and to evaluate the influence of
increases in BMI seen in the population over the time
period between the 2 surveys. We found that the
average age at menarche in the United States de-
clined from 12.75 years to 12.54 years between the
NHES and the NHANES III, and that relative weight
was strongly associated with likelihood of having
reached menarche. Our analyses are consistent with
other reports indicating that, on average, black girls
reach menarche sooner than white girls; additionally,

TABLE 2. Percentage of Girls Who Had Reached Menarche in the NHES (1963–1970) and the NHANES III (1988–1994)*

NHES NHANES III

Age N Percent
Menarcheal (%)

SE N Percent
Menarcheal (%)

SE

White 10 4 0.81 .42 8 4.01 3.59
11 49 11.58 1.80 31 12.34 3.60
12 195 42.69 2.56 65 49.49 6.04
13 355 72.95 2.28 104 72.78 6.81
14 437 91.39 1.97 131 98.41 1.01
15 414 98.19 0.55 113 100 –

Average age at menarche 12.80 y 12.73–12.87 12.60 y 12.48–12.71
Black 10 3 3.82 2.12 5 4.38 1.90

11 16 21.64 5.76 25 31.53 6.10
12 47 53.34 7.26 52 57.54 7.89
13 66 74.06 6.84 76 93.45 2.75
14 93 93.53 2.03 71 97.00 2.09
15 71 99.04 .91 70 100 –

Average age at menarche 12.48 y 12.28–12.67 12.14 y 11.87–12.39
Total population 10 7 1.22 0.41 13 3.89 2.80

11 65 12.80 1.87 57 14.26 2.98
12 245 44.42 2.35 129 51.14 5.09
13 422 73.16 2.24 186 77.03 5.56
14 531 91.70 1.75 208 98.15 .88
15 490 98.32 0.51 193 100 –

Average age at menarche 12.75 y† 12.69–12.82‡ 12.54 y 12.44–12.64

SE indicates standard error.
* Sample size presented (N) is the unweighted number of girls at that age who had reached menarche. Percentage menarcheal and SE were
generated with SUDAAN. Average age at menarche uses the status quo method implemented through a probit analysis with age in
months as the dependent variable.
† Estimate is age at which 50% of girls are predicted to be menarcheal.
‡ 95% confidence (fiducial) interval from probit analysis.

TABLE 3. Mean BMI z-Score in Pre- and Postmenarcheal Girls in the NHES (1963–1970) and the NHANES III (1988–1994)*

Age
(Years)

NHES NHANES III

Premenarcheal Postmenarcheal t (P Value)‡ Premenarcheal Postmenarcheal t (P
Value)‡

N BMI z-Score
(SE)

N BMI z-Score
(SE)

N BMI z-Score
(SE)

N BMI z-Score
(SE)

10 563 �0.12 (.06) 7 .93 (.30) 3.41 (.0028) 220 .08 (.13) 12 1.57 (.12) 7.37 (.0000)
11 441 �0.22 (.05) 65 .75 (.13) 8.78 (.0000) 204 .17 (.13) 57 .83 (.18) 2.84 (.0071)
12 295 �0.28 (.07) 245 .52 (.06) 7.82 (.0000) 96 �.15 (.23) 127 .63 (.09) 2.99 (.0050)
13 153 �0.56 (.07) 422 .34 (.04) 10.83 (.0000) 29 �.33 (.29) 181 .71 (.10) 3.70 (.0007)
14 50 �0.85 (.13) 531 .26 (.04) 8.57 (.0000) 10 �.45 (.57) 201 .56 (.11) 1.79 (.0844)
15 10 �1.01 (.39) 490 .19 (.05) 3.08 (.0059) 0 — 189 .28 (.11) —

SE indicates standard error.
* Mean (SE) is presented. SUDAAN was used to generate estimates and SEs. NHES cycle II: ages 10,11; NHES cycle III: ages 12–15. Sample
size presented in table is the unweighted sample size; standardized sample weights were used in all analyses. Age is age at last birthday.
BMI z-score based on the revised CDC BMI for age growth charts.28

‡ P value of t test comparing BMI z-score in pre- and postmenarcheal girls of the same age.
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we found no evidence to indicate that the observed
earlier age at menarche among black girls was attrib-
utable to a larger proportion of black girls being
overweight.

