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Maternal psychosocial stress during pregnancy is associated
with newborn leukocyte telomere length
Sonja Entringer, PhD; Elissa S. Epel, PhD; Jue Lin, PhD; Claudia Buss, PhD; Babak Shahbaba, PhD;
Elizabeth H. Blackburn, PhD; Hyagriv N. Simhan, MD; Pathik D. Wadhwa, MD, PhD
OBJECTIVE: In adults, one of the major determinants of leukocyte telo-
mere length (LTL), a predictor of age-related diseases and mortality, is
cumulative psychosocial stress exposure. More recently we reported
that exposure to maternal psychosocial stress during intrauterine life is
associated with LTL in young adulthood. The objective of the present
study was to determine how early in life this effect of stress on LTL is
apparent by quantifying the association of maternal psychosocial stress
during pregnancy with newborn telomere length.
STUDY DESIGN: In a prospective study of N � 27 mother-newborn dy-
ads maternal pregnancy-specific stress was assessed in early gestation
and cord blood peripheral blood mononuclear cells were subsequently

collected and analyzed for LTL measurement.
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RESULTS: After accounting for the effects of potential determinants of
newborn LTL (gestational age at birth, weight, sex, and exposure to ante-
partum obstetric complications), there was a significant, independent, lin-
ear effect of pregnancy-specific stress on newborn LTL that accounted for
25% of the variance in adjusted LTL (� � �0.099; P � .04).
CONCLUSION: Our finding provides the first preliminary evidence in hu-
man beings that maternal psychological stress during pregnancy may
exert a “programming” effect on the developing telomere biology sys-
tem that is already apparent at birth, as reflected by the setting of new-
born LTL.
Key words: fetal/developmental programming of health and disease
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The contribution of various forms of
stress including psychological stress

to the origin and progression of many
complex, common aging-related health
disorders that represent the major global
burden of disease is well established.1

The effects of exposure to (maternal)
psychological stress during intrauterine
life appear to be particularly salient, with
important consequences for not only ad-
verse birth and neonatal outcomes, but
also for subsequent health and disease risk-
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tween stress and disease risk is an area of
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years telomere biology has emerged as a
particularly attractive candidate mecha-
nism in this context. Telomeres, noncod-
ing double-stranded repeats of guanine-
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rich tandem DNA sequences, and
shelterin protein structures that cap the
ends of linear chromosomes3,4 play a
entral, critical role in maintaining the
ntegrity (stability) of the genome and
ell. They protect chromosomes from
ecognition by the DNA damage-repair
ystem as DNA breaks. Because DNA
olymerase is unable to fully replicate
he 3’ end of the DNA strand (the so-
alled “end-replication problem”) telo-
eres shorten with each cell division.

ventually telomeres reach a critical
hort length, which, in turn, leads to cel-
ular senescence or apoptosis.5 Telomer-
se, a cellular enzyme, provides mainte-
ance of telomeres and can counteract
hortening and its functional conse-
uences by adding telomeric DNA to
hortened telomeres. In just the past few
ears, telomere biology has emerged as a
henomenon of exceptional interest,
oving well beyond its previously recog-

ized role as a biomarker of cellular ag-
ng and senescence to one that appears to
lay a causal and far more pervasive role

n regeneration of cells and tissues, phys-
ological function, and aging.6-8

Telomere maintenance has relevance
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cyte telomere length (LTL) in human be-
ings and/or reduced telomerase activity
has been consistently associated with
earlier mortality,9-11 and age-associated
disease risk (eg, cardiovascular disease,
hypertension, atherosclerosis, heart fail-
ure, type 2 diabetes).12-16 Interindividual
variation in adult LTL is a function of the
initial (newborn) setting of telomere
length (TL) and subsequent attrition
rate.17 With respect to the determinants
of the initial setting of TL, despite the
relatively high heritability of TL known
genetic variants (from candidate gene as
well as genome wide association studies
approaches) account for only a small
proportion of the variance in LTL,18-20

highlighting the potential importance of
intrauterine effects in the setting of TL at
birth.

