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Abstract

Objective To identify early life adversity (ELA) risk factors for earlier pubertal timing, itself a

risk factor for poor cardiometabolic health, and to determine whether such ELA-related risk may be

mediated by pre-pubertal body mass index (BMI). Methods Subjects included 426 female par-

ticipants in a prospective birth cohort study, the NICHD Study of Early Child Care and Youth

Development. Survival analysis models were fit to examine ELA exposures, representing child-

hood socioeconomic status (SES), maternal sensitivity, mother–child attachment, and negative life

events, along with child health indicators and covariates, in relation to pubertal timing outcomes,

including age at menarche and ages at Tanner stage II for breast and pubic hair development.

Results Higher childhood SES emerged as an independent predictor of older age at menarche,

showing each one standard deviation increase in childhood SES corresponded to a 1.3% increase

in age at menarche (factor change¼ 1.013; 1.003–1.022; p < .01), but did not predict breast or pubic

hair development (ps > .05). In mediation analyses, indirect (mediated) effects of mother–child at-

tachment on the pubertal timing outcomes, via pre-pubertal BMI, were all statistically significant

(ps < .05). Conclusions Higher childhood SES predicted directly, and secure (vs. insecure)

mother–child attachment predicted indirectly (via pre-pubertal BMI), later pubertal timing, suggest-

ing these factors may protect girls from earlier pubertal development. By extension, clinical impli-

cations are that intervention strategies designed to lessen ELA- and pre-pubertal obesity-related

risk may be effective in remediating life course pathways linking ELA, accelerated pubertal devel-

opment, and cardiometabolic risk.

Key words: cardiometabolic disease; chronic illness; endocrinology; family functioning; health behav-
ior; health promotion and prevention; longitudinal research; obesity; parenting; prevention/control; psy-
chosocial functioning; pubertal timing; stress.

Introduction

The timing of pubertal development in girls has a pro-
found impact on their longer-term cardiometabolic
health and disease risk. Earlier pubertal timing

predicts the emergence of cardiovascular risk factors
in adolescence and a worsening of these risk factors
over time, as well as risk for obesity and type 2 diabe-
tes in adulthood (Frontini et al., 2003; He et al., 2010;
Widen et al., 2012). In one study, for example, girls
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who were younger at menarche experienced greater
increases in insulin, glucose, and blood pressure over a
13-year study period (ages 8–21) (Remsberg et al.,
2005). Earlier pubertal timing also predicts incident
cardiovascular disease and early mortality in adult-
hood. Studies, for example, show younger age at men-
arche predicted higher incident cardiovascular disease
and all-cause mortality among 15,807 women fol-
lowed over 10.6 years as well as increased risk for
cardiac-specific, stroke-specific, and all-cause mortal-
ity among 61,319 women followed over 37 years
(Jacobsen et al., 2007, 2009; Lakshman et al., 2009).

The robust association between pubertal develop-
ment and cardiometabolic risk highlights the impor-
tance of identifying pre-pubertal risk factors for
earlier pubertal timing that, if mitigated, could plausi-
bly improve trajectories of cardiometabolic health
over time. A growing literature points broadly to the
role of early life adversity (ELA) exposures in shaping
adulthood cardiometabolic health (Suglia et al., 2018,
2020). One of the origins of this literature stems from
early findings in The Adverse Childhood Experiences
Study in which multiple categories of adverse child-
hood exposures were related to adulthood diseases, in-
cluding cardiovascular disease (Felitti et al., 1998).
ELA exposures represent a range of experiences that
threaten a child’s physical or emotional security and
are hypothesized to disrupt typical development,
thereby promoting underlying disease processes in
neuroendocrine, immune, and metabolic systems
(Berens et al., 2017). ELA exposures are common in
the population with 60% of adults reporting that they
experienced at least one type of adversity [Centers for
Disease Control and Prevention (CDC), 2010],
highlighting the potential for ELA’s far-reaching im-
pact on health.

With respect to ELA exposures and pubertal devel-
opment specifically, ELA exposures, reflecting vari-
ability in parenting quality, parent–child relationships,
and family stressors, including socioeconomic disad-
vantage, have all been related to the timing of puberty
(Belsky et al., 2007, 2010; Bleil et al., 2013; Deardorff
et al., 2014; Ellis & Essex, 2007; Hiatt et al., 2017).
For example, greater maternal parenting support and
higher socioeconomic status (SES), assessed in pre-
school, were both related prospectively to later puber-
tal development indexed by a composite of mother
ratings of breast and pubic hair development in fifth
grade (Ellis & Essex, 2007). In addition, evidence sug-
gests higher pre-pubertal body mass index (BMI), a
well-established predictor of earlier pubertal timing
(Biro et al., 2013; Juul et al., 2017), is itself influenced
by ELA exposures (Suglia et al., 2012). This suggests
BMI may play a mediating role in transmitting ELA-
related risk for earlier pubertal timing, although this

potential pathway, leading ultimately to worse cardio-
metabolic health, remains poorly understood.

The current study included 426 female participants
in the landmark NICHD Study of Early Child Care
and Youth Development (SECCYD). Prospective
models examined ELA exposures, representing early
life SES, maternal sensitivity, mother–child attach-
ment, and negative life events, along with annual
health assessments and relevant covariates, in relation
to state-of-the-art assessments of pubertal timing out-
comes. The study objectives were (a) to identify spe-
cific ELA risk factors for earlier pubertal timing and
(b) to determine whether ELA-related risk for earlier
pubertal timing may be mediated by pre-pubertal
BMI.

