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Early Puberty and Telomere Length in Preadolescent Girls and Mothers
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Objective To test the association between early puberty and telomere length in preadolescent girls and mothers
from a large representative sample of US females.
Study design We analyzed data from 1194 preadolescent girls and 2421 mothers from the Fragile Families and
Child Wellbeing Study. Participants were from a population-based birth cohort (1998-2000) born in large US cities.
Telomere length was assessed by quantitative polymerase chain reaction from saliva samples provided by pread-
olescent girls and mothers of preadolescent youth. Mothers completed a questionnaire about their child’s pubertal
development to determine concurrent Tanner stages and provided self-reports of her own age at menarche. Linear
regression models were used to estimate the association between pubertal development (status and timing) and
telomere length.
Results Early pubertal timing but not pubertal statuswas associatedwith shorter telomere length in preadolescent
girls (P < .01). Early age at menarche was associated with shorter telomere length in a sample of mothers of pread-
olescent youth (P < .05).
Conclusions Results provide evidence for the association between early puberty and shorter telomeres evi-
denced by associations in both preadolescent girls and mothers. Future research should address the limitations
of this study by using longitudinal measurements of pubertal development assessed through medical examinations
and repeated assessments of telomere length to capture telomere attrition. (J Pediatr 2020;222:193-9).

T
elomeres are repetitive DNA sequences (TTAGGG) located at the ends of each chromosome that serve as a protective cap
against loss of genomic information.1 Telomeres shorten with each cell division. Because of this, telomere length is
commonly associated with chronological age and posited as a biomarker for biological aging despite mixed findings

to date of its usefulness.2 Yet chronological age does not account for all variation in telomere length among individuals.3 Telo-
mere length shortening may constitute a response to a broad range of stressors. For example, telomere length is associated with
individual differences in exposure to social and environmental stressors and stress biology.4,5

Like telomere length, early pubertal timing has been posited as a form of accelerated aging, indicative of accelerated matu-
ration into adulthood, following early life adversity.6 Early pubertal timing is associated with a variety of forms of social adver-
sity during childhood including socioeconomic status, father absence, family dysfunction, and sexual abuse.7-9 Additionally, the
experience of early pubertal timing itself may serve as a social stressor during adolescence.10 Increased social stressors that
accompany early pubertal development may be associated with changes in stress biology,6 which in turn has been associated
with shorter telomere length.5

In addition to associations with chronological age and stressors, telomeres may also shorten more rapidly during times of
greater growth, as evidenced by research with animals.11 Among humans, puberty is associated with rapid growth, including
increases in both height and weight, as well as the emergence of secondary sex characteristics.12 Given this time of accelerated
growth and development, puberty may be a point in development demonstrating greater telomere shortening. The timing of
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Table I. Descriptive statistics among preadolescent
girls and maternal samples

Characteristics
Assessment

age
Preadolescent
girls only

Mothers
(full sample)

No. with telomere
length data

9 1194 2421

Maternal race/ethnicity Birth
White 246 (20.7) 501 (20.8)
Black 585 (49.1) 1157 (47.8)
Hispanic 325 (27.3) 676 (28.0)
Other 35 (2.9) 80 (3.3)

Maternal education Birth
Less than high

school degree
453 (38.0) 922 (38.1)

High school diploma
or equivalent

326 (27.3) 630 (26.0)

Some college 307 (25.7) 611 (25.3)
College degree 107 (9.0) 256 (10.6)

Marital status - married Birth 262 (21.9) 593 (24.5)
Child sex - female Birth 1194 (100.0) 1172 (48.4)
Family income Birth $32.2K � 31.5K $32.9K � 32.2K
Maternal age 9 34.31 � 6.01 34.28 � 5.92
Child age 9 9.27 � 0.36 9.26 � 0.36
Maternal BMI 9 31.91 � 8.66 31.47 � 8.39
Child BMI 9 19.91 � 4.79 19.50 � 4.50
Maternal age at

menarche
9 12.24 � 1.77 12.33 � 1.75

Child Tanner stage -
adrenal

9 1.56 � 0.85 —

1 766 (64.4) —
2 213 (17.9) —
3 175 (14.7) —
4 35 (2.9) —
5 0 (0) —

Early puberty - adrenal 202 (12.6) —
Child Tanner stage -

gonadal
9 2.10 � 0.83 —

1 328 (27.6) —
2 431 (36.2) —
3 414 (34.8) —
4 10 (0.8) —
5 6 (0.5) —

Early puberty - gonadal 435 (27.1) —
Telomere length (Kbp) 9 8.14 (2.68) 6.65 (2.06)
Telomere length (ln) 9 2.05 (0.32) 1.85 (0.30)

BMI, body mass index.
The sample size differs as all mothers regardless of child sex were included in analyses.
Values are number (%) or mean � SD.
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telomere length in preadolescent girls. We also hypothesized
that earlier menarche, indicative of an earlier transition to
adulthood, would be associated with shorter telomere length
in a sample of mothers.

Methods

We used data from the FFCW study, a population-based
cohort study of 4898 children born between 1998 and 2000
in 20 large US cities with populations of 200 000 or greater.
Families were surveyed in the hospital after the birth of their
child and again when children were 1, 3, 5, and 9 years of age.
The study design included an oversampling of nonmarital
births (3:1), resulting in a disproportionate sample of
economically disadvantaged families. At the age 9 assess-
ment, children and mothers provided salivary DNA using
the Oragene DNA collection kit (Genotek Inc, Murietta, Cal-
ifornia). To examine the association between puberty and
telomere length, 2 sets of participants were examined. First,
we included all girls with telomere length data (n = 1194;
mean age, 9.27 � 0.36 years; range, 8.67-11.92). Given the
sample collection at age 9, boys were excluded from this
investigation because they enter puberty at older ages relative
to girls.14 Second, we examined all mothers in the FFCW
study with telomere length data (n = 2421). Demographic
characteristics of the sample of mothers and preadolescent
girls are reported in Table I. Comparisons among those
participants with telomere length data and the larger FFCW
sample are provided in Table II and Table III (available at
www.jpeds.com).