The initial observation linking psy-
chological stress in adults with the activ-
ity of the telomere biology system21 has
ubsequently been replicated in several
ndependent studies.22-24 More recently

we made the first observation linking
maternal psychological stress exposure
during intrauterine life with shorter LTL

TABLE 1
Maternal and newborn characteris

Maternal characteristics

Sociodemographic
..........................................................................................................

Age (y), mean � SD
..........................................................................................................

Race/ethnicity
.................................................................................................

Non-Hispanic white
.................................................................................................

African American
..........................................................................................................

Annual family income
.................................................................................................

�$10,000
.................................................................................................

$10,000-25,000
.................................................................................................

�$25,000
...................................................................................................................

Pregnancy
..........................................................................................................

Presence of obstetric risk condition
..........................................................................................................

Multiparous
...................................................................................................................

Newborn characteristics
..........................................................................................................

Sex (female)
..........................................................................................................

Gestational age at birth (wk), mean � SD
..........................................................................................................

Birthweight (g), mean � SD
...................................................................................................................
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in young adulthood.25 At the present
time it is unknown whether the effect of
maternal stress during pregnancy on off-
spring TL is already evident at birth.
Based on observed stress-related altera-
tions in maternal-placental-fetal im-
mune and endocrine processes during
gestation26,27 and on the putative effects

f these processes on telomere biology28

we hypothesized that exposure to excess
maternal stress during pregnancy may
impact the fetal telomere biology system
in utero, and this effect may already be
apparent at birth. Hence, the objective of
the present study was to examine the
magnitude of the association between
maternal psychosocial stress during
pregnancy and that proportion of the
variance in newborn LTL not accounted
for by other potential determinants, ie,
newborn gestational age at birth, weight,
sex, and exposure to antepartum obstet-
ric complications.29-35

MATERIALS AND METHODS
Study participants
The study sample was a subsample of
women from a larger cohort of women at-

Mother-newborn dyads,
n � 27

..................................................................................................................

24.0 � 3.5
..................................................................................................................

..................................................................................................................

37% (n � 10)
..................................................................................................................

63% (n � 17)
..................................................................................................................

..................................................................................................................

44% (n � 12)
..................................................................................................................

30% (n � 8)
..................................................................................................................

26% (n � 7)
..................................................................................................................

..................................................................................................................

33% (n � 9)
..................................................................................................................

100% (n � 27)
..................................................................................................................

..................................................................................................................

52% (n � 14)
..................................................................................................................

38.8 � 1.4
..................................................................................................................

3290 � 460
..................................................................................................................
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tending prenatal care at a university-based s
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clinic in Pittsburgh, PA, and participating
in a prospective, longitudinal research
study from early gestation through birth.
This subsample comprised subjects in
whom additional measures of maternal
stress were administered, including the
measure of pregnancy-specific stress used
in the current report. As depicted in the
Appendix (Supplemental Table), this
subsample is representative of the larger
cohort. The study population was a pre-
dominantly Medicaid-insured, low-in-
come population that was approxi-
mately 55% black and 44% white.
Eligible women had singleton pregnan-
cies and had no known prepregnancy
major medical conditions or fetal anom-
alies. Enrollment took place at �16 wk of
gestation (mean gestational age: 9.5 wk).
The study was approved by the Univer-
sity of Pittsburgh Institutional Review
Board and informed, written consent
was obtained from all participants. At
enrollment, women completed a struc-
tured interview to provide data on so-
ciodemographic characteristics, medical
history, and maternal behaviors. The sub-
sample of N � 27 mother-infant pairs in
whom data were also obtained about psy-
chosocial stress during pregnancy com-
prises the study sample for the current re-
port. The sociodemographic, pregnancy,
and newborn birth outcome characteris-
tics of this population are presented in
Table 1.

