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The present study investigated pubertal development in girls with maltreatment histories (N 5 100), assessed at 4 time
points over 2 years, beginning in the spring of their final year of elementary school. This sample is unique in that par-
ticipants were subject to an unusual level of environmental risk early in life and resided in foster care at the start of the
study. Analyses replicated the previously established association between sexual abuse and earlier onset of maturation and
earlier age at menarche. Physical abuse was related to a more rapid tempo of pubertal development across the period
assessed. These results strengthen previous investigations of childhood maltreatment and puberty, highlighting the
complexity and specificity of early life experiences for later development.

As a developmental stage, puberty represents a time
of personal, biological, social, and emotional trans-
formation. There is considerable individual vari-
ability in both the timing and rate of physical
development (Marshall & Tanner, 1969), and it is a
well-replicated phenomenon that physical matura-
tion is accelerated in girls whose early life experi-
ences are marked by social risks and disadvantages.
This has triggered considerable interest in the role of
early childhood stress in pubertal development; it is
of particular salience as early physical maturation
compared with peers serves as a harbinger for a
wide variety of psychological and medical difficul-
ties later in life (see Costenbader, Feskanich, Stamp-
fer, & Karlson, 2007; Laitinen, Power, & Järvelin,
2001; Mendle, Turkheimer, & Emery, 2007).

The present paper investigates the timing and rate
of pubertal maturation in a sample of girls in foster
care. Three separate bodies of research literature
suggest this sample might provide a unique oppor-

tunity to bolster our understanding of the relation of
early life stress with physical maturation. The first
relevant literature is the research on childhood mal-
treatment. Girls who experience child sexual abuse
(CSA) tend to have earlier ages of menarche than
girls who have not experienced sexual abuse (Berg-
evin, Bukowski, & Karavasilis, 2003; Romans, Mar-
tin, Gendall, & Herbison, 2003; Turner, Runtz, &
Galambos, 1999; Wise, Palmer, Rothman, & Rosen-
berg, 2009). In a seminal paper, Trickett and Putnam
(1993) proposed that the trauma of CSA introduces
physiological as well as psychological consequences
for children, accelerating maturation by activating
the hypothalamic – pituitary – adrenal (HPA) and
hypothalamic – pituitary – gonadal (HPG) axes pre-
maturely. The resulting stress-induced alterations in
hormones explain not only timing of maturation, but
some of the aggressive and sexualized behavior that
tends to emerge in CSA victims. In accordance with
this, a number of studies have confirmed dysregu-
lation of the HPA axis in women with a history of
sexual abuse (e.g., Heim & Nemeroff, 2001; Heim
et al., 2000; Putnam & Trickett, 1997). A relation
between childhood physical abuse and early matu-
ration has also been observed, though less robustly
and less consistently than for sexual abuse (Bergevin
et al., 2003; Wise et al., 2009), and studies do not
always control for the possibility of concurrent
sexual abuse (e.g., Romans et al., 2003).

Second, sociobiological models of maturation seek
to explain individual differences in pubertal timing
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in terms of an evolved, psychophysiological re-
sponse to stressful family environments (e.g., Belsky,
Steinberg, & Draper, 1991; Ellis, 2004; Surbey, 1990).
Children whose early social environments are char-
acterized by high levels of conflict, absent parents,
poverty, harsh or inconsistent discipline, and poor
parent – child relationships learn that the world
is precarious, resources scarce, and relationships
untrustworthy. Under such conditions, an earlier
physical development isFevolutionarily speak-
ingFreproductively advantageous. Children there-
fore mature in such a way that speeds puberty and
the onset of child-bearing, tending to be oriented
toward mating and erratic romantic partnerships
rather than high-quality investments in their own
relationships and offspring.

Lastly, the concept of ‘‘weathering’’ has been
proposed to understand why some populations
age more swiftly and detrimentally than others
(Geronimus, 1994, 2001). ‘‘Weathering’’ is a type of
premature aging believed to be a consequence of
racial, ethnic or socioeconomic group disadvantages,
which constrain health care and create daily envi-
ronments that demand considerable physical and
emotional resources. Although much of the research
on weathering concentrates on health disparities
among groups later in life, it has been suggested that
early menarche in girls from disadvantaged back-
grounds may reflect one of the earliest signals that
weathering begins in childhood (Foster, Hagan, &
Brooks-Gunn, 2008).