Telomere Length
Maternal and child telomere length was assessed from saliva
samples collected at the age 9 assessment. Detailed informa-
tion regarding the telomere length measurement in this sam-
ple is described in Mitchell et al.15 Briefly, telomere length
was determined using a quantitative real-time polymerase
chain reaction (qPCR) method that incorporates a double-
stranded oligomer standard to permit the measurement of
absolute telomere length (in kilobases per telomere as previ-
ously described15,16). More specifically, an 84-mer double
stranded oligonucleotide containing the sequence TTAGGG
was used to create a standard curve for telomere quantity and
a 79-mer double stranded oligonucleotide containing
sequence from the 36B4 gene was used to create a standard
curve for the reference gene. Telomere length was calculated
by dividing the telomere quantity by the reference gene quan-
tity. This number was then divided by 92 to determine telo-
mere length per telomere. Each sample was assayed twice by
qPCR; once using primers to amplify telomeric sequences
and a second time using primers to amplify 36B4. Samples
(3 ng) were measured in triplicate and the results averaged.
In addition to the appropriate standards, each 96-well plate
contained 3 DNA samples that were repeated on each run
to mitigate batch effects. These DNA samples, standards,
and primers were diluted to the appropriate concentrations
and batch frozen in single use aliquots for the project. The
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qPCR reaction was run using Quantitect SybrGreen (Qiagen,
Hilden, Germany) on a Stratagene Mx3005P QPCR system
(Agilent Technologies, Santa Clara, California). One of the
3 samples repeated every run was genomic DNA from a cell
line with a relatively short telomere (3C167b) and another
was genomic DNA from a fibroblast cell line containing a sta-
bly integrated hTERT gene (NHFpreT).17,18 These were
included as reference samples to normalize for inter-run vari-
ation. The third sample repeated on every run was genomic
DNA purified from volunteer saliva. This run was used to
calculate the coefficient of variation. Inter-run normalization
was done by dividing the geometric mean of the 2 cell line
telomere quantities from each run by the geometric mean
of the 2 cell line telomere quantities from all the runs to create
a normalization factor for each run. Each sample telomere
quantity was divided by its run’s normalization factor. This
normalization procedure was repeated for the 36B4
Koss et al
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quantities. The normalized Tel quantities were divided by the
normalized 36B4 quantities. This number was then divided
by 92 to generate telomere length per telomere. Outliers,
defined as 1% of samples at both ends of the distribution,
were removed from the data. To account for the skewedness
of the data, telomere length was logged transformed. The co-
efficient of variation in this sample was less than 11%.

Adolescent Pubertal Development
At the age 9 assessment, mothers completed the Pubertal
Development Scale (PDS).19 Mothers rated their child’s pu-
bertal development on a 4-point scale (no, yes barely, yes
definitely, development is complete) for 5 items (growth
spurt, breast development, menarche, skin changes, pubic
or underarm hair growth). PDS scores were converted into
Tanner stages using the coding system put forth by Shirtcliff
et al, resulting in 2 Tanner stage scores that differentially
assess physical development associated with gonadal (eg,
growth spurt, breast development, and menarche items)
and adrenal (body hair and skin change items) hormonal sig-
nals.20 The gonadal and adrenal Tanner scores were moder-
ately correlated (r = .36; P < .001). Given the expected low
frequency of Tanner stages 4 and 5 (Table I), scores were
recoded to reflect Tanner stages 1, 2, and 3+. To examine
the role of pubertal timing, girls with Tanner stages of 3+
at ages 8 (7.50-8.49 years) or 9 (8.50-9.49 years) were
coded as having experienced early puberty. All others (eg,
Tanner stages of 1 or 2 at ages 8 or 9 and all Tanner stages
at age 10 or older) were coded as on time/late puberty.

Maternal Age at Menarche
At the age 9 assessment, mothers provided self-reports of her
own age at menarche. Reports of age at menarche ranged
from ages 7 to 21 years of age.

Covariates
All analyses accounted for several characteristics measured at
the start of the study (eg, time of child’s birth) including
maternal-reported race/ethnicity, maternal education, family
income, and marital status. Mothers and children also pro-
vided chronological age at the time of the telomere length
assessment. Body mass index scores for mothers and children
were calculated from height and weight measurements taken
at the in-home assessment.

Data Analytic Plan
Analyses were conducted in 3 parts: descriptive statistics are
reported, followed by separate regression analyses for pread-
olescent girls and mothers. Regression analyses included
maternal education, race/ethnicity, family income, marital
status, body mass index, and chronological age as covariates.
To account for the potential clustering based on birth city, we
report 2 sets of analyses. First, we included a series of
dummy-coded variables to control for city fixed effects. Sec-
ond, we used TYPE=COMPLEX in Mplus software (Muth�en
& Muth�en, Los Angeles, California)21 with maximum likeli-
hood estimation with robust standard errors which uses a
Early Puberty and Telomere Length in Preadolescent Girls and M
sandwich estimator to account for the nonindependence of
observations due to clustering within birth city. Results
from both approaches are reported to demonstrate consis-
tency in findings across analytical choice.
Results