Measures
Pregnancy-specific stress
At enrollment (on average at 9.2 weeks’
gestation), a 4-item pregnancy-specific
stress scale was administered. This scale
was adapted from a 10-item version that
was specifically developed for use in preg-
nancy research.36 It assesses the major
onstructs that encompass pregnancy-
pecific stress, ie, feelings about being
regnant and concerns about the health
f the unborn baby and about labor and
elivery. Responses were provided on a
-point scale (0-2); thus the total score
ould range from 0 – 8. This pregnancy-
pecific stress measure has previously
een shown to be a better predictor of
dverse birth and child developmental
utcomes than other nonpregnancy-
tics

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........
pecific (or general) stress measures.37
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Obstetric risk, length of gestation,
birthweight, and infant sex
Obstetric risk was defined as the pres-
ence of major medical complications in
the index pregnancy, ie, gestational dia-
betes, vaginal bleeding, placenta abrup-
tio, pregnancy-induced hypertension,
preeclampsia, or infection. Risk condi-
tions were ascertained by medical chart
review and coded as a binary variable
(presence or absence of obstetric risk), as
previously described.38 Gestational age

as determined by best obstetric esti-
ate with a combination of last men-

trual period and early uterine size, and
as confirmed by obstetric ultrasono-
raphic biometry �20 weeks using stan-
ard clinical criteria.39 Birthweight and

infant sex were abstracted from the new-
born medical record. Birthweight was
adjusted for gestational age at birth be-
fore entering into the regression model.

Cord blood TL
Peripheral blood mononuclear cells
(PBMCs) were isolated from cord blood
using Ficoll (Sigma-Aldrich, St. Louis,
MO) gradient centrifugation following
established protocols.40 Whole DNA was
isolated from cord blood PBMC samples
using ethanol precipitation. Time from
collection to processing the blood was
�30 minutes. Aliquots of isolated DNA
were shipped to the Blackburn Labora-
tory at the University of California, San
Francisco, where TL assays were per-
formed. Measurement of relative TL
(telomere repeat copy number to single
gene copy number [T/S] ratio) by quan-
titative polymerase chain reaction were
adapted from a validated published
method41 and performed as described

reviously.42 The conversion from T/S
ratio to base pairs (bp) was calculated
based on the mean telomeric restriction
fragment length from Southern blot
analysis and the slope of the plot of mean
telomeric restriction fragment length vs
T/S for these samples. This was expressed
as the following formula: bp � 3274 �

413 * (T/S).

tatistical analyses
ased on the Shapiro-Wilk test, TL data

T/S ratio) were normally distributed

134.e3 American Journal of Obstetrics & Gynecolo
W [Shapiro-Wilk test statistic] �
.9676, P � .5400 for null hypothesis).
To examine the association between
aternal psychosocial stress during

regnancy and the variance in newborn
TL adjusted for the effects of other po-
ential determinants, a regression model
as employed that simultaneously in-

luded the following predictors: mater-
al psychological stress, newborn gesta-

ional age at birth, birthweight (adjusted
or gestational age), sex, and exposure to
ntepartum obstetric complications. Ex-
ept for sex, these variables were selected
priori based on a review of the pub-

ished literature on the determinants of
ewborn telomere biology across differ-
nt tissues.29-34 Sex was also included in
he model because it has been shown to
e associated with adult LTL.35 Other so-