Methods

Participants
Subjects in the current study were participants in the
NICHD SECCYD, a prospective study of children and
their families recruited at birth to examine trajectories
of health and development across early childhood
(birth to 54 months), middle childhood (kindergarten
through to fifth grade), and adolescence (sixth grade
through 15 years of age). Families were recruited from
10 study sites in the United States: Charlottesville, VA;
Irvine, CA; Lawrence, KS; Little Rock, AR; Madison,
WI; Morganton, NC; Philadelphia, PA; Pittsburgh,
PA; Seattle, WA; and Wellesley, MA. In the first
11 months of 1991, all mother–infant dyads of babies
born within pre-selected 24-hr intervals at participat-
ing hospitals were screened. Families were excluded if
the (a) mother was <18 years old; (b) mother was
non-English speaking; (c) family was re-locating
within 1 year; (d) infant or mother had a serious medi-
cal problem; (e) mother had a substance use disorder;
(f) infant was placed for adoption; (g) family lived
>1 hr away from the study site; (h) family was already
participating in another study; and/or (i) family re-
fused to participate in the initial study interview.
Additional sampling requirements (e.g., 10% recruit-
ment of single-parent households) ensured that the
socio-demographic composition of the final sample
[N¼ 1,364 families; n¼659 girls (48.3%) and
n¼705 boys (51.7%)] was similar to the population
for families living in the same geographic regions,
according to the 1990 U.S. Census. Retained for anal-
ysis in the current study were 426 girls (64.6% of the
659 girls originally recruited) who participated in at
least one assessment of pubertal development between
ages 9 and 15.5 years and who agreed to be followed
for future assessments. In attrition analyses, logistic
models regressing the retention indicator onto race/
ethnicity and SES indicators (maternal and paternal/
partner education, family income-to-needs ratio)
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showed only maternal education had a significant, in-
dependent effect [odds ratio (OR)¼ 1.10; confidence
interval (CI): 1.03–1.17; p < .01], reflecting higher
odds of retention in the current sample among girls
with more educated mothers. Informed consent was
obtained from parents and assent was obtained from
children when they were old enough to do so. The
study was approved by the Institutional Review
Boards of each university-based study site, including
the Human Subjects Division of the University of
Washington.

Measures
Pubertal Timing
Medical providers (physicians or nurse practitioners)
were trained and re-certified annually to conduct a
physical exam each year between child ages 9.5 and
15.5 years (Susman et al., 2010) in which stage of sex-
ual maturity was determined using Tanner criteria
(Dorn et al., 2006; Marshall & Tanner, 1969), aug-
mented by breast bud palpation. In this staging sys-
tem, photographs are used as the point of comparison
by which stages of sexual maturity for breast and pu-
bic hair development are rated separately (I–V), rang-
ing between stage I (pre-puberty) and stage V (full
sexual maturity) with girls who are between stages
assigned to the earlier stage (Herman Giddens et al.,
1997). Annual evaluations continued until menarche
and full sexual maturity for breast and pubic hair de-
velopment were reached. In addition, age at menarche
was determined by querying the girls and their moth-
ers. Mothers’ reports were used if girls’ reports were
missing.

Derived from these exams, three indicators of pu-
bertal timing, all measured in years, were examined as
the primary outcomes of interest in the current study:
(a) age at menarche; (b) age at Tanner stage II for
breast development, marking the initiation of gona-
darche; and (c) age at Tanner stage II for pubic hair
development, marking the initiation of adrenarche.
The Tanner stage outcomes were both left and interval
censored, as described below.

ELA Exposures
Child SES in early childhood was indexed by a com-
posite of mother and father/partner’s education and
family income-to-needs ratio. Educational attainment
of the mother and father/partner at child’s age
1 month was ascertained by self-report: 1¼ less than
high school; 2¼ high school or general education di-
ploma; 3¼ some college or vocational degree;
4¼ college degree; 5¼ some graduate school or mas-
ter’s degree; and 6¼ graduate degree greater than a
master’s degree. Income-to-needs ratio (i.e., family in-
come expressed as a proportion of the federal poverty
line for a family of a particular size) was derived by