Descriptive Statistics
There was a moderate correlation between child and
maternal telomere length (r = .31; P < .001). Frequency of
Tanner stages and pubertal timing for preadolescent girls
and means of maternal age at menarche and telomere length
are reported in Table I. In our sample, 12.6% (adrenal) and
27.1% (gonadal) of preadolescent girls experienced early
pubertal timing. There was also a weak correlation between
maternal age at menarche and preadolescent pubertal status
for both Tanner scores (adrenal: r = �0.11; P < .001;
gonadal: r = �0.14; P < .001).
Puberty and Telomere Length among
Preadolescent Girls
Analyses include Tanner stages (1, 2, and 3+) and pubertal
timing (0 = on time/late, 1 = early) for both adrenal and
gonadal indices. Results are displayed in Table IV. Tanner
stages, reflecting pubertal status, were not associated with
telomere length nor was adrenal pubertal timing among girls.
However, early gonadal pubertal timing was significantly
associated with shorter telomere length among girls (model
1a: b = �0.12, P = .01; model 1b: b = �0.12, P < .001;
Figure 1). To further examine the role of pubertal timing,
the interaction between Tanner stage and chronological age
was also examined. There was a significant chronological age
by gonadal Tanner stage interaction (model results are
available in the Appendix [available at www.jpeds.com];
Table V and Table VI [available at www.jpeds.com]; and
Figure 2 and Figure 3 [available at www.jpeds.com]),
suggesting that the association of gonadal pubertal status and
telomere length is contingent on chronological age.
As a sensitivity analysis, pubertal timing using alternative

cut-points for coding early puberty were examined. Early
gonadal puberty timing was significantly associated with
shorter telomere length among girls across all alternate cod-
ing (Appendix and Table V). Additional analyses among
puberty, chronological age, and telomere length are
available in the Appendix, Table VI, Figure 2, and Figure 3.
With regard to covariates included in the statistical model,

parental marital status at birth was the only covariate signif-
icantly associated with girl’s telomere length (being born to
unmarried parents was of a similar magnitude to the associ-
ation of early pubertal timing; Table IV).
Last, we examined associations between the individual

items of the PDS and telomere length in preadolescent girls.
Having demonstrated a growth spurt was the only item of the
PDS to reach statistical significance with shorter telomere
length (city fixed effects model: b = �0.08, P = .01; clustered
by city model: b = �0.07, P = .02).
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Table IV. Linear regression results for preadolescent girl telomere length

Variables

Model 1a: city fixed effects Model 1b: clustered by city

b 95% CI P b 95% CI P

Maternal race/ethnicity - Black �0.01 �0.10 to 0.08 .84 0.05 �0.04 to 0.14 .24
Maternal race/ethnicity - Hispanic 0.07 �0.02 to 0.16 .15 0.08 �0.01 to 0.17 .07
Maternal race/ethnicity - Other �0.03 �0.09 to 0.02 .23 �0.03 �0.06 to 0.01 .10
Maternal education - high school �0.03 �0.10 to 0.03 .31 �0.04 �0.10 to 0.02 .18
Maternal education - some college 0.01 �0.06 to 0.07 .88 �0.01 �0.07 to 0.05 .84
Maternal education - college 0.02 �0.05 to 0.91 .58 0.03 �0.04 to 0.10 .46
Marital status at birth 0.11 0.04 to 0.18 .01† 0.12 0.06 to 0.19 <.001‡

Income (ln) at birth 0.03 �0.04 to 0.10 .50 0.02 �0.04 to 0.08 .42
Preadolescent BMI 0.03 �0.03 to 0.09 .37 0.02 �0.03 to 0.08 .37
Preadolescent chronological age �0.07 �0.14 to 0.01 .08 �0.04 �0.12 to 0.04 .33
Pubertal status - adrenal Tanner Stage 0.04 �0.06 to 0.13 .45 0.03 �0.07 to 0.13 .52
Pubertal Status - gonadal Tanner stage 0.04 �0.05 to 0.13 .35 0.05 �0.03 to 0.13 .25
Pubertal adrenal timing 0.01 �0.08 to 0.10 .78 0.02 �0.06 to 0.11 .61
Pubertal gonadal timing �0.12 �0.21 to �0.03 .01† �0.12 �0.18 to �0.05 <.001‡

R2 0.06 0.03
Number 1173 1173

*P < .05.
†P < .01.
‡P < .001.
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Age of Menarche and Telomere Length among
Mothers
Older age at menarche for mothers was significantly associ-
ated with longer telomere length (model 2a: b = .04,
P = .03; model 2b: b = .05, P < .001) controlling for her cur-
rent chronological age (Table VII). Of covariates, household
income at the time of the child’s birth was associated with
longer telomere length 9 years later and all racial and
ethnic minorities had longer telomere length compared
with white mothers (Table VII).

Discussion

Findings from preadolescent girls and mothers with a pread-
olescent child in the same sample demonstrate converging
evidence. Earlier pubertal timing in preadolescent girls was
associated with shorter telomere length. Additionally, among
Figure 1. Pubertal status and pubertal timing and telomere lengt
difference. Pubertal timing early vs on time/late is significant at P <
by city model.

196
mothers, earlier age at menarche was associated with shorter
telomere length measured later in adulthood. These results
are consistent with research demonstrating an association be-
tween puberty and telomere length in a small sample (n = 70)
of children ages 5-15 years.22 However, in this study we find
that pubertal timing, rather than pubertal status, was associ-
ated with telomere length. The differences across studies may
reflect the variation of chronological ages of study partici-
pants; our study included a narrower range of ages and con-
sisted of only female youth.
There are several reasons for why early puberty may be

related to shorter telomere length. First, environmental
stressors may account for the relation between early puberty
and shorter telomere length.23 Early life adversity such as
maltreatment, father absence, and violence exposure, is
associated with both early puberty and shorter telomere
length.24-29 Early pubertal timing and shorter telomere length
h among preadolescent girls. Bracket indicates significant
.01 in the city fixed effects model and P < .001 in the clustered
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Table VII. Linear regression results for maternal telomere length

Variables

Model 2a: city fixed effects Model 2b: clustered by city

b 95% CI P b 95% CI P

Maternal race/ethnicity - Black 0.07 0.01 to 0.14 .02* 0.10 0.02 to 0.18 .01†

Maternal race/ethnicity - Hispanic 0.13 0.06 to 0.19 <.001‡ 0.12 0.03 to 0.21 .01†

Maternal race/ethnicity - Other 0.07 0.02 to 0.11 .01† 0.06 0.02 to 0.10 .01†

Maternal education - high school 0.00 �0.05 to 0.04 .90 �0.01 �0.05 to 0.03 .67
Maternal education - some college 0.03 �0.02 to 0.08 .28 0.02 �0.03 to 0.06 .48
Maternal education - college �0.02 �0.07 to 0.04 .55 �0.02 �0.07 to 0.04 .50
Marital status at birth �0.02 �0.07 to 0.03 .47 �0.01 �0.06 to 0.04 .71
Income (ln) at birth 0.06 0.02 to 0.11 .01† 0.05 0.003 to 0.10 .04*
Maternal BMI 0.01 �0.03 to 0.05 .68 0.00 �0.04 to 0.05 .89
Maternal chronological age �0.04 �0.09 to 0.01 .11 �0.03 �0.09 to 0.02 .23
Maternal age at menarche 0.05 0.01 to 0.09 .03* 0.05 0.02 to 0.08 <.001‡

R2 0.04 0.02
Number 2214 2214

*P < .05.
†P < .01.
‡P < .001.
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may both reflect accelerated aging in response to early life
adversity. Moreover, social stressors that accompany the
experience of early pubertal timing may constitute an addi-
tional form of stress that is associated with shorter stress-
induced telomere length.