ciodemographic (eg, race/ethnicity) and
obstetric/medical (eg, preterm birth,
mode of delivery) variables were not in-
cluded because there was either no a pri-
ori hypotheses based on the existing
literature regarding how they would in-
fluence TL, or we did not find an associ-
ation with TL in our study sample. The
coefficients for each predictor indicate
the estimated independent effects of that
predictor (ie, adjusting or controlling for
the effects of the other predictors).
Hence, the unstandardized regression
(�) coefficient for maternal stress from
this model indicates the change in the
adjusted T/S ratio associated with a 1-U
change in the pregnancy-specific stress
score. Or, in other words, it estimates the
magnitude of the effect of maternal stress
on newborn TL in newborns of the same
gestational age, weight, sex, and expo-
sure to antepartum obstetric complica-
tions. Next, to determine the proportion
of explained variance a Pearson correla-
tion coefficient was calculated between
maternal pregnancy-specific stress and
the T/S ratio residualized for newborn
gestational age at birth, birthweight (ad-
justed for gestational age), sex, and expo-
sure to antepartum obstetric complica-
tions. Finally, to express the effect size in
units of SD change we divided the study
sample in 2 groups based on a median
split on the pregnancy-specific stress

score and then calculated Cohen’s d sta-

gy FEBRUARY 2013
tistic43 based on the difference between
the 2 groups.

All statistical analyses were run using
SPSS 18 (SPSS, Inc, Cary, NC), and the
statistical significance level was set at � �
0.05.

RESULTS
The mean cord blood TL was 2.50 � 0.37
(mean � SD) T/S ratio (equivalent to
9314 � 887 bp), which is comparable to
previous reports.44

The mean pregnancy-specific stress
score was 2.40 � 1.90 (SD) and ranged
between 0 –7.

As hypothesized, after accounting for
the effects of other potential determi-
nants of newborn LTL (gestational age at
birth, weight, sex, and exposure to ante-
partum obstetric complications), there
was a significant, independent, linear ef-
fect of pregnancy-specific stress on new-
born LTL (� � �0.099; P � .04) (Table

). This effect accounted for 25% (R2 �
.25) of the variance in adjusted LTL
Figure). Based on a median split by
regnancy-specific stress, there was a
40-bp difference in newborn TL be-
ween mothers in the high- vs low-stress
roups, which translates to a difference
f 0.62 SD units (Cohen’s d). We note
hat the unadjusted relationship between
regnancy-specific stress and newborn
L was not statistically significant (� �
0.062, P � .10).

COMMENT
To the best of our knowledge, the cur-
rent finding represents the first report in
human beings to suggest that the effects
of prenatal stress exposure on cellular ag-
ing may begin during intrauterine life
and may already be evident at the time of
birth. After accounting for the potential
effects of gestational age at birth, weight,
sex, and exposure to antepartum obstet-
ric complications, maternal pregnancy-
specific psychosocial stress was signi-
ficantly and independently associated
with newborn LTL. There was a 540-
bp difference in newborn TL between
mothers in the high- vs low-stress groups
(based on a median split), which trans-
lates to a difference of 0.62 SD units. Ex-

trapolations of available data from studies
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in adults of clinical conditions and adult
TL were performed by converting TL bp
differences to SD units (Cohen’s d statistic)
by dividing the difference between the 2

FIGURE
Pregnancy-specific stress and new

Scatterplot of association between maternal pr
telomere length (R2 � 0.25). T/S ratio is adjust

eight, sex, and exposure to antepartum obstet
T/S, telomere repeat copy number to single gene copy number.

Entringer. Prenatal stress and newborn telomere length. Am J

TABLE 2
Fully adjusted regression model pr

Variable

Pregnancy-specific stress
...................................................................................................................

Gestational age at birth
...................................................................................................................

Birthweight (adjusted for gestational age)
...................................................................................................................

Infant sex (0 � male, 1 � female)
...................................................................................................................

Antepartum obstetric complications
(0 � absent; 1 � present)
...................................................................................................................

CI, confidence interval; T/S, telomere repeat copy number to s

Entringer. Prenatal stress and newborn telomere length. A
groups by the pooled SD of the whole
group. These extrapolations suggest the
magnitude of the effect in the current re-
port is equivalent to or greater than that of

rn cord blood telomere length

ancy-specific stress and newborn (cord blood)
or covariates (newborn gestational age at birth,
omplications).

tet Gynecol 2013.

cting newborn (cord blood) leukocyt

nstandardized � (95% CI) SE of �

0.099 (�0.197 to �0.002) 0.047
.........................................................................................................................