Collectively, these three bodies of literature pro-
vide convergent evidence that children with stressful
life experiences are likely to have an earlier timing of
maturation than those who do not. While each posits
a different pathway by which acceleration is believed
to occur, the goal of the present paper is not to ex-
amine or contrast these pathways. Rather, we aim to
deepen understanding of the relation between early
life stress and pubertal development by examining
pubertal maturation in an unusual and underre-
searched sample: girls with histories of child mal-
treatment and placement in foster care. This sample
provides a rich lens for considering stress and pu-
berty, as the girls have been subject to severe and
diverse risks during childhood. In fact, the stress
history of these girls far exceeds that of participants
in all previous studies of timing of puberty and early
life experiences. Our work additionally extends prior
research by utilizing documented histories of child-
hood maltreatment drawn from child welfare re-
cords; virtually all of the extant literature in this field
relies on retrospective self-reports, which have been
critiqued for their differing interpretations of abuse

(Bergevin et al., 2003). We are therefore able to ex-
amine multiple forms of documented maltreatment
within a single sample.

Because of the dearth of research examining
pubertal maturation in maltreated populations, the
present study is primarily exploratory in nature.
Analyses are guided by three main aims. First, we
aim to establish a basic understanding of the timing
and tempo of pubertal development in this popula-
tion. We utilize a continuous measure of maturation
representing changes in skin, body hair, and breast
development collected at four time points. Second,
we distinguish among a variety of different stress-
ful early life experiences, to clarify whether the
magnitude of the stress – puberty association varies
according to the type of risk. Third, we estimate
the relation of these different stressors with age
at menarche. This allows for a cross-validation
of findings with a different measure of pubertal
timing.

METHOD

Participants

Eligible study participants comprised girls living in
state-supported foster homes in one of two counties
containing major metropolitan areas in the Pacific
Northwest and who were finishing elementary
school between 2004 and 2007. The girls were re-
ferred through the local child welfare systems. From
the pool of participants who met the above criteria
(N 5 145), 100 girls and their foster parents were re-
cruited during the spring of their final year of ele-
mentary school. Recruitment occurred on a rolling
basis for 4 years, and ceased when enrollment
reached 100 participants. The participants were part
of a longitudinal intervention trial in which girls
were randomly assigned to a behavioral support
intervention condition (n 5 48) or to a regular foster
care control condition (n 5 52; Chamberlain, Leve, &
Smith, 2006). Although intervention effects were not
a focus of the present study, we controlled for in-
tervention condition in our analyses. Foster parent
and caseworker consent and youth assent were ob-
tained for each girl.

The girls were, on average, 11.54 years of age
(SD 5 0.48, range 5 10.44 – 12.92) at the start of the
study. The ethnic distribution was 63% European
American, 14% multiracial, 10% Latino, 9% African
American, and 4% Native American. The mean age
of foster care entry was 7.63 years (SD 5 3.14), and
the mean time in foster care was 2.90 years
(SD 5 2.25). Most girls had experienced more than
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one foster caregiver transition since first placement
(80.8%; M number of foster care placements 5 3.90,
SD 5 3.03, range 5 1.0 – 18.0).

Procedure

Girls and their foster parents were assessed at
baseline (T1) and at 6 months (T2), 12 months (T3),
and 24 months (T4) postbaseline. The assessment
consisted of a standardized interview and question-
naires for each girl and foster parent, an interview
with each girl’s caseworker, and the collection of
child welfare records. The interviews lasted ap-
proximately 2 hours and were aimed at measuring
child and family characteristics, child behaviors, and
parenting practices. Retention rates across the 2-year
study period were high (range: 86 – 93%).