The pubertal transition itself, separate from experiences of
social stressors of early pubertal timing, is characterized by
shifts in hormonal production, including hormones found
to influence telomerase and telomere length. For example,
an upregulation in cortisol production, measured by reac-
tivity to social stressors, is evident during the pubertal tran-
sition.30-32 Cortisol reactivity, diurnal slope, and urinary
evening cortisol have been found to be associated with
shorter leukocyte telomere length.32,33 Moreover, cortisol
reactivity to an acute stressor preceded leukocyte telomere
attrition across a 3-year period in adults.34

For preadolescent girls, we find that early gonadal pubertal
timing, but not adrenal pubertal timing, was associated with
shorter telomere length. The differential associations between
gonadal and adrenal pubertal timing with telomere length
may in part be due to the fact that certain markers of puberty
(eg, breast development and growth spurt both included in
the gonadal measurement) are more easily observed than
other pubertal changes (eg, body hair growth included in
the adrenal measurement), which may contribute to a differ-
ential impact on youth’s psychosocial stress. Indeed, the ef-
fects of pubertal maturation for psychosocial outcomes
have been shown to differ across distinct secondary sex char-
acteristics.35 Whether these developmental changes exert
positive or negative influences on youth’s psychosocial devel-
opment may vary as a result of timing, because early pubertal
timing is generally associated with a heightened risk for psy-
chopathology in girls.36 These visible aspects of pubertal
development may be more strongly associated with stress
for young girls experiencing puberty before same-aged peers.

Among adolescent girls in the present study, parental
report of a growth spurt was the individual item from the
Early Puberty and Telomere Length in Preadolescent Girls and M
PDS most strongly associated with shorter telomere length.
Peak velocity in growth for girls occurs near the time of breast
budding.37 Thus, the growth spurt itemmay correspond with
the social changes tied to the emergence of secondary sex
characteristics. Beyond theories of psychological and biolog-
ical stress linking pubertal timing and telomere length, pu-
berty is associated with vast developmental changes,
including changes in the rate of growth. The accelerated
growth rate during a growth spurt may require more rapid
cell division accounting for shorter telomere length relative
to girls who have not yet begun the pubertal transition. Vari-
ation in rates of cell division at different developmental pe-
riods may contribute to differences in telomere shortening
in vertebrates.38 For example, relative to adults, more rapid
telomere shortening (eg, rate of change in telomere length)
in blood is found in infants, also a developmental period
associated with rapid body growth.39 Relative to their
same-aged counterparts, earlier pubertal timing may result
in individual differences in telomere length that are main-
tained into adulthood.
In addition to the age of menarche, maternal telomere

length was associated with race and ethnic differences in telo-
mere length. Consistent with previous research, Black, His-
panic, and other racial and ethnic minority women had
longer telomere length relative to non-Hispanic White fe-
males.40,41 However, we do not find evidence for race and
ethnic differences among our preadolescent girls.
This work should be interpreted in light of several limita-

tions. First, pubertal measures in this study were limited to
parent-reported pubertal development at 1 point in time
rather than the use of a pubertal examination conducted by
a physician or nurse, as well as longitudinal assessments that
allow for examining pubertal timing and tempo. Parents
tend to underestimate early pubertal development when
compared with a physical examination and this factor may
add additional error to the estimates of pubertal development
(status and timing).42 As such, the findings in this study may
others 197
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represent a conservative estimate of the association of early
gonadal pubertal timing on youth’s telomere length. Further-
more, because the items in the adrenal pubertal measurement
include less overt changes such as body hair growth, theremay
bemore error in parents’ reports that contribute to the differ-
ences in findings across the gonadal and adrenal scales. In the
absence of clear clinical guidelines for ages associated with
early puberty at each Tanner stage, the chronological age
used for coding early pubertal timing was consistent with
available empirical evidence on preadolescent girls
(collapsing across racial groups and secondary sexual charac-
teristics).43 As the use of cut-off scoresmay be somewhat arbi-
trary, we also conducted sensitivity analyses that categorized
early pubertal timing using multiple different age cut points
and the results were consistent bolstering the conclusion
that early gonadal pubertal timingwas associatedwith shorter
TL among preadolescent girls. Last, maternal age atmenarche
was assessed using retrospective reports, which are subject
to inaccurate recall. However, perceptions of pubertal timing
are associated with psychosocial outcomes into adulthood,
highlighting the potential importance of these retrospective
reports.44

It should be noted that this study used telomere length
derived from salivary DNA. Absolute measures of telomere
length may differ by tissue source that limits direct compar-
ison of length across tissue type. However, research demon-
strates that salivary telomere length is significantly correlated
with telomere length derived from blood suggesting consis-
tency in individual differences across tissue type when exam-
ining telomere length as a biomarker.9,45 Salivary telomere
length represents a noninvasive collection method suitable
for large population-based cohorts such as the FFCW study.