self-report of family income at child’s ages 1, 6, 15,
24, and 36 months. Separate means, taken across the
indicated time points for parental education and
income-to-needs ratio, were then standardized, aver-
aged, and re-standardized to produce a single compos-
ite of SES in early childhood. Mother–child
attachment in early childhood was assessed using the
Strange Situation Procedure (SSP) at age 15 months,
the Attachment Q-Sort (AQS) at age 24 months, and
the Modified Strange Situation Procedure (MSSP) at
age 36 months (Ainsworth et al., 1978; Cassidy &
Marvin, 1992; Waters & Deane, 1985). The SSP and
MSSP both entailed videotaped separation–reunion
tasks designed to evoke attachment behaviors in the
child that were then coded secure (vs. insecure). The
AQS included 90 items that were sorted by similarity
to the child based on a 2-hr home observation; sorts
correlated with the criterion sort at .30 or above were
then coded secure (vs. insecure). Interrater agreement
was 83% (r¼ .69) and 76% (r¼ .58) for the SSP and
the MSSP, respectively, and the interclass correlation
was .96 for the AQS. The validity of early attachment
measures has been well-established as shown in meta-
analyses focused on their antecedents (De Wolff &
van IJzendoorn, 1997) and predictive and discrimi-
nant validity (Groh et al., 2017). Next, utilizing these
dichotomized variables, the proportion of times the
child was coded secure (vs. insecure) across all assess-
ments (ages 15, 24, and 36 months) was computed to
produce a composite of mother–child attachment sta-
tus in early childhood (Groh et al., 2014). Maternal
sensitivity in early childhood was assessed according
to 15-min semi-structured interactions between moth-
ers and their children at child ages 6, 15, 24, and
36 months which were videotaped and coded by
trained raters; intraclass correlations, reflecting inter-
coder reliability, were .87, .83, .84, and .84 for each
assessment, respectively (Appelbaum et al., 1999).
Segments involved developmentally appropriate play-
based tasks in which the mother provided assistance
to her child, enabling the observation of maternal at-
tentiveness and appropriate responding to child cues.
The mean of observational ratings across all assess-
ments (ages 6, 15, 24, and 36 months) was computed
to produce a composite of maternal sensitivity in early
childhood. Predictive validity of this early maternal
sensitivity measure is well-established (Fraley et al.,
2013). Negative life events in early childhood were
assessed using the Life Experiences Survey (LES)
(Sarason et al., 1978) completed by mothers at child
age 54 months. The LES includes a list of 57 life
events, ranging in nature from routine (e.g., start of
school) to traumatic (e.g., death of a parent). Mothers
reported whether each event occurred in the past year,
rating the impact of endorsed events on a 7-point scale
(�3¼ very negative. . . 0¼neutral. . . 3¼ very
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positive). All items with a negative impact (rated �3
to �1) were then summed to produce a composite
score reflecting the number of negative life events dur-
ing this year period in early childhood. The negative
life events scale has demonstrated adequate test–retest
reliability (r¼0.56–0.88) and validity as supported by
its correlation with related constructs (Sarason et al.,
1978).

Pre-Pubertal Health Indicators
BMI: pre-pubertal BMI (weight in kg/height in m2)
was derived using measurements of height and weight
at child age 24 months and grade 1. BMI z-scores
(zBMI) were then calculated using the 2000 CDC
BMI-for-age clinical growth charts for girls. Mother-
rated child health: pre-pubertal health was assessed us-
ing mother reports of child health problems [i.e., ear
infections requiring medication, respiratory problems
(runny nose, cough, or cold), and intestinal problems
(vomiting, diarrhea, not eating)], summed to produce
a count of total health problems. Assessments oc-
curred at child ages 1, 3, 6, 9, 12, 15, 24, 36, 42, 50,
54, 60, 66 months and in kindergarten. Means were
taken in periods: infancy (0–36 months), preschool
(42–54 months), and early school (60 months–kinder-
garten) to produce composites of pre-pubertal child
health problems.

The ELA exposures and health indicators were
measured at time points between periods of infancy,
early childhood, and early school (i.e., kindergarten)
to ensure the pre-pubertal measures did not overlap
with the pubertal period. In addition, zBMI, measured
in grade 1, was selected for testing as a potential medi-
ator of ELA effects on pubertal timing. Its slightly later
time point (grade 1) was chosen to ensure temporal
separation between the ELA exposures, zBMI (grade1)
as a potential mediator, and the pubertal timing
outcomes.

Covariates
Covariates included maternal menarcheal age, child
race/ethnicity, and study recruitment site. Maternal
menarcheal age (in years) was assessed by self-report
of mothers queried at three different assessments from
which the mean was computed. Child race/ethnicity
was coded according to mother reports in five catego-
ries: Asian, African American, Latina, ‘other’ race,
and white. Study recruitment site was coded in 10 cat-
egories, reflecting the locations from which the partici-
pants were recruited.

Analytical Plan
Survival analysis models examined predictors of age at
key pubertal timing events. Specifically, separate ac-
celerated failure time models with Weibull distribu-
tions were fit to each of three pubertal timing

outcomes: age at menarche; age at Tanner stage II for
breast development; and age at Tanner stage II for pu-
bic hair development. Accelerated failure time models
accommodated left and interval censoring of outcomes
describing ages at transition to Tanner stage II for
breast and pubic hair development. The outcome de-
scribing age at menarche was modeled as uncensored.
All specified predictors were modeled simultaneously,
including the covariates and each of the ELA expo-
sures and child health indicators. The final models re-
flect the variables remaining after forced retention of
covariates and backward elimination of ELA and child
health effects with p > .05. Factor change (FC) coeffi-
cients are reported, which represent multiplicative
effects on pubertal timing outcomes per one-unit in-
crease in the corresponding predictor. Next, to exam-
ine the role of zBMI (grade 1) as a potential mediator
of effects of the ELA exposures on the pubertal timing
outcomes, multivariate linear models were fit to esti-
mate the effects of each ELA exposure on zBMI (grade
1), conditional on covariates and the child health indi-
cators; linear regression parameter estimates are
reported. Combining results of the zBMI (grade 1)
outcome model with each of the pubertal timing out-
come models, we then estimated indirect effects of the
ELA exposures on pubertal timing outcomes, via
zBMI (grade 1); FC coefficients are reported for the in-
direct effects as well as partial posterior p-values and
hierarchical Bayes 95% CIs (Falk & Biesanz, 2016).
Across all participants and variables included in analy-
ses, 10.9% of all data values were missing. Missing
values were multiply imputed to create 30 completed
data sets; parameter and standard errors were esti-
mated by combining results across imputed data sets
(Rubin, 1987).