Measures

Childhood maltreatment. The girls’ cumulative
maltreatment experiences at T1 were drawn from
child welfare case records that were coded using a
modified version of the maltreatment classification
system (MCS; Barnett, Manly, & Cicchetti, 1993). This
system allows for the coding of different types of
maltreatment, including physical abuse, sexual
abuse, and physical neglect (e.g., inadequate food
or living conditions). Coders examined child welfare
case records1 to identify incidents of maltreatment,
which (1) had to match the MCS definitions of
maltreatment, and (2) had to be reported by a
mandatory reporter or verified by the child welfare
system caseworker. Training in the use of the MCS
was initially conducted by one of its authors
(Manly). Because of the complexity of the coding
system, two thirds of the cases were double-coded
and then discussed to attain a final consensus rating.
Interrater reliability was computed from the 67% of
files that were double-coded (before consensus
discussions). The average percent agreement for
the number of incidents of each maltreatment
type were acceptable (physical abuse 5 86%, sexual
abuse 5 86%, neglect 5 82%). In addition, coders
attained high levels of agreement (81%) about the
total number of incidents per case.

For each girl, we calculated the number of
incidences of maltreatment for three subtypes:
sexual abuse, physical abuse, and neglect. In this

sample, maltreatment rates were as follows: 56%
had at least one incident of physical abuse, 67%
had at least one incident of sexual abuse, 78% had
at least one incident of neglect, 41% had incidents of
both physical abuse and sexual abuse, 52% had
incidents of both sexual abuse and neglect, 44%
had incidents of physical abuse and neglect, and
32% had incidents of all three maltreatment types.
Although all girls had experienced at least one type
of maltreatment, there was adequate variability in
the frequency of maltreatment incidents, ranging
0 – 6, 0 – 7, and 0 – 13 times for physical abuse,
sexual abuse, and neglect, respectively. Descriptive
information and correlations among all study
variables are provided in Table 1.

Foster care history. Age at first foster care
placement and total number of foster care place-
ments were drawn from child welfare case records.
Descriptive statistics for these variables are included
in sample demographic information, above.

Pubertal development. At all four time points,
girls and their caregivers completed a slightly
abbreviated version of the pubertal development
scale (PDS; Petersen, Crockett, Richards, & Boxer,
1988), comprising three items assessing changes in
body hair, skin (e.g., development of pimples and
acne), and breast growth. Items on the PDS are
measured using a 4-point Likert scale (1 5 no
changes yet, 4 5 seems completed). In this sample, 68%
had at least some body hair growth at T1 (M 5 2.90,
SD 5 1.27), 75% had at least some skin changes at T1
(M 5 2.30, SD 5 0.98), and 89% had at least some
breast growth at T1 (M 5 2.33, SD 5 0.64). The
measures demonstrate significant stability across
time (rs ranged .53 – .58, po.001). For the present
analyses, a pubertal development score was created
by taking the mean of reports of body hair changes,
skin changes, and breast growth from both girls and
their caregivers at each wave.

In addition, at each assessment, each girl was
asked if she had begun menstruating and, if so, her
age in years and months at first menstruation. The
percentage of girls who had reached menarche was
25% (T1), 44% (T2), 61% (T3), and 74% (T4). A T5
follow-up telephone interview inquired about
menarche, among other questions, for the 26 girls
who were still premenarcheal at T4. In this
assessment, 19 girls reported menarche between T4
and the T5 telephone follow-up and 3 girls reported
not reaching menarche by T5. Four additional girls
did not report menarche at T1 and did not return for
any of the subsequent assessments. Of the 96 girls on

1Case files included all information on incidents of child mal-
treatment and family history available to child welfare at the time
of the study.
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whom menarche data were available, 93 had begun
to menstruate and their average age of menarche
was 11.95 years (SD 5 0.97, range: 9.5 – 14.0).

Other variables. T1 age was included as a
covariate to control for age variation and the
association between age and more advanced
pubertal development. Although it seemed unlikely
that intervention condition might influence de-
velopment given that adrenarche typically begins
well before baseline in our study, intervention
condition was controlled for in analyses.