Despite these limitations, this research demonstrates that
earlier pubertal timing is associated with shorter telomere
length in a diverse population of preadolescent girls and
mothers of preadolescent youth. Puberty is a time character-
ized by shifts in hormonal production, increases in social
stressors, and greater growth and development, necessitating
more rapid cell division, each of which may be associated
with shorter telomere length. Results from mothers in this
study demonstrate that these individual differences may be
sustained beyond the pubertal transition. Telomere length
has been proposed as a marker of accelerated biological
aging23 and earlier pubertal development, relative to same-
aged peers, may indicate accelerated development into adult-
hood. Future research should examine the environmental
and genetic contributions to pubertal timing and telomere
length. Data will be available in the coming years in the
FFCW study that will allow for examining the shared and
unique genetic influences of mothers and daughters related
to pubertal timing and telomere length.

Last, these findings have clinical implications for preven-
tion and intervention for youth. To the extent that both early
pubertal timing and shorter telomere length are associated
with childhood adversity, intervention to ameliorate social
adversity before the onset of early pubertal timing constitutes
a target for intervention and policy that may disrupt develop-
198
mental cascades between early life adversity and later health
and well-being. Research demonstrates that the perceptions
of pubertal timing may exert influences on psychosocial out-
comes and psychopathology both concurrently in adoles-
cence and beyond into adulthood.36,44,46 Decreasing the
social stress associated with early pubertal timing, providing
youth with social support, and increasing their coping skills
may help to offset the potentially deleterious effects of early
puberty and may constitute an additional target for interven-
tion efforts.6,10 n

We thank Iulia Kotenko, Princeton University, for her technical assis-
tance with the telomere length assays.

Submitted for publication Sep 6, 2019; last revision received Jan 30, 2020;

accepted Feb 27, 2020.

Reprint requests: Kalsea J. Koss, PhD, University of Georgia, 405 Sanford

Drive, Athens, GA 30602. E-mail: kalsea.koss@uga.edu
References
1. Blackburn EH, Epel ES, Lin J. Human telomere biology: a contributory

and interactive factor in aging, disease risks, and protection. Science

2015;350:1193-8.

2. Mather KA, Jorm AF, Parslow RA, Christensen H. Is telomere length a

biomarker of aging? a review. J Gerontol A Biol Sci Med Sci 2011;66:

202-13.

3. Sanders JL, Newman AB. Telomere length in epidemiology: a biomarker

of aging, age-related disease, both, or neither? Epidemiol Rev 2013;35:

112-31.

4. Oliveira BS, Zunzunegui MV, Quinlan J, Fahmi H, Tu MT, Guerra RO.

Systematic review of the association between chronic social stress and

telomere length: a life course perspective. Ageing Res Rev 2016;26:37-52.

5. Shalev I, Entinger S, Wadhwa PD, Wolkowitz OM, Puterman E, Lin J,

et al. Stress and telomere biology: a lifespan perspective. Psychoneuroen-

docrinology 2013;38:1835-42.

6. Joos CM,Wodzinski AM,WadsworthME, Dorn LD. Neither antecedent

nor consequence: developmental integration of chronic stress, pubertal

timing, and conditionally adapted stress response. Dev Rev 2018;48:1-

23.

7. Mendle J, Ryan RM, McKone KM. Early childhood maltreatment and

pubertal development: replication in a population-based sample. J Res

Adolesc 2015;26:595-602.

8. Sun Y, Mensah FK, Azzopardi P, Patton GC, Wake M. Childhood social

disadvantage and pubertal timing: a national birth cohort from

Australia. Pediatrics 2017;139:e20164099.

9. Zhang L, Zhang D, Sun Y. Adverse childhood experiences and early pu-

bertal timing among girls: a meta-analysis. Intl J Environ Res Public

Health 2019;16:2887.

10. Graber JA, Nichols TR, Brooks-Gunn J. Putting pubertal timing in devel-

opmental context: implications for prevention. Dev Psychobiol 2010;52:

254-62.

11. Pauliny A, Devlin RH, Johnsson JI, Blomgvist D. Rapid growth acceler-

ates telomere attrition in transgenic fish. BMC Evol Biol 2015;15:159.

12. Warren MP. Physical and biological aspects of puberty. In: Brooks-

Gunn J, Petersen EC, eds. Girls at puberty: biological and psychosocial

perspectives. New York, NY: Springer; 1983. p. 3-28.

13. ArchibaldAB,Graber JA, Brooks-Gunn J. Pubertal processes and physiolog-

ical growth in adolescence. In: AdamsG, BerzonksyM, eds. BlackwellHand-

book of Adolescence.Malden,MA: Blackwell Publishing Ltd; 2003. p. 24-48.

14. Lee PA. Normal ages of pubertal events among American males and fe-

males. J Adolesc Health 1980;1:26-9.

15. Mitchell CM, Hobcraft J, McLanahan S, Rutherford Siegel S, Berg A,

Brooks-Gunn J, et al. Social disadvantage, genetic sensitivity, and chil-

dren’s telomere length. Proc Natl Acad Sci U S A 2014;111:5944-9.
Koss et al

mailto:kalsea.koss@uga.edu
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref1
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref1
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref1
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref2
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref2
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref2
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref3
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref3
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref3
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref4
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref4
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref4
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref5
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref5
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref5
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref6
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref6
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref6
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref6
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref7
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref7
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref7
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref8
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref8
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref8
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref9
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref9
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref9
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref10
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref10
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref10
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref11
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref11
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref12
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref12
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref12
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref13
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref13
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref13
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref14
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref14
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref15
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref15
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref15


July 2020 ORIGINAL ARTICLES
16. O’Callaghan NJ, Fenech M. A quantitative PCR method for measuring

absolute telomere length. Biol Proced Online 2011;13:3.

17. Wang S, Zhu J. Evidence for a relief of repression mechanism for activa-

tion of the human telomerase reverse transcriptase promoter. J Biol

Chem 2003;278:18842-50.

18. Cheng D, Zhao Y,Wang S, RussoM, McMahon SB, Zhu J. Repression of

telomerase gene promoter requires human-specific genomic context and

is mediated by multiple HDAC1-containing corepressor complexes. FA-

SEB J 2017;31:1165-78.