0.008 (�0.124 to 0.107) 0.056
.........................................................................................................................

0.007 (�0.026 to 0.011) 0.009
.........................................................................................................................

0.046 (�0.286 to 0.379) 0.160
.........................................................................................................................

0.218 (�0.554 to 0.118) 0.162

.........................................................................................................................

gene copy number; VIF, variance inflation factor.

Obstet Gynecol 2013.
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smoking, obesity, diabetes, or hyperten-
sion on adult TL.16,45-49 We note, how-
ver, that LTL is highly variable in our
ewborn cohort, which is consistent
ith previous reports.44,50 Thus, the

clinical significance of this effect remains
to be determined in future longitudinal
studies. Because the initial (newborn)
setting of TL is one of the key 2 determi-
nants of subsequent TL17 (the other ma-
or determinant being rate of TL attrition
ver time), and because adult TL is, in
urn, a determinant of aging, disease risk
nd mortality, it is therefore plausible
hat variations in newborn TL may con-
er clinically meaningful differential
isks for subsequent TL-related health
utcomes. Nevertheless, given the rela-
ively small sample size, conclusions are
reliminary and independent replica-
ion of these results is warranted.

The present finding extends our ear-
ier work on prenatal psychosocial stress
xposure and TL in young adults.25 Evi-
ence from animal and human studies

inking other adverse conditions during
etal development with subsequent TL
rovides further biological plausibility

or this relationship.32,34,51-53 For exam-
le, a recent study in chickens found that
xposure to high levels of yolk cortico-
terone, a potent stress hormone, is asso-
iated with short telomeres in the off-
pring.54 Yet, other studies in human
eings have found associations between
xposure to a variety of adverse condi-
ions in infancy and childhood with sub-
equent TL.55-61

In terms of biological mechanisms, pre-

elomere length (T/S ratio)

nificance
alue) Standardized � VIF

�0.516 1.571
..................................................................................................................

�0.033 1.268
..................................................................................................................

�0.208 1.722
..................................................................................................................

0.064 1.312
..................................................................................................................

�0.285 1.190

..................................................................................................................
bo

egn
ed f
ric c

Obs
edi e t

U
Sig
(P v

� .04
......... .........

� .88
......... .........

� .42
......... .........

.77
......... .........

� .19

......... .........

ingle
natal psychosocial stress exposure could

an Journal of Obstetrics & Gynecology 134.e4
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affect fetal telomere biology through sev-
eral interrelated biological pathways: ma-
ternal stress induces the release of maternal
and placental hormones (eg, cortisol, pla-
cental corticotrophin-releasing hormone)
and of inflammatory and oxidative stress
mediators that can enter the fetal circula-
tion or induce changes in placental physi-
ology including alterations in blood flow
and metabolism.27,62 These changes, in
turn, may impact processes underlying the
initial setting and regulation of telomer-
ase activity and TL via many of the same
epigenetic and other phenomena that
regulate constitutive gene expression
across various cell and tissue types.63

It is possible that an alternate explana-
tion for the observed effect is that mater-
nal stress may preferentially alter the dis-
tribution of cell populations among
leukocytes such that cells with longer TL
are reduced under conditions of stress.
However, although the analysis of TL in
the current study was restricted to aver-
age newborn cord white blood cells
(PBMCs), the findings may be applicable
to other cell types and tissues. Previous
studies have reported that in newborns
TL is highly concordant between cord
white blood cells and other tissues,44 and
orrelations of TL are very high across
ifferent hematopoietic cells.64

Although we statistically controlled
for other potential determinants of new-
born TL, the possibility of residual con-
founding cannot be excluded. Further-
more, we suggest that it also is important
in this context to address the effects of
potential interactions because the effects
of stress likely occur in the context of
other conditions such as biophysical,
medical, nutritional, and behavioral
factors.37

Among the various components of
psychosocial stress previous studies have
established that pregnancy-specific
stress (the measure selected by us in the
present study) seems to best capture
those aspects of stress most closely and
consistently related to pregnancy and
birth outcomes.37,65 The use of biologi-
cal measures of stress in conjunction
with the psychosocial measures would
have further strengthened the study,
however, biological stress measures were

not available in the current cohort.