Analytical Strategies

Study Aim 1: What is the timing and tempo of
pubertal development in the sample? We examined
the trajectory of the timing and tempo of pubertal
development using latent growth modeling (LGM;
Meredith & Tisak, 1990). Analyzing longitudinal
data using LGM allows one to characterize both
intraindividual and interindividual differences in
change (McArdle & Nesselroade, 2002). LGM is
especially useful when all individuals are expected
to follow the same general path, as would be

expected in studies of pubertal development. The
unconditional model is represented in the left-hand
half of Figure 1, with PDS scores at each time point
regressed onto a latent factor representing initial
level of development (i.e., the latent intercept) and
a latent factor representing change in the level of
development over the four time points (i.e., the latent
slope). The latent intercept provides a measure of
pubertal timing and the slope provides a measure of
the rate of pubertal development (aka pubertal
tempo). The uneven spacing of the assessments
was controlled by declaring the paths between the
latent slope and the developmental measures to be 0
(T1), .5 (T2), 1 (T3), and 2 (T4).

We fit the LGMs in MPlus (Muthén & Muthén,
1998 – 2009). The models were fit using maximum
likelihood estimation, which can provide unbiased
estimates in the presence of missing data. For each
model, standard measures of fit are reported,
including the w2 value, the comparative fit index
(CFI), the nonnormed or Tucker – Lewis index (TLI),
and the root-mean squared error of approximation
(RMSEA). Typically, CFI and TLI values 4.95,
RMSEA values o0.5, and a nonsignificant w2 indi-
cate adequate fit (Bentler, 1990; Bentler & Bonett,
1980; Bollen, 1989; Hu & Bentler, 1999).

TABLE 1

Correlations and Sample Descriptives

Variable 1 2 3 4 5 6 7 8 9 10 11 12

1. T1 age

2. Intervention condition � 0.11 F

3. Age at first foster care

placement

0.11 � 0.12 F

4. Number of foster care

placements

� 0.09 0.02 � 0.49��� F

5. Number of neglect

incidents

� 0.05 � 0.34���� 0.03 0.07 F

6. Number of physical

abuse incidents

� 0.01 � 0.03 � 0.28�� 0.21� 0.13 F

7. Number of sexual

abuse incidents

0.03 0.04 � 0.27�� 0.34��� 0.05 0.35��� F

8. T1 PDS 0.22� � 0.08 � 0.06 0.09 � 0.12 � 0.08 0.20� F

9. T2 PDS 0.23� � 0.02 � 0.09 0.10 0.01 � 0.07 0.12 0.55��� F

10. T3 PDS 0.36��� 0.01 � 0.05 0.01 � 0.04 0.17 0.16 0.54��� 0.58��� F

11. T4 PDS 0.30�� 0.09 0.06 � 0.01 � 0.24� 0.05 0.04 0.53��� 0.58��� 0.57��� F

12. Age of menarche 0.04 0.03 0.00 � 0.05 0.12 0.04 � 0.24�� 0.37��� � 0.45��� 0.33�� � 0.29�� F

N 100 100 99 99 100 100 100 97 93 96 86 90

M 11.54 F 7.63 3.90 2.15 1.06 1.42 2.37 2.48 2.71 2.95 11.95

SD 0.48 F 3.14 3.03 2.24 1.32 1.48 0.69 0.64 0.69 0.59 0.97

Note. T1 5 baseline; T2 5 6 months postbaseline; T3 5 12 months postbaseline; T4 5 24 months postbaseline; PDS 5 pubertal develop-
ment scale.
�po.05; ��po.01; ���po.001.
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Study Aim 2: How do early childhood stressors
predict the timing and tempo of development? We
next expanded the unconditional latent growth
model to test the relation between pubertal
development and early childhood experiences by
incorporating the following variables: age of first
foster care placement; number of foster care place-
ments; and number of neglect incidents, physical
abuse incidents, and sexual abuse incidents per girl
(e.g., the conditional model; see Figure 1). This
model allows for (1) the estimation of the effects of
each type of early childhood stressor on the initial
level of development, and (2) the estimation of the
effects of each type of early childhood stressor on the
linear rate of change in development across the age
range of our study. Predictors were entered into
latent growth models individually using a stepwise
approach in the following order: age and inter-
vention condition entered together (as both are
considered covariates); age of first foster care
placement; number of foster care placements;
number of incidents of neglect; number of incidents
of physical abuse; number of incidents of sexual
abuse. At each step, a w2 difference test was
conducted to determine whether the predictor
added significantly to the model fit as compared
with the previous step. The stepwise approach was
implemented by initially including all paths in the
model but constraining them to be zero. At each step,
one path was freed, and the w2 difference test
corresponded to the freed path.