Results

Descriptive Analyses
In Table I, sample characteristics, including covari-
ates, ELA exposures, and child health indicators are
reported. The racial/ethnic composition included
1.2% Asian, 11.0% African American, 4.9% Latina,
3.8% ‘other’ race, and 79.1% white children. For
both mothers and fathers/partners, 39% received a
college degree or higher with 12.0% of families
reporting incomes below the federal poverty line.
Consistent with previous studies of attachment secu-
rity (Moullin et al., 2014), 63.4%, 59.3%, and 57.5%
of children were classified as ‘secure’ (vs. insecure) at
the 15-, 24-, and 36-month assessments, respectively.
The maternal sensitivity composite score averaged 9.5
(range: 4.8–12.0) and children experienced 3.3 (range:
0–27) negative life events on average over a 1-year pe-
riod between ages 3 and 4 years. With respect to the
child health indicators, zBMI mean values at child age
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24 months and grade 1 were 0.11 (SE¼0.044) and
0.41 (SE¼ 0.044), respectively. In addition, also at
child age 24 months and grade 1, 86.8% and 79.0%
of girls fell between 0 and 84.9 BMI percentile, 8.6%
and 12.2% between 85 and 94.9 BMI percentile, and
4.6% and 8.8% at 95þ BMI percentile, respectively.
Mother-reported number of child health problems
was just greater than 1 on average across assessments
in all developmental periods. With respect to the pu-
bertal timing outcomes, age at menarche averaged
12.4 years (range: 9.0–15.6). Derived from accelerated
failure time models, the predicted median age at
Tanner stage II for breast development was 9.9 (CI:
9.611–10.232) years and the predicted median age at
Tanner stage II for pubic hair development was 10.5
(CI: 10.284–10.820) years. In this sample of predomi-
nately white girls, these mean and median ages align
closely with similar samples (Biro et al., 2013;
Chumlea et al., 2003).

Unadjusted Models
In Table II, results of unadjusted accelerated failure
time models are reported for effects of ELA exposures
and child health indicators on pubertal timing
outcomes. Results showed higher childhood SES pre-
dicted older age at menarche (FC¼1.018; CI: 1.010–
1.027; p < .0001) and older age at Tanner stage II
breast development (FC¼1.020; CI: 1.006–1.034; p
< .01). Each one standard deviation increase in child-
hood SES corresponded to a 1.8% increase in age at
menarche and a 2.0% increase in age at Tanner stage
II breast development. Greater maternal sensitivity

also predicted older age at menarche (FC¼ 1.013; CI:
1.006–1.019; p < .001) and older age at Tanner stage
II breast development (FC¼ 1.012; CI: 1.000–1.023;
p < .05). Each one-unit increase in maternal sensitivity
corresponded to a 1.3% increase in age at menarche
and a 1.2% increase in age at Tanner stage II breast
development. Mother–child attachment and negative
life events, however, did not predict pubertal timing
outcomes. With respect to child health, zBMI assessed
at 24 months predicted age at Tanner stage II breast
development only (FC¼0.978; CI: 0.963–0.994; p <
.01), while zBMI, assessed more proximally in grade
1, predicted all three pubertal timing outcomes. Each
one standard deviation increase in BMI in grade 1 cor-
responded to a 2.1% decrease in age at menarche
(FC¼ 0.979; CI: 0.970–0.989; p < .0001), a 4.5% de-
crease in age at Tanner stage II for breast development
(FC¼ 0.955; CI: 0.941–0.970; p < .0001), and a
2.0% decrease in age at Tanner stage II for pubic hair
development (FC¼ 0.980; 0.967–0.992; p < .01).
Mother reports of child health problems did not pre-
dict the pubertal timing outcomes.

Final Adjusted Models
In Table III, results of final, adjusted accelerated fail-
ure time models are reported for effects of ELA expo-
sures, child health indicators, and covariates on each
pubertal timing outcome: (a) age at menarche (model
1); (b) age at Tanner stage II for breast development
(model 2); and (c) age at Tanner stage II for pubic hair
development (model 3). Outcome values were left cen-
sored for 46.3% and 30.3% of the sample for Tanner

Table I. Sample Characteristics (n¼ 426)

Covariates Mean (SE) Range n (%)

Maternal menarcheal age 12.76 (0.073) 9.0–18.1 –
Child race/ethnicity

Asian (%) – – 5 (1.2)
African American (%) – – 47 (11.0)
Latina (%) – – 21 (4.9)
Other (%) – – 16 (3.8)
White (%) – – 337 (79.1)

ELA exposures
Mother, college degreeþ (%) – – 166 (39.0)
Father/partner, college degreeþ (%) – – 167 (39.2)
Families below poverty (%) – – 51 (12.0)
Attachment 15 months (% secure) – – 270 (63.4)
Attachment 24 months (% secure) – – 253 (59.3)
Attachment 36 months (% secure) – – 245 (57.5)
Maternal sensitivity 9.50 (0.062) 4.8–12.0 –
Negative life events 3.30 (0.170) 0.0–27.0 –