Based on NHANES III, the most recent dataset
representative of US girls from which estimates of
the average age at menarche can be calculated, the
average age at menarche of 12.54 years represents a
decrease of �21⁄2 months over the 25 years between
the 2 surveys. During the same time period, the
percentage of 10 to 15-year-old girls in the United
States who were above the 85th percentile for BMI
increased from 16% to 27%.

Previous estimates of the average age at menarche
using data from NHES have been published and our
analyses agree well with those results despite slight
differences in analytic approach.9 We are not aware
of published estimates of the average age at men-
arche using NHANES III data, except for 1 brief
report by Lee et al.35 Data from the PROS study,
collected between 1992 and 1993, indicated an aver-
age age at menarche of 12.9 years for whites and 12.2
years for blacks,4 slightly higher than our NHANES
III estimates of 12.6 years for whites and 12.1 years
for blacks. Although the NHANES III sample size is
smaller than that of the PROS study, the NHANES III
sample is nationally representative and includes girls
over the full age range at which menarche occurs.
The PROS study was conducted in pediatricians’
offices and included girls only through age 12. Al-

though the status quo method can estimate the av-
erage age at menarche even when data are observed
for only a portion of the age range over which men-
arche occurs, these estimates will be particularly sen-
sitive to the assumption that the data fit a cumulative
normal curve.36

Our analyses of 2 nationally representative sur-
veys provide estimates of the average age at men-
arche that can be validly compared across time. We
used the CDC modified growth reference28 to calcu-
late BMI z-score in both surveys from measured
height and weight. Use of a standard growth refer-
ence in the 2 surveys further increases the compara-
bility of the results. Although it is possible that there
is misclassification of menarcheal state, the status
quo method is unlikely to be biased because it relies
on the report of whether or not menarche, a salient
event, has occurred.

Research consistently indicates that overweight is
associated with earlier menarche.37–39 Girls with a
higher percentage of body fat are more likely to
reach menarche at a younger age than are leaner
girls. Our cross-sectional analyses of pre- and post-
menarcheal girls in NHES and NHANES III are sup-
portive of this as well. At any age, and in both survey
periods, postmenarcheal girls had a higher average
relative weight compared with their premenarcheal
peers. We observed a positive association between
BMI z-score and likelihood of having reached men-
arche in both NHES and NHANES III. Based on the
NHANES III logistic regression model, for 2 girls of
the same age and race, 1 at the 50th percentile for
BMI and the other at the 85th percentile, the heavier
girl would be �2.4 times more likely to have reached
menarche than the leaner girl.

As has also been shown by others, race was an
independent predictor for having reached men-
arche.11,12 Black girls were more likely than white
girls to have reached menarche, after controlling for
age and BMI z-score. Given that the black female
population has shown a more dramatic rise in prev-
alence of overweight than has the white female pop-
ulation in the United States, one might hypothesize
that the lower age at menarche seen in blacks is
due only to increased body weight. However, our
analyses do not support this conclusion. Race had

TABLE 4. Logistic Regression Models Predicting Menarcheal Status With Age, Race, and Relative
Weight for the NHES Cycles II and III, 1963–1970 and the NHANES III 1988–1994

Variable Parameter
Estimate

Standard
Error

�2

Value
�2

Significance
Odds
Ratio

BMI z-score
NHES cycle II 1.04 .17 38.40 .000 2.8
NHES cycle III 1.10 .07 163.49 .000 3.0
NHANES III .86 .16 27.80 .000 2.4

Race: black versus white
NHES cycle II 1.01 .34 9.08 .003 2.7
NHES cycle III .31 .19 2.70 .100 1.4
NHANES III .76 .31 5.83 .016 2.1

Age in years
NHES cycle II 2.66 .41 41.42 .000 14.3
NHES cycle III 1.54 .09 267.94 .000 4.7
NHANES III 1.81 .16 130.87 .000 6.1

All estimates are from SUDAAN. The model includes age, black race, other race, and BMI z-score.
Other race was included in the models above, but estimates for other race are not presented.