Study Aim 3: How do early childhood stressors
predict age at menarche? To cross-validate findings
with a different measure of pubertal timing, we
examined the relation between age of menarche
and the same early childhood stressors described
above. As not all participants had reached menarche,

we used continuous-time survival analysis using
Cox regression. Cox regression is a method for
investigating the effect of several variables upon
the amount of time before the occurrence of a
specific event (here, menarche). Cox regression
considers both time-to-event (e.g., number of years
of age at menarche) and a dichotomous indicator of
whether that event occurred during the duration of
the study (if not, the data can be said to be right
censored in that the actual time of the event is not
known). The results of Cox regression can be inter-
preted in terms of the cumulative hazard function,
representing the risk that a particular event will
occur at time t11, assuming that event has not yet
occurred by time t. Smaller estimates of the hazard
function indicate less risk or likelihood of the event
occurring, whereas larger estimates indicate greater
risk. We first estimated the baseline hazard function,
which is a representation of the likelihood of
menarche across a given age range without consid-
eration of any covariates. Then, in the next step, we
entered covariates into the model. As in Aim 2,
predictors were entered in a step-wise fashion and
difference tests were conducted at each step (in this
case, the tests were done using log-likelihood). One
participant lacked data on early life experiences and
was thus unable to be included in survival analyses
(due to different techniques for handling missing
data in LGM, this participant was included in those
analyses).

RESULTS

Study Aim 1: Latent Growth Models of Pubertal
Development

Results from the unconditional latent growth model
of pubertal development are shown in Table 2. The

Number of Foster Care
Placements

Number of Neglect
Incidents

Number of Physical
Abuse Incidents

Number of Sexual Abuse
Incidents

Age at First Foster Care
Placement

I

S

T1

PDS Score 

T2

PDS Score 

T4

PDS Score

T3

PDS Score

1

1

1

1

0

.5

1

2

Intervention Condition 

Baseline Age 

FIGURE 1 Latent growth curve model of pubertal development and early life stressors. I 5 intercept; PDS 5 pubertal development
scale; S 5 slope; T1 5 baseline; T2 5 6 months postbaseline; T3 5 12 months postbaseline; T4 5 24 months postbaseline.
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mean growth curve contained a significant intercept,
B 5 2.45, SE(B) 5 .06, po.001 and, as would be ex-
pected, a significant positive linear slope, B 5 .26,
SE(B) 5 .03, po.001, indicating greater pubertal de-
velopment at subsequent waves. The intercept and
slope were inversely correlated with each other
(r 5 � .43, SE 5 .15, p 5 .004). This negative correla-
tion likely reflects a ceiling effect: children who were
already at an advanced stage of development at the
beginning of the study would have both a higher
latent intercept and, because they had less pubertal

development remaining to complete, a lower latent
slope.

The model fit the data well, w2(5) 5 6.830 ns,
CFI 5 .990, TLI 5 .988, RMSEA 5 .06(.00|.16), sug-
gesting that change in the outcome across our four
time points tended to proceed in a linear fashion. To
confirm this, we tested a quadratic term and it was
not significant, B 5 � .06, SE(B) 5 .04 ns. In addition,
the variance estimate for the intercept was significant
(Varint 5 .24, SE 5 .05, po.001) and the variance es-
timate for the slope was marginally significant
(Varslope 5 .03, SE 5 .01, p 5 .08). This marginal sig-
nificance for the slope variance may be related to a
power issue due to our relatively small sample size.
As there has been longstanding interest within the
puberty literature for studies which consider aspects
of pubertal development other than timing (e.g.,
Brooks-Gunn, Petersen, and Eichorn, 1985), we
opted to investigate predictors of the slope in an
exploratory fashion, with the understanding that any
findings related to the slope would be provisional
and should be interpreted with caution.

Study Aim 2: Latent Growth Models of Pubertal
Development and Early Childhood Stressors

We next examined the impact of different early life
stressors on pubertal development by regressing the
intercept and linear slope onto these experiences (see
Table 3). As discussed above, a step-wise approach
was used. The w2 difference test between steps was
nonsignificant until physical abuse was entered; this
step was marginally significant (po.10). When sex-
ual abuse was added, this step was significant
(po.05). Results from the full series of models are
available on request; for clarity, we report only re-
sults for the final model (see Table 2).