Child pre-pubertal health
zBMI, 24 months 0.11 (0.044) �2.6 to 2.6 –
zBMI, grade 1 0.41 (0.044) �1.8 to 2.6 –
Health problems count (infancy) 1.25 (0.027) 0.0–3.0 –
Health problems count (preschool) 1.31 (0.032) 0.0–3.0 –
Health problems count (early school) 1.25 (0.040) 0.0–3.0 –

Note. SE ¼ standard error; zBMI ¼ BMI z-score.
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stage II breast and pubic hair development, respec-
tively; all other values on those outcomes were interval
censored. With respect to the ELA exposures, in the fi-
nal, adjusted models, only childhood SES predicted
age at menarche. That is, higher childhood SES was re-
lated significantly to older age at menarche
(FC¼ 1.013; CI: 1.003–1.022; p < .01). Each one
standard deviation increase in childhood SES corre-
sponded to a 1.3% increase in age at menarche. The
other ELA exposures did not directly predict the pu-
bertal timing outcomes. With respect to the child
health indicators, in the final, adjusted models, higher
zBMI assessed in grade 1 predicted all three pubertal
timing outcomes. Each one standard deviation in-
crease in BMI in grade 1 corresponded to a 1.9% de-
crease in age at menarche (FC¼0.981; CI: 0.972–
0.990; p < .0001), a 3.9% decrease in age at Tanner
stage II for breast development (FC¼0.961; CI:
0.948–0.976; p < .0001), and a 1.7% decrease in age
at Tanner stage II for pubic hair development
(FC¼ 0.983; CI: 0.971–0.995; p < .01). Finally, with
respect to the covariates, maternal menarcheal age
and child race/ethnicity also predicted all three puber-
tal timing outcomes. Each 1-year increase in maternal
age at menarche corresponded to a 1.9% increase in
age at menarche (FC¼ 1.019; CI: 1.014–1.024; p <
.0001), a 1.3% increase in age at Tanner stage II
breast development (FC¼1.013; CI: 1.004–1.021; p
< .01), and a 1.2% increase in age at Tanner stage II
pubic hair development (FC¼1.012; CI: 1.005–
1.019; p < .001). Comparison of racial/ethnic groups
showed that African American (vs. white) girls had
median transition ages that were 3.3% younger at
menarche (FC¼0.967; CI: 0.939–0.996; p < .05),
8.8% younger at Tanner stage II breast development
(FC¼ 0.912; CI: 0.874–0.952; p < .0001), and 9.3%
younger at Tanner stage II pubic hair development
(FC¼ 0.907; CI: 0.874–0.940; p < .0001).

Mediation Analyses
To examine the role of zBMI (grade 1) as a potential
mediator of ELA exposure effects on the pubertal tim-
ing outcomes, multivariate linear models were first fit
to estimate the effects of each ELA exposure on zBMI,
conditional on the child health indicators and covari-
ates. Results showed that having a secure (vs. insecure)
mother–child attachment pattern predicted lower
zBMI (estimate ¼ �0.344 standard deviations; CI:
�0.572 to �0.116; p < .01). Combining results of the
zBMI outcome model with each of the pubertal timing
outcome models, indirect (mediated) effects were then
calculated, revealing mother–child attachment effects
on each pubertal timing outcome via zBMI were statis-
tically significant: age at menarche (indirect effect:
FC¼1.007; CI: 1.002–1.013; p < .01), age at Tanner
stage II breast development (indirect effect:
FC¼1.014; CI: 1.004–1.025; p < .01), and age at
Tanner stage II pubic hair development (indirect ef-
fect: FC¼1.006; CI: 1.001–1.013; p < .01). These
findings suggest that girls with secure (vs. insecure)
mother–child attachment tended to be older at menar-
che and to have later breast and pubic hair develop-
ment due, in part, to having lower pre-pubertal BMI.
Specifically, having a secure (vs. insecure) attachment
pattern at all three assessments (ages 15, 24, and
36 months) corresponded to a 0.7% increase in age at
menarche, a 1.4% increase in age at Tanner stage II
breast development, and a 0.6% increase in age at
Tanner stage II pubic hair development. These path-
ways are represented in Figure 1 with solid and dotted
arrows for the direct and indirect effects, respectively.
Importantly, no other ELA exposures were related to
zBMI (grade 1). Therefore, zBMI did not mediate
effects of any of the other ELA exposures, including
childhood SES which was shown previously to be an
independent predictor of age at menarche.

Table II. Unadjusted FC Coefficients Examining ELA Exposures and Child Pre-Pubertal Health Indicators in Relation to
Pubertal Timing Outcomes

Age at menarche
Age at Tanner stage II
breast development

Age at Tanner stage II pubic
hair development

FC 95% CI FC 95% CI FC 95% CI

ELA composites
Childhood SES 1.018**** 1.010–1.027 1.020** 1.006–1.034 1.008 0.996–1.020
Mother–child attachment 1.018 0.990–1.047 1.016 0.971–1.063 1.016 0.979–1.053
Maternal sensitivity 1.013*** 1.006–1.019 1.012* 1.000–1.023 1.006 0.971–1.063
Negative life events 0.999 0.997–1.002 0.997 0.993–1.002 1.002 0.996–1.015