19. Petersen A, Crockett L, Richards M, Boxer A. A self-report measure of

pubertal status: reliability, validity, and initial norms. J Youth Adolesc

1988;17:117-33.

20. Shirtcliff EA, Dahl RE, Pollak SD. Pubertal development: correspon-

dence between hormonal and physical development. Child Dev

2009;80:327-37.

21. Muth�en LK, Muth�en BO. Mplus User’s Guide. 8th ed. Los Angeles, CA:

Muth�en & Muth�en; 1998-2017.

22. Drury SS, Shirtcliff EA, Shachet A, Phan J, Mabile E, Brett ZH, et al.

Growing up or growing old? Cellular aging linked with testosterone reac-

tivity to stress in youth. Am J Med Sci 2014;348:92-100.

23. Belsky J, Shalev I. Contextual adversity, telomere erosion, pubertal devel-

opment, and health: two models of accelerated aging, or one? Dev Psy-

chopathol 2016;28:1367-83.

24. Henrichs KL,McCauley HL,Miller E, Styne DM, Saito N, Breslau J. Early

menarche and childhood adversities in a nationally representative sam-

ple. Int J Pediatr Endocrinol 2014;14.

25. Sumner JA, ColichNL, UddinM,ArmstrongD,McLaughlin KA. Early ex-

periences of threat, but not deprivation, are associatedwithacceleratedbio-

logical aging in children and adolescents. Biol Psychiatry 2019;85:268-78.

26. Webster GD, Graber JA, Gesselman AN, Crosier BS, Orozco T. A life his-

tory theory of father absence and menarche: a meta-analysis. Evol Psy-

chol 2014;12:273-94.

27. Mitchell CM, McLanahan S, Schneper L, Garfinkel I, Brooks-Gunn J,

Notterman DA. Father loss and child telomere length. Pediatrics

2017;140:e20163245.

28. Shalev I, Moffitt TE, Sugden K, Williams B, Houts RM, Danese A, et al.

Exposure to violence during childhood is associated with telomere

erosion from 5 to 10 years of age: a longitudinal study. Mol Psychiatry

2013;18:576-81.

29. Tyrka AR, Price LH, KaoHT, Porton B,Marsella SA, Carpenter LL. Child-

hood maltreatment and telomere shortening: preliminary support for an

effect of early stress on cellular aging. Biol Psychiatry 2010;67:531-4.

30. Blumenthal H, Leen-Feldner EW, Badour CL, Trainor CD, Babson KA.

Pubertal maturation and cortisol level in response to a novel social envi-

ronment among female adolescents. J Adolesc 2014;37:893-900.

31. Gunnar MR, Wewerka S, Frenn K, Long JD, Griggs C. Developmental

changes in hypothalamus-pituitary-adrenal activity over the transition
Early Puberty and Telomere Length in Preadolescent Girls and M
to adolescence: normative changes and associations with puberty. Dev

Psychopathol 2009;21:69-85.

32. Stroud LR, Foster E, Papandonatos GD, Handwerger K, Granger DA,

Kivlighan KT, et al. Stress response and the adolescent transition: perfor-

mance versus peer rejection stressors. Dev Psychopathol 2009;21:47-68.

33. Tomiyama AJ, O’Donovan A, Lin J, Puterman E, Lazaro A, Chan J, et al.

Does cellular aging relate to patterns of allostasis? An examination of

basal and stress reactive HPA axis activity and telomere length. Physiol

Behav 2012;106:40-5.

34. Steptoe A, Hamer M, Lin J, Blackburn EH, Erusalimsky JD. The longitu-

dinal relationship between cortisol responses to mental stress and leuko-

cyte telomere attrition. J Clin Endocrinol Metab 2017;102:962-9.

35. Brooks-Gunn J,WarrenMP. The psychological significance of secondary

sexual characteristics in nine- to eleven-year-old girls. Child Dev

1988;59:1061-9.

36. Graber JA. Pubertal timing and the development of psychopathology in

adolescence and beyond. Hormone Behav 2013;64:262-9.

37. Tanner JM. Growth and maturation during adolescence. Nutr Rev

1981;39:43-55.

38. Monaghan P, Ozanne SE. Somatic growth and telomere dynamics in ver-

tebrates: relationships, mechanisms, and consequence. Phil Transact R

Soc B Biol Sci 2018;373:20160446.

39. Zeichner SL, Palumbo P, Feng YR, Xiao X, Gee D, Sleasman J, et al.

Rapid telomere shortening in children. Blood 1999;93:2824-30.

40. Brown L, Needham B, Ailshire J. Telomere length among older U.S.

adults: differences by race/ethnicity, gender, and age. J Aging Health

2017;29:1350-66.

41. Hunt SC, Chen W, Gardner JP, Kimura M, Srinivasan SR, Eckfeldt JH,

et al. Leukocyte telomeres are longer in African Americans than in

whites: the national heart, lung, and blood institute family heart study

and the Bogalusa heart study. Aging Cell 2008;7:451-8.

42. Rasmussen AR, Wohlfahrt-Veje C, de Renzy-Martin KT, Hagan CP,

Tinggard J, Mouritsen A, et al. Validity of self-assessment of pubertal

maturation. Pediatrics 2015;135:86-93.

43. Herman-Giddens ME, Slora EJ, Wasserman RC, Bourdony CJ,

BhapkarMV, Koch GG,Hasemeier CM. Secondary sexual characteristics

and menses in young girls seen in office practice: a study from the pedi-

atric research in office settings network. Pediatrics 1997;99:505-12.

44. Mendle J, Beltz AM, Carter R, Dorn LD. Understanding puberty and its

measurement: ideas for research in a new generation. J Res Adolesc

2019;29:82-95.

45. Stout SA, Lin J, Hernandez N, Davis EP, Blackburn E, Carroll JE, et al.

Validation of minimally-invasive sample collection methods for mea-

surement of telomere length. Front Aging Neurosci 2017;9:397.