Model fit for the model with all stressors included
was quite good, w2(19) 5 22.263, ns, CFI 5 .98,
TLI 5 .97, RMSEA 5 .04(.00|.10). Age and sexual
abuse predicted a higher intercept (i.e., more ad-
vanced pubertal development at T1; B 5 .10; SE 5 .04
for sexual abuse). Physical abuse predicted a steeper
linear slope (B 5 .06; SE 5 .02), although these results
should be interpreted with caution given the small
amount of variance in our slope parameter. Sexual
abuse, in contrast, predicted a more gradual slope
(B 5 � .04; SE 5 .02). This is likely because girls who
experienced sexual abuse were already at a more
advanced stage of development at T1 and therefore
had less development to complete (see Table 2).
Neglect, age of first placement, and number of foster
care placements were not significantly related either
to level of pubertal development or to the rate of

TABLE 2

Latent Growth Models

Unconditional Conditional

Estimates Model Model

Growth factors

Mean intercept 2.45 (0.06) F

Mean slope 0.26 (0.03) F

Var intercept 0.24 (0.05) 0.17 (0.04)

Var slope 0.03 (0.01) 0.01 (0.01)

R2 intercept 0.27

R2 slope 0.50

Regression effects

Age

Intercept 0.38 (0.11)�

Slope 0.00 (0.05)

Intervention condition

Intercept � 0.07 (0.11)

Slope 0.07 (0.05)

Age at first placement

Intercept � 0.03 (0.02)

Slope 0.01 (0.01)

Number of foster placements

Intercept 0.01 (0.02)

Slope � 0.01 (0.01)

Number of neglect incidents

Intercept � 0.02 (0.03)

Slope 0.00 (0.01)

Number of physical abuse incidents

Intercept � 0.07 (0.04)

Slope 0.06 (0.02)�

Number of sexual abuse incidents

Intercept 0.10 (0.04)�

Slope � 0.04 (0.02)�

Model fit indices

w2 (df) 6.83 (5) 22.26 (19)

CFI 0.99 0.98

TLI 0.99 0.97

RMSEA 0.06 (0.00|.16) 0.04 (0.00|0.10)

Note. CFI 5 comparative fit index; RMSEA 5 root-mean squared
error of approximation; TLI 5 Tucker – Lewis index.

Standard errors are included parenthetically.
�Regression parameters are significant at po.05.
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developmental change in puberty across the study
period. This model accounted for 27% of the variance
in the growth curve intercept and 50% of the vari-
ance in the growth curve slope. Figure 2 provides a
prototypical plot depicting the trajectory of devel-
opment for children who experienced each type of
maltreatment.

Study Aim 3: Age at Menarche and Early
Childhood Stressors

We next examined the relation of early childhood
stressors and age at menarche. As not all participants
in our sample reported menarche, we used contin-
uous-time survival analysis using Cox regression.
The baseline hazard function for the sample can be
seen in Figure 3a. Next, we entered predictors in the
same stepwise progression as described above. No
steps were significant until sexual abuse was entered
into the model (the final step). In the final model, the

number of incidents of sexual abuse experienced by
a participant significantly increased the likelihood of
menarche. This effect is illustrated in Figure 3a,
which presents two cumulative hazard functions.
The baseline hazard function represents the likeli-
hood of menarche over time, without the inclusion of
predictors. Because no predictors are entered into the
model, it can be interpreted as the hazard function
for those individuals who experience no incidents of
sexual abuse. In contrast, the sexual abuse hazard
function depicts the effect for individuals who ex-
perienced a number of incidents of abuse 1 or more
standard deviations above the mean (e.g., three or
more incidents). The y-axis represents the amount of

3

2.7

2.8

2.9

2.4

2.5

2.6

P
u

b
er

ta
l D

ev
el

o
p

m
en

t

Sex Abuse

Neglect

Phy Abuse

2.2

2.3

11.5 12 12.5 13 13.5
Age

FIGURE 2 Prototypical plot of pubertal development by mal-
treatment category.