Child pre-pubertal health
zBMI, 24 months 0.992 0.981–1.002 0.978** 0.963–0.994 0.988 0.975–1.001
zBMI, grade 1 0.979**** 0.970–0.989 0.955**** 0.941–0.970 0.980** 0.967–0.992
Health problems (infancy) 1.006 0.999–1.023 0.992 0.962–1.023 1.005 0.982–1.029
Health problems (preschool) 1.013 0.999–1.028 1.001 0.977–1.025 1.006 0.987–1.026
Health problems (early school) 1.008 0.996–1.021 1.001 0.981–1.021 1.000 0.983–1.017

Note. CI ¼ confidence interval; ELA ¼ early life adversity; FC ¼ factor change; SES ¼ socioeconomic status; zBMI ¼ BMI z-score.
*p < .05; **p < .01; ***p < .001; ****p < .0001.
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Discussion

The current study tested a series of life course models
with a dual purpose: (a) to identify specific ELA risk
factors for earlier pubertal timing, itself a risk factor
for poor cardiometabolic health and (b) to character-
ize the role of pre-pubertal BMI in potentially mediat-
ing effects of ELA-related risk on pubertal timing. In
unadjusted analyses, higher childhood SES and greater
maternal sensitivity were related to older ages at

menarche and the initiation of breast development.
However, in adjusted, multivariate analyses, only
higher childhood SES predicted older age at menarche.
In addition, older maternal menarcheal age was re-
lated to older ages for all three pubertal timing out-
comes, and African American (vs. white) race/
ethnicity and greater pre-pubertal BMI were related
to younger ages at all three pubertal timing
outcomes—consistent with prior studies (Biro et al.,
2013; Chumlea et al., 2003; Juul et al., 2017; Morris

Table III. Adjusted FC Coefficients Examining Effects of Pre-Pubertal Adversity and Health Factors on Pubertal Timing
Outcomes Following Backward Elimination of Effects With p > .05 and With Adjustment, Through Forced Retention, of
Covariates

Adversity effects on pubertal timing outcomes

Model 1:
Age at menarche

Model 2:
Age at Tanner
stage II (breast)

Model 3:
Age at Tanner

stage II (pubic hair)

FC 95% CI FC 95% CI FC 95% CI

Predictors
Child adversity exposures

Childhood SES 1.013** 1.003–1.022 – – – –
Mother–child attachment – – – – – –
Maternal sensitivity – – – – – –
Negative life events – – – – – –

Child health factorsa

zBMI (24 months) – – – – – –
zBMI (grade 1) 0.981**** 0.972–0.990 0.961**** 0.948–0.976 0.983** 0.971–0.995

Covariatesb

Maternal menarcheal age 1.019**** 1.014–1.024 1.013** 1.004–1.021 1.012*** 1.005–1.019
Child race/ethnicity:

Asian (vs. white) 0.954 0.891–1.022 0.941 0.836–1.059 0.988 0.897–1.089
African American (vs. white) 0.967* 0.939–0.996 0.912**** 0.874–0.952 0.907**** 0.874–0.940
Latina (vs. white) 0.990 0.952–1.029 0.985 0.930–1.043 1.000 0.951–1.052
Other (vs. white) 0.973 0.933–1.016 0.992 0.920–1.070 1.019 0.963–1.078

Note. CI ¼ confidence interval; FC ¼ factor change; SES ¼ socioeconomic status; zBMI ¼ BMI z-score. Cells with a dash ‘-’ indicate effects

that were dropped from the corresponding model via backward elimination.
aFor brevity, variables pertaining to mother-reported child health problems are not listed; all effects were p > .05.
bAll covariates (maternal menarcheal age, child race/ethnicity, and recruitment site) were forced to remain in the models; effects of recruit-

ment site are not tabled.
*p < .05; **p < .01; ***p < .001; ****p < .0001.

Figure 1. Mediated effects of mother–child attachment via pre-pubertal body mass index on pubertal timing outcomes.
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et al., 2011). Finally, in analyses of indirect effects,
significant indirect (mediated) effects of mother–child
attachment on the pubertal timing outcomes via pre-
pubertal BMI were observed, suggesting girls with se-
cure (vs. insecure) mother–child attachment patterns
were older at all three pubertal timing outcomes due,
in part, to having lower pre-pubertal BMI values
(grade 1). In summary, direct and indirect effects of
ELA exposures were limited to childhood SES and
mother–child attachment, respectively, and were small
in magnitude. The current study findings provide sup-
port for a modest role of ELA exposures when consid-
ering the early life origins of pathways linking ELA,
accelerated pubertal development, and cardiometa-
bolic risk.

SES and Pubertal Timing
A key finding was that childhood SES, indexed by a
composite of mother and father/partner’s education
and family income-to-needs ratio, emerged as an inde-
pendent predictor of pubertal timing in analyses ad-
justed for well-established predictors of pubertal
timing, including pre-pubertal BMI, maternal menar-
cheal age, and race/ethnicity. Higher childhood SES
predicted older age at menarche but was unrelated to
ages at the initiation of breast or pubic hair develop-
ment, assessed by Tanner staging. Specifically, each
one standard deviation increase in childhood SES cor-
responded to a 1.3% increase in age at menarche.
Relative to the mean menarcheal age (12.4 years), a
1.3% increase would add about 2 months to the
expected age at menarche—an effect that is small but
on par with effects of other predictors such as mater-
nal menarcheal age when examined in a multivariate
framework.