46. Graber JA, Lewinsohn PM, Seeley JR, Brooks-Gunn J. Is psychopathol-

ogy associated with the timing of pubertal development? J Am Acad

Child Adolesc Psychiatry 1997;36:1768-76.
others 199

http://refhub.elsevier.com/S0022-3476(20)30290-0/sref16
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref16
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref17
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref17
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref17
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref18
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref18
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref18
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref18
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref19
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref19
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref19
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref20
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref20
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref20
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref21
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref21
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref21
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref21
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref21
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref21
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref22
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref22
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref22
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref23
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref23
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref23
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref24
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref24
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref24
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref25
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref25
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref25
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref26
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref26
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref26
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref27
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref27
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref27
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref28
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref28
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref28
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref28
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref29
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref29
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref29
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref30
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref30
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref30
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref31
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref31
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref31
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref31
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref32
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref32
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref32
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref33
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref33
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref33
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref33
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref34
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref34
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref34
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref35
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref35
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref35
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref36
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref36
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref37
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref37
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref38
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref38
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref38
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref39
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref39
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref40
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref40
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref40
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref41
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref41
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref41
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref41
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref42
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref42
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref42
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref43
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref43
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref43
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref43
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref44
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref44
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref44
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref45
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref45
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref45
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref46
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref46
http://refhub.elsevier.com/S0022-3476(20)30290-0/sref46


Figure 2. Pubertal status by chronological age interaction and child telomere length. Significant interactions between girls’
chronological age and pubertal development (gonadal Tanner stage) in association with preadolescent girls’ adjusted predicted
telomere length.
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Figure 3. Johnson-Neyman plots of the gonadal pubertal stage-chronological age interaction on child telomere length. The
interaction between gonadal pubertal status and chronological age on child telomere length. The center line depicts the asso-
ciation between pubertal stage and telomere length as a function of chronological age. The outer lines represent the 95%
confidence band. The interaction is significant at values of chronological age where the confidence band does not contain the
0 line on the y-axis. City fixed effects model (top) and clustered by city model (bottom) are presented.
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Table II. Comparisons of children with and without telomere length data for demographic and study variables

Variables

Youth with telomere
length data

Not participating in age 9
assessment

Refused telomere length data
collection Other missing telomere length

M (SD) n M (SD) n F P M (SD) n F P M (SD) n F P

Income (ln) at birth 9.89 (1.25) 1194 9.78 (1.63) 711 2.80 .09 9.67 (1.85) 197 4.30 .04* 9.16 (2.13) 28 8.97 .01†

Marital status at birth 0.22 (0.41) 1194 0.29 (0.46) 711 12.42 <.001‡ 0.22 (0.41) 197 0.00 .97 0.21 (0.42) 28 0.00 .95
Child age 9.29 (0.40) 1191 9.42 (0.43) 195 17.98 <.001‡ 9.32 (0.46) 28 0.16 .69
Child BMI 19.91 (4.79) 1180 19.94 (4.51) 193 0.01 .93 18.68 (3.81) 27 1.75 .19
Adrenal pubertal status 1.53 (0.78) 1189 1.66 (0.81) 194 4.80 .03* 1.57 (0.79) 28 0.07 .79
Gonadal pubertal status 2.09 (0.79) 1189 2.09 (0.78) 194 0.01 .91 2.11 (0.83) 28 0.02 .89
Adrenal pubertal timing 0.13 (0.34) 1188 0.10 (0.31) 192 0.97 .32 0.14 (0.36) 28 0.04 .84
Gonadal pubertal timing 0.27 (0.45) 1188 0.23 (0.42) 192 1.55 .21 0.29 (0.46) 28 0.03 .87

n % n % c2 P n % c2 P n % c2 P

Maternal race/ethnicity 21.61 <.001‡ 18.77 <.001‡ 7.06 .07
White 246 20.7 159 22.4 31 15.7 8 28.6
Black 585 49.1 284 39.9 124 62.9 18 64.3
Hispanic 325 27.3 226 31.8 32 16.2 2 7.1
Other 35 2.9 42 5.9 10 5.1 0 0.0

Maternal education 18.13 <.001‡ 2.86 .41 3.00 .39
Less than high school

degree
453 38.0 317 44.6 70 35.5 10 35.7

High school degree 326 27.3 146 20.6 51 25.9 10 35.7
Some college 307 25.7 163 23.0 51 25.9 4 14.3
College degree 107 9.0 84 11.8 25 12.7 4 14.3

BMI, body mass index.
All comparisons are made to the group of participants with telomere length data. Marital status at birth was coded as 0 = unmarried or 1 = married. Income at birth was transformed using the natural
log transformation to account for skewness.
*P < .05.
†P < .01.
‡P < .001.
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Table III. Comparisons of mothers with and without telomere length data for demographic and study variables

Variables

Mothers with telomere
length data Not participating in age 9 assessment

Refused telomere length data
collection Other missing telomere length Nonbiological caregiver

M (SD) n M (SD) n F P M (SD) n F P M (SD) n F P M (SD) n F P

Income (ln) at birth 9.89 (1.31) 2421 9.83 (1.46) 1504 0.05 .82 9.72 (1.66) 432 6.72 .01† 9.76 (1.09) 55 0.50 .48 9.39 (1.68) 238 22.91 <.001‡

Marital status at birth 0.24 (0.43) 2421 0.27 (0.45) 1504 3.56 .06 0.24 (0.43) 432 0.16 .69 0.13 (0.34) 55 4.06 .04* 0.11 (0.32) 238 21.11 <.001‡