7
8

(a)

(b)

3
4
5
6

Sexual Abuse
Baseline

0
1
2

10 11 12 13 14C
u

m
u

la
ti

ve
 H

az
ar

d
 F

u
n

ct
io

n

Age (Years)

0.9
1

0.5
0.6
0.7
0.8

0.1
0.2
0.3
0.4

S
u

rv
iv

o
r 

F
u

n
ct

io
n

Sexual Abuse
Baseline

0
10 11 12 13 14

Age (Years)

FIGURE 3 (a) Cumulative hazard and (b) survival functions of
age of menarche for individuals who experience either no sexual
abuse (e.g., baseline model) or frequent incidents of sexual abuse
1 or more standard deviations above the mean.

TABLE 3

Fit of Survival Models Using Cox Regression (N 5 99)

Model AIC Deviance df D Deviance (df)

Baseline model 207.94 � 103.97

Baseline age 208.70 � 103.35 1 0.62

Intervention condition 210.66 � 103.33 2 0.02

Age at first placement 212.38 � 103.19 3 0.14

Number of placements 214.27 � 103.14 4 0.05

Number of neglect incidents 215.95 � 102.98 5 0.16

Number of physical abuse incidents 217.95 � 102.97 6 0.01

Number of sexual abuse incidents 212.11 � 99.06 7 3.91�

Note. �Predictor significant at po.05.
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risk (or likelihood) of menarche occurring, with
higher numbers representing more risk (or greater
likelihood). Given that all girls will eventually ex-
perience menarche, the ‘‘risk’’ of menarche unsur-
prisingly increased for both groups as age increased;
however, the cumulative hazard was greater for
those girls who experienced sexual abuse compared
with those who did not, indicating an increased
likelihood of menarche across the age range in our
study for those participants.

Figure 3b presents the survival function for the
baseline model and for those individuals with a high
frequency of sexual abuse. The survival function is
based upon the hazard function and represents the
estimated proportion of individuals who have not
yet reached menarche at a given age. As can be seen
in Figure 3b, of those individuals who experienced a
high frequency of sexual abuse, 50% are predicted to
reach menarche at approximately 11.50 years of age.
For individuals with no incidents of sexual abuse,
the predicted median is approximately 12.5 years of
age. These predicted estimates are similar to the
medians in the actual data (11.63 for girls with a high
frequency of abuse and 12.42 for girls with no abuse),
but the survival function accounts for the small
amount of censoring among participants.

Additional Analyses

Lastly, given the prevalence of multiple types of
maltreatment in our sample, we examined our data
for effects of comorbidity by inserting interaction
terms into all of the above analyses. In each analysis,
we examined two- and three-way interactions to
determine whether the effect of sexual abuse was
different when alone versus in combination with
other kinds of maltreatment. The results of the
analysis showed no significant interactions, sug-
gesting that the effects of sexual abuse did not vary
in the presence of the other maltreatment types.

DISCUSSION

Researchers for some time have speculated on pu-
berty’s malleability in response to particular life ex-
periences and social environments. The present
study represents a novel addition to the literature on
childhood stress and maturation, as it is the first
report on the timing and antecedents of pubertal
development among girls in foster care. This sample
is notable for its particularly high levels of child
maltreatment and subsequent home disruptions. It is
further advantageous in that the data are prospec-
tive, utilizing confirmed reports of maltreatment

from case files provided by the child welfare system,
rather than retrospective self-reports. This allowed
us to distinguish among the multiple types of mal-
treatment, and to distill both unique and cumulative
effects.

Collectively, our results confirm previously re-
ported associations between maltreatment early in
life and accelerated pubertal maturation. Physical
and sexual abuse each significantly predicted de-
velopment, with those who experienced childhood
sexual abuse exhibiting the earliest timing of devel-
opment and those who experienced physical abuse
exhibiting a more rapid developmental tempo across
the duration of the study. The sexual abuse effect
robustly replicated across both the PDS measure and
age of menarche. Although the majority of our
sample experienced multiple types of maltreatment,
we obtained no noticeable interactive effects when
we attempted to investigate the cooccurrence of
maltreatment types. In cases of multiple forms of
maltreatment, this might manifest as the powerful
effects of sexual abuse ‘‘trumping’’ the particular
trajectories related to other subtypes. It may also be
the case that only sexual abuse precipitates the sorts
of HPA and HPG activation hypothesized by Trickett
and Putnam (1993), which consequently facilitates
premature adrenarche and gonadarche.