The role of SES in predicting pubertal timing is con-
sistent with findings in prior studies. In the Wisconsin
Study of Family and Work, for example, higher SES in
preschool was an independent predictor of later initia-
tion of secondary sexual characteristics (Ellis & Essex,
2007). In two recent studies, higher SES similarly pre-
dicted later initiation of breast development assessed
by Tanner staging (Hiatt et al., 2017) and later puber-
tal timing indexed by parent reports (Sun et al., 2017).
In several other longitudinal studies, indicators of
higher SES were shown to extend to the prediction of
older age at menarche (Campbell & Udry, 1995;
Deardorff et al., 2014; James-Todd et al., 2010;
Windham et al., 2004). Non-significant findings, how-
ever, have also been reported (Ellis & Garber, 2000;
Moffitt et al., 1992). In studies reporting significant
associations with pubertal timing outcomes, the mea-
surement of childhood SES typically included indica-
tors of family income and parental education, either
singly or in composites. In contrast, childhood SES
was indexed by the Hollingshead index (reflecting

educational attainment but also dimensions of mar-
riage and occupation) and by parental occupation, re-
spectively, in two studies reporting non-significant
findings (Ellis & Garber, 2000; Moffitt et al., 1992),
possibly explaining differences in results.

Future work is needed both to clarify nuances in
the dimensions of childhood SES that may be most rel-
evant to pubertal development and to identify mecha-
nisms of childhood SES effects on pubertal timing.
Effects of childhood SES in the current study were not
mediated by pre-pubertal BMI, although it is plausible
that other SES-related lifestyle or nutrition factors that
were not measured may play a role. It is also plausible
that SES may operate through other pathways. Lower
SES, for example, has been related to greater exposure
to endocrine-disrupting chemicals (Tyrrell et al.,
2013) known to have deleterious impacts on repro-
ductive health, including links to earlier pubertal tim-
ing (Buttke et al., 2012).

Mother–Child Attachment, BMI, and Pubertal
Timing
Another key finding was that a significant, albeit indi-
rect, role of mother–child attachment emerged, sug-
gesting girls with a secure (vs. insecure) attachment
pattern may experience reduced risk for earlier puber-
tal timing due, in part, to having lower pre-pubertal
BMI. Specifically, having a secure (vs. insecure) at-
tachment pattern at all three assessments (ages 15, 24,
and 36 months) corresponded to a 0.7% increase in
age at menarche and a 1.4% and 0.6% increase in age
at Tanner stage II for breast and pubic hair develop-
ment, respectively. Although these mediated effects
are small, findings are intriguing in highlighting the
role of BMI as a potential mechanism in explaining
how certain ELA exposures may influence pubertal
timing and for directing intervention efforts to con-
sider child health behaviors associated with secure (vs.
insecure) attachment patterns.

In a recent review, Bergmeier et al. (2020) proposed
that the quality of early parent–child relationships,
well-studied in relation to areas of child socio-
emotional development, should also be examined in
relation to trajectories of childhood weight gain and
obesity risk. This assertion is supported by longitudi-
nal studies reporting mother–child attachment as well
as a composite of mother–child attachment and mater-
nal sensitivity predicted obesity risk in childhood (age
4.5) (Anderson & Whitaker, 2011) and adolescence
(age 15) (Anderson et al., 2012), as well as an in-
creased likelihood of having a physical illness in adult-
hood 30 years later, albeit as assessed by self-reports
of health conditions (Puig et al., 2013). An insecure
mother–child attachment relationship among preado-
lescents also predicted changes in maladaptive eating
behaviors and increases in BMI over a 1-year period
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(Goossens et al., 2012). Attachment theory posits that
the ability of the primary caregiver to appropriately
respond to the needs of the child, especially in times of
distress, facilitates the development of self-regulatory
processes in the child (Ainsworth et al., 1978). This
has clear implications for understanding a host of be-
havioral outcomes including eating behaviors
(Bergmeier et al., 2020). In fact, lower self-regulation
has been related to maladaptive eating behaviors
(Stoeckel et al., 2017), including decreased sensitivity
to satiety (vs. external) food cues, emotional eating,
and binge eating (Braden et al., 2014; Dingemans
et al., 2017; Frankel et al., 2012).

Implications for Clinical Intervention
The clinical implications of the current study point to
the possibility that interventions designed to mitigate
the influence of ELA- and pre-pubertal obesity-related
risk may be effective in reducing risk for earlier puber-
tal development and, thereby, cardiometabolic risk. In
a recent scientific statement from the American Heart
Association, recommendations included testing inter-
ventions which act on upstream ELA exposures to pre-
vent cardiometabolic disease (Suglia et al., 2018). A
review of early life interventions targeting the caregiv-
ing environments of ELA-exposed children, including
children living in poverty, reported positive
intervention-related impacts on a range of biological
and health outcomes (Boparai et al., 2018). The
authors concluded that interventions occurring earlier
(vs. later) and those focused on enhancing parenting
quality were most effective (Boparai et al., 2018), with
specific intervention benefits observed in relation to
metabolic syndrome, prediabetes, inflammation, and
health behaviors (Brody et al., 2017, 2019; Chen
et al., 2018; Miller et al., 2014). In addition, a recent
intervention focused on ‘responsive parenting’ in areas
of feeding, sleep, interactive play, and self-regulation
showed intervention benefits related to the reduction
of rapid weight gain and overweight status, improved
infant feeding, and reduced screen time (Adams et al.,
2018; Hohman et al., 2017; Savage et al., 2016).
Together, these findings align with and extend the
results of the current study, pointing to (a) parenting
interventions among ELA-exposed children to im-
prove cardiometabolic health outcomes and to (b) the
augmentation of specific attachment-based parenting
behaviors to prevent or reduce obesity risk in children.
Extending these findings to pubertal timing outcomes,
it is plausible that interventions to improve parenting
may be health protective either by mitigating direct
impacts of ELA exposures, such as socioeconomic dis-
advantage, on earlier pubertal development, or by en-
hancing parenting behaviors (e.g., responsive
parenting) which, in turn, improve healthy weight