TABLE 5. Predicted Probabilities for Having Reached Men-
arche Based on the NHES (1963–1970) Associations Between
Menarche, Age, Race, and Relative Weight, and the NHANES III
(1988–1994) Distributions of Age, Race, and Relative Weight

Predicted Proportion

Age
10 0.04
11 0.18
12 0.47
13 0.80
14 0.95
15 0.99

Predicted average
age at menarche 12.56 y*

* Predicted average age at menarche from probit analysis; 95% CI:
12.45–12.67.
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an independent effect on the likelihood of having
reached menarche in the NHES cycle II and
NHANES III models, after controlling for BMI z-
score and age. In NHANES III, after controlling for
age and BMI z-score, black girls were twice as likely
to have reached menarche compared with white
girls.

Our analyses of the most recent nationally repre-
sentative data indicate that the secular trend of de-
creasing average age at menarche in the United
States continues. Historically, many factors have
been posited to contribute to the trend toward earlier
age at menarche, including temperature and hu-
midity, light, altitude, month of birth, nutrition,
psychology, hygiene, and genetics.8 More recently,
phthalates,40 environmental estrogens,41 endocrine
disruptors,42 perinatal growth,43 single parenting,44

and stress45 have been implicated as contributors to
the trend toward an earlier population average age at
menarche. Whereas it is overly simplistic to assert
that a lower population age at menarche is due to
any single factor, the large increase in overweight in
the United States during the later part of the 20th
century likely represents a major contributor to the
observed secular decrease in average age at men-
arche.

We hypothesized that had the population during
NHES been “like” the population during NHANES
III, in terms of BMI z-score and race, then the pre-
dicted average age at menarche during NHES would be
similar to the 12.54 years calculated in NHANES III.
To test this hypothesis, we calculated hypothetical
predicted probabilities, using the NHANES III dis-
tributions of BMI z-score, race, and age and the
NHES logistic regression model. The results of our
analysis confirmed this hypothesis: the predicted av-
erage age at menarche during NHES was 12.56 years.
This suggests that the actual decrease observed be-
tween NHES and NHANES III of �2.5 months is as
expected given the changes, particularly in over-
weight, in the US population between 1963 and 1994.

Several limitations of the current analyses are
noteworthy. First, NHES was not a single survey.
The data on 10- and 11-year-old girls (cycle II of
NHES) were collected an average of 3 years before
the data on 12- to 15-year-old girls (cycle III of
NHES), and approximately one third of the girls
studied in cycle II were restudied in cycle III. It was
not possible to account for the complex sample de-
sign of the surveys with the data from cycles II and
III combined. Therefore, the logistic regression mod-
els to determine the effect of relative weight status on
log odds of being menarcheal were estimated sepa-
rately for each cycle of NHES. Second, given that the
sample size of NHANES III is less than one half that
of NHES, estimates from NHANES III have larger
standard errors compared with NHES, particularly
when results are stratified by race. Third, BMI is not
a direct measure of adiposity; however, when anal-
yses were repeated using a cut-point of BMI above
the 85th percentile, the interpretation of the results
did not change. Fourth, there were some minor dif-
ferences in methodology across the surveys: 1) men-
archeal status was determined by self-report in

NHANES III, and by parental-report in NHES; how-
ever, in a subsample of NHES girls who had both
parent report and self report of menarcheal status,
the percent agreement was high; and 2) it is possible
that definitions of race in the United States have
changed slightly between NHES and NHANES III,
although we assume that any misclassification
caused by definitional changes will be much smaller
than the shift in the distribution of race between the
2 survey periods. Finally, we believe that although a
standardization to arrive at a predicted average age at
menarche provides useful information in assessing
the effect of increasing overweight on maturational
timing in the United States, this analysis should not
be interpreted as precluding the possible role of
other environmental influences on menarche, nor as
negating the independent effect of race.

CONCLUSIONS
Between the time of the NHES (1963–1970) and the

NHANES III (1988–1994), the population average
age at menarche in US girls dropped from 12.75
years to 12.54 years. During this same interval, the
percentage of girls 10 to 15 years old with a BMI
above the 85th percentile for age increased from 16%
to 27%. Increased BMI is associated with increased
likelihood of being menarcheal, adjusted for age and
race. Additionally, black girls are more likely to
reach menarche before white girls of the same age
and relative weight. We found no evidence to sug-
gest that the lower average age at menarche ob-
served in blacks during both survey periods was due
to a higher prevalence of overweight among black
girls. The changes in relative weight and racial dis-
tributions that occurred in the US population repre-
sent a tenable explanation for the observed decrease
in average age at menarche in the United States
between these 2 nationally representative surveys.
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