In addition to maltreatment type, we included age
of first foster care placement and the number of
foster care placements in our analyses. Previous re-
search on early childhood stress has shown that age
at certain stressful life transitions represents a dose –
response relationship with maturation, with earlier
ages at these events associated with earlier devel-
opment (e.g., Ellis & Garber, 2000). It also seemed
possible that more frequent foster home transitions
might represent greater instability in daily living and
thus a more stressful childhood experience. Neither
of these factors reached significance in the present
study. This might be attributable to the fact that all
the girls in our sample experienced unusually high
levels of adversity; such factors may hold more res-
onance within normative populations with fewer
risk factors. Quinlan (2003), for example, found that
the number of childhood caretaking transitions was
associated with earlier menarche. Yet only 8% of
Quinlan’s sample had three primary caregivers,
whereas 80% of our sample had three or more care-
givers. Alternatively, these variables may exert
different stress loads over different individuals (i.e.,
entry into the foster care system may represent an
alleviation of stress for some but require consider-
able adaptation for others). Similarly, an earlier dis-
covery of maltreatment (preceding entry into foster
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care) does not necessarily indicate earlier onset of
maltreatment.

Limitations

Our findings are limited in several respects. First, the
small sample size constrained the number of theo-
retical questions we were able to investigate. In ad-
dition, the variance in our slope term, perhaps due to
a lack of power, was small and only marginally sig-
nificant. Second, while early life stress has a robust
and well-documented literature as an antecedent of
pubertal development, the timing of maturation is
also strongly heritable. For example, Mustanski,
Viken, Kaprio, Pulkkinen, and Rose (2004) estimated
that an astounding 88% of the variation in the char-
acteristics measured by the PDS (the same measure
used here) was accounted for by genetic factors. In
addition, genetically informed analyses of the timing
of maturation and more benign measures of early life
stress have suggested that this association might be
accounted for by passive gene – environment correla-
tion (Mendle et al., 2009). Because of the nature of our
sample (girls in foster care), we lacked familial infor-
mation that might have enabled us to control for ge-
netic predispositions for pubertal timing and tempo,
and therefore present a more multifaceted set of in-
terpretations. Nevertheless, though not a perfect
proxy, 33% of the girls resided in kinship foster care
placements, and 67% in nonrelative foster care place-
ments. No significant differences were noted in the
outcomes examined as a function of kinship status.

Third, as our data are drawn from a behavioral
intervention trial targeted at the foster care popula-
tion, we lack the traditional control of girls not re-
siding in foster care. There is, however, an expansive
literature on menarche in the general population.
This enables a speculative comparison of the timing
of puberty in our sample to prior results. Overall, the
mean age of menarche of the girls in our study
(M 5 11.95 years, with 93% reporting), is signifi-
cantly earlier (t 5 � 4.37, po.001) than recent U.S.
population estimates of approximately 12.4 years
(Chumlea et al., 2003), though this should be inter-
preted with caution given that not everyone in our
sample reported menarche and the magnitude of
this effect will be somewhat attenuated when full
menarche data are available. Although this time
differenceFapproximately 6 monthsFmay super-
ficially seem small, it is worth remembering that
pubertal maturation occurs during a strikingly con-
centrated and emotionally tumultuous period;
differences of this magnitude hold considerable so-
cial salience during adolescence and also differenti-

ate among fertility and health outcomes later in life
(Apter & Vihko, 1983).

CONCLUSION

This work proffers fresh evidence for the ways par-
ticular social contexts may relate to the trajectory of
pubertal development. Puberty is, of course, one
segment of a larger developmental continuum. The
fluctuations in pubertal development observed in
our sample are not only sequelae of early maltreat-
ment, but likely precede (and perhaps moderate)
many of the behavioral and emotional difficulties
common in individuals with histories of maltreat-
ment and trauma. As such, upon replication, our
findings might suggest critical opportunities for
calibrating interventions to the unique develop-
mental challenges of the foster care population.
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