maintenance and, thereby reduce risk for earlier pu-
bertal development and cardiometabolic disease.

Directions for Future Research
Beyond the role of obesity, future studies should ex-
amine more broadly the biological connections among
ELA exposures, pubertal development, and cardiome-
tabolic risk. Although not fully elucidated, pathobio-
logical processes, including hyperandrogenism and
insulin resistance may play a role. For example, higher
pre-pubertal androgen levels have been shown to pre-
dict earlier pubertal timing, independent of birth-
weight, fat mass, and maternal overweight (Remer
et al., 2010) and, in adult women, higher androgens
predict increased cardiometabolic risk (e.g., adverse
lipid profiles, inflammation, insulin resistance, meta-
bolic syndrome, and type 2 diabetes) (Oh et al., 2002;
Sutton-Tyrrell et al., 2005; Torrens et al., 2009). In
addition, insulin resistance increases during puberty,
even among non-obese girls, suggesting an apparent
vulnerability during this time (Ball et al., 2006).
Insulin resistance predicts post-pubertal weight gain
and increased cardiometabolic risk (Lustig, 2006;
Saklayen, 2018) and is correlated with hormones, in-
cluding lower sex hormone binding globulin and
higher androgens which themselves predict poorer car-
diovascular risk factor profiles and subclinical athero-
sclerosis, independent of BMI (El Khoudary et al.,
2012; Sutton-Tyrrell et al., 2005). In parallel, ELA
exposures themselves have been linked to deleterious
hormone profiles, insulin resistance, and inflammation
(Bleil et al., 2015; Miller & Chen, 2010; Rich-
Edwards et al., 2010). In sum, more mechanistic work
is needed to understand how pubertal timing, itself
partially influenced by ELA exposures, appears to
both reflect and additionally promote hormonal, met-
abolic, and immunological changes that have pro-
found long-term implications for compromised health
maintenance and increased risk for cardiometabolic
disease.

Strengths and Weaknesses
Notable strengths of the current study are its longitu-
dinal design and rigorous measurement of the varia-
bles of interest. ELA composites were derived from
repeated assessments of key pre-pubertal adversity
exposures, including videotaped mother–child interac-
tions in well-validated study tasks coded to assess
mother–child attachment patterns and maternal sensi-
tivity as well as real-time mother reports of socioeco-
nomic conditions and early life stressors. Pubertal
timing assessments were similarly comprehensive.
Tanner staging was derived from annual physical
exams (with breast bud palpation) performed by
trained medical providers to assess dimensions of
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breast development and pubic hair growth as well as
real-time self-reports to assess age at menarche.

Notable weaknesses of the current study design are
the somewhat infrequent (annual) and late (beginning
at age 9.5) Tanner staging assessments of pubertal de-
velopment, leading to interval- and left-censored
observations. However, censored observations were
accommodated by fitting accelerated time models.
Another weakness is the small number of non-white
girls, limiting the generalizability of the results.
Attrition analyses, comparing the girls retained in the
current sample to the girls excluded because they did
not participate in the Tanner staging assessments, in
fact, showed disproportionate loss among girls with
mothers who were less educated. A related weakness
is the exclusive focus on girls, albeit consistent with
the broader literature in which there are few similar
studies of boys. Future studies in boys are warranted,
however, as some links between ELA and pubertal
timing (Brown et al., 2004) and pubertal timing and
cardiometabolic risk (Hardy et al., 2006; Widen et al.,
2012) have also been observed in boys. In addition,
the current study lacks adequate assessment of pre-
pubertal health variables. For example, pre-pubertal
blood samples were not obtained which would have
enabled the examination of relevant underlying bio-
logical processes (e.g., insulin resistance). Finally, the
potential connection of the current findings to cardio-
metabolic health in the post-pubertal period is only
speculative. A follow-up study of the NICHD
SECCYD, however, is currently underway in which
the participants, who are now adults, are being
assessed on relevant dimensions of cardiometabolic
risk, enabling the examination of links between ELA
exposures, pubertal development, and cardiometa-
bolic health over the life course.

Conclusions

Results of the current study showed higher childhood
SES was related directly, and secure (vs. insecure)
mother–child attachment was related indirectly (via
pre-pubertal BMI), to later pubertal timing, suggesting
these factors may protect girls from earlier pubertal
development. Results point to potential intervention
opportunities to reduce ELA- and pre-pubertal obe-
sity-related risk, either by mitigating direct impacts of
ELA exposures or by augmenting specific attachment-
based parenting behaviors to enhance healthy weight
maintenance, thereby, reducing risk for earlier puberty
and subsequent cardiometabolic disease.
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