Maternal age 34.28 (5.92) 2408 34.73 (6.26) 424 2.09 .15 36.36 (6.16) 45 5.44 .02* 33.13 (5.48) 148 5.30 .02*
Maternal BMI 31.47 (8.39) 2259 30.21 (9.12) 351 6.72 .01† 31.07 (7.18) 31 0.07 .79 30.57 (5.79) 5 0.06 .81
Maternal Age at Menarche 12.33 (17.75) 2379 12.38 (1.63) 406 0.23 .63 12.96 (1.73) 45 5.55 .02* 12.35 (1.83) 141 0.01 .93

n % n % c2 P n % c2 P n % c2 P n % c2 P

Maternal race/ethnicity 23.52 <.001‡ 48.05 <.001‡ 8.38 .04* 10.37 .02*
White 501 20.8 329 21.9 69 16.0 9 16.4 63 26.5
Black 1157 47.9 619 41.3 280 64.8 31 56.4 123 51.7
Hispanic 676 28.0 470 31.3 66 15.3 10 18.2 47 19.7
Other 80 3.3 82 5.5 17 3.9 5 9.1 5 2.1

Maternal education 13.25 .01† 4.14 .25 0.68 .88 37.76 <.001‡

Less than high school
degree

922 38.1 640 42.6 144 33.4 21 38.2 130 54.9

High school degree 630 26.0 339 22.6 115 26.7 15 27.3 64 27.0
Some college 611 25.3 343 22.8 118 27.4 15 27.3 37 15.6
College degree 256 10.6 181 12.0 54 12.5 4 7.3 6 2.5

All comparisons are made to the group of participants with telomere length data. Marital status at birth was coded as 0 = unmarried and 1 = married. Income at birth was transformed using the natural log transformation to account for skewness.
*P < .05.
†P < .01.
‡P < .001.
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Table V. Linear regression results for adrenal and gonadal pubertal timing using different chronological age cut-
points for determining early pubertal timing

Chronological
age cut-points

City fixed effects Clustered by city

Adrenal pubertal timing Gonadal pubertal timing Adrenal pubertal timing Gonadal pubertal timing

b 95% CI P b 95% CI P b 95% CI P b 95% CI P

9.20 0.02 �0.08 to 0.11 .71 �0.13 �0.17 to �0.04 <.001‡ 0.01 �0.05 to 0.07 .67 �0.13 �0.21 to �0.04 .004†

9.30 0.02 �0.07 to 0.10 .73 �0.11 �0.19 to �0.03 .01† 0.01 �0.07 to 0.10 .74 �0.11 �0.15 to �0.02 .01†

9.40 0.03 �0.06 to 0.12 .53 �0.10 �0.19 to �0.01 .03* 0.03 �0.03 to 0.10 .31 �0.10 �0.12 to �0.02 .01†

9.50§ 0.01 �0.08 to 0.10 .80 �0.12 �0.21 to �0.03 .01† 0.02 �0.06 to 0.11 .61 �0.12 �0.18 to �0.05 <.001‡

9.60 0.02 �0.08 to 0.11 .73 �0.11 �0.20 to �0.01 .03* 0.03 �0.07 to 0.12 .56 �0.11 �0.18 to �0.03 .01†

9.70 0.02 �0.08 to 0.12 .66 �0.15 �0.25 to �0.06 .002† 0.03 �0.06 to 0.12 .48 �0.15 �0.24 to �0.06 <.001‡

9.80 0.01 �0.08 to 0.09 .91 �0.14 �0.16 to �0.03 .01† 0.02 �0.08 to 0.12 .73 �0.13 �0.22 to �0.04 .01†

Models including maternal race/ethnicity, maternal education, marital status at birth, income (ln) at birth, body mass index, chronological age, adrenal and gonadal pubertal status, and city (in a fixed
effects model).
*P < .05.
†P < .01.
‡P < .001.
§Early puberty for Tanner stage 3+ cut-point at 9.50 results are reported in Table IV.

Table VI. Linear regression results preadolescent girl telomere length

Variables

Model 3a: city fixed effects Model 3b: clustered by city

b 95% CI P b 95% CI P

Maternal race/ethnicity - Black �0.01 �0.10 to 0.08 .78 0.05 �0.04 to 0.13 .26
Maternal race/ethnicity - Hispanic 0.06 �0.03 to 0.15 .19 0.08 �0.01 to 0.17 .07
Maternal race/ethnicity - Other �0.04 �0.09 to 0.02 .20 �0.03 �0.06 to 0.00 .08
Maternal education - high school �0.03 �0.10 to 0.03 .30 �0.04 �0.10 to 0.02 .17
Maternal education - some college 0.00 �0.06 to 0.07 .93 �0.01 �0.07 to 0.05 .80
Maternal education - college 0.02 0.04 to 0.18 .61 0.03 �0.04 to 0.10 .47
Marital status at birth 0.11 �0.05 to 0.10 .01† 0.12 0.05 to 0.18 <.001‡

Income (ln) at birth 0.03 �0.10 to 0.04 .48 0.03 �0.04 to 0.09 .42
Preadolescent BMI 0.03 �0.03 to 0.09 .38 0.02 �0.03 to 0.08 .39
Preadolescent chronological age �0.03 �0.10 to 0.04 .36 �0.01 �0.08 to 0.06 .82
Pubertal status - adrenal Tanner stage 0.04 �0.02 to 0.10 .23 0.04 �0.05 to 0.14 .36
Pubertal Status - Gonadal Tanner stage �0.04 �0.10 to 0.02 .22 �0.03 �0.10 to 0.04 .35
Age � adrenal Tanner stage �0.02 �0.08 to 0.04 .55 �0.03 �0.07 to 0.02 .22
Age � gonadal Tanner stage 0.07 0.01 to 0.13 .03* 0.07 0.01 to 0.12 .01†

R2 0.06 0.03
Number 1173 1173

*P < .05.
†P < .01.
‡P < .001.

THE JOURNAL OF PEDIATRICS � www.jpeds.com Volume 222

199.e5 Koss et al


	Early Puberty and Telomere Length in Preadolescent Girls and Mothers
	Methods
	Telomere Length
	Adolescent Pubertal Development
	Maternal Age at Menarche
	Covariates
	Data Analytic Plan

	Results
	Descriptive Statistics
	Puberty and Telomere Length among Preadolescent Girls
	Age of Menarche and Telomere Length among Mothers

	Discussion
	References