134.e5 American Journal of Obstetrics & Gynecolo
Thus, in addition to replicating this
finding in an independent sample, we
suggest that future studies should exam-
ine interactions between maternal stress
and other factors such as obstetric risk
conditions during pregnancy and ad-
verse birth outcomes; putative biological
mediators of the effect of maternal stress
on newborn TL such as stress-related en-
docrine, immune, and oxidative state
measures; the complementary role of vari-
ation in telomerase expression; and poten-
tial epigenetic and other mechanisms of
transduction.

In summary, our finding provides the
firstpreliminaryevidence inhumanbeings
that maternal psychological stress may ex-
ert a “programming” effect on the new-
born telomere biology system. Given the
critical importance of the initial setting of
TL for subsequent health, disease risk, ag-
ing, and longevity-related outcomes, it is
plausible that in utero telomere biol-
ogy represents a molecular mechanism
whereby stress exposure in this critical pe-
riod before birth can impact aging and sub-
sequent health and disease susceptibility
over the lifespan. f
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APPENDIX
SUPPLEMENTAL TABLE
Comparison of current study sample to larger birth cohort from which present sample was drawn

Maternal characteristics
Current study sample
n � 27

Larger birth cohort
n � 470

Significance of group
comparisona

Sociodemographic
.......................................................................................................................................................................................................................................................................................................................................................................

Race/ethnicity
..............................................................................................................................................................................................................................................................................................................................................................

Non-Hispanic white 37% (n � 10) 44% (n � 207) ns (P � .55)
..............................................................................................................................................................................................................................................................................................................................................................

African American 63% (n � 17) 56% (n � 263)
.......................................................................................................................................................................................................................................................................................................................................................................

Age (y), mean � SD 24.0 � 3.5 24.9 � 5.1 ns (P � .35)
.......................................................................................................................................................................................................................................................................................................................................................................

Annual family income
..............................................................................................................................................................................................................................................................................................................................................................

�$10,000 44% (n � 12) 41% (n � 193) ns (P � .86)
..............................................................................................................................................................................................................................................................................................................................................................

$10,000-25,000 30% (n � 8) 35% (n � 165)
..............................................................................................................................................................................................................................................................................................................................................................

�$25,000 26% (n � 7) 24% (n � 113)
................................................................................................................................................................................................................................................................................................................................................................................

Pregnancy
.......................................................................................................................................................................................................................................................................................................................................................................

Presence of obstetric risk condition 33% (n � 9) 25% (n � 118) ns (P � .28)
.......................................................................................................................................................................................................................................................................................................................................................................

Multiparous 100% (n � 27) 92% (n � 432) ns (P � .98)
................................................................................................................................................................................................................................................................................................................................................................................

Newborn characteristics
.......................................................................................................................................................................................................................................................................................................................................................................

Sex (female) 52% (n � 14) 45% (n � 211) ns (P � .55)
.......................................................................................................................................................................................................................................................................................................................................................................

Gestational age at birth (wk), mean � SD 38.8 � 1.4 38.8 � 2.2 ns (P � .89)
.......................................................................................................................................................................................................................................................................................................................................................................

Birthweight (g), mean � SD 3290 � 460 3265 � 681 ns (P � .35)
................................................................................................................................................................................................................................................................................................................................................................................

ns, not significant.
a Groups were compared using t tests or �2 tests where appropriate.
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