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Abstract

Adverse perinatal health outcomes are heightened among women with psychosocial risk factors,
including childhood adversity and a lack of social support. Biological aging could be one pathway
by which such outcomes occur. However, data examining links between psychosocial factors and
indicators of biological aging among perinatal women are limited. The current study examined the
associations of childhood socioeconomic status (SES), childhood trauma, and current social
support with telomere length in peripheral blood mononuclear cells (PBMCs) in a sample of 81
women assessed in early, mid, and late pregnancy as well as 7-11 weeks postpartum. Childhood
SES was defined as perceived childhood social class and parental educational attainment.
Measures included the Childhood Trauma Questionnaire, Center for Epidemiologic Studies-
Depression Scale, Multidimensional Scale of Perceived Social Support, and average telomere
length in PBMCs. Per a linear mixed model, telomere length did not change across pregnancy and
postpartum visits; thus, subsequent analyses defined telomere length as the average across all
available timepoints. ANCOVAs showed group differences by perceived childhood social class,
maternal and paternal educational attainment, and current family social support, with lower values
corresponding with shorter telomeres, after adjustment for possible confounds. No effects of
childhood trauma or social support from significant others or friends on telomere length were
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observed. Findings demonstrate that while current SES was not related to telomeres, low
childhood SES, independent of current SES, and low family social support were distinct risk
factors for cellular aging in women. These data have relevance for understanding potential
mechanisms by which early life deprivation of socioeconomic and relationship resources affect
maternal health. In turn, this has potential significance for intergenerational transmission of
telomere length. The predictive value of markers of biological versus chronological age on birth
outcomes warrants investigation.

Keywords
childhood SES; childhood trauma; social support; telomeres; pregnancy

1. Introduction

Risk for preghancy complications (e.g., preeclampsia) and adverse birth outcomes (e.g.,
preterm birth, low birth weight) are enhanced among women with psychosocial risk factors,
including low socioeconomic status, history of childhood trauma, and a lack of social
support (e.g., Blumenshine et al., 2010; Dunkel Schetter, 2011). For example, among
pregnant women, each adverse childhood experience has been associated with a 16.33g
reduction in infant birth weight and a 0.063 week decrease in gestational age at delivery
(Smith et al., 2016). In addition, evidence has shown that social support may have direct
and/or indirect effects on perinatal outcomes, such as birth weight, small for gestational age,
and postpartum depression, (Dunkel Schetter, 2011; Yim et al., 2015). Although data have
indicated that poorer health behaviors, such as cigarette use, play a role in the association
between psychosocial stress and perinatal health outcomes (e.g., Lobel et al., 2008), they do
not fully account for these effects. The role of biological pathways requires explication.

In relation to biology, indicators of aging may be of particular relevance for women of
childbearing age. Advancing maternal age is a strong predictor of risk for adverse perinatal
health outcomes; these risks are observed as early as age 30 but advance considerably at 35
years (e.g., Cavazos-Rehg et al., 2015). Of importance, individuals of similar chronological
age can vary considerably in indicators of aging at the cellular level (MUezzinler et al.,
2013). Thus, it is plausible that psychosocial factors may increase risk for adverse perinatal
health outcomes in part by promoting biological aging.

Telomere length is a key indicator of biological aging. Defined as DNA-protein complexes
found at the end of chromosomes, telomeres play a crucial role in the protection of genetic
stability (Blackburn, 2005). Telomere length shortens with each replication of the cell, and is
further reduced by oxidative stress. When telomeres shorten to a critical length, genomic
instability ensues, cellular replication ceases, and cell senescence occurs (von Zglinicki,
2002). As a sensitive indicator of cellular aging, shorter telomere length has been linked
with various health outcomes, such as myocardial infarctions, strokes, and type 2 diabetes
mellitus (D’Mello et al., 2015).

Importantly, a growing literature links psychosocial exposures with telomere length. For
example, a lack of social support has been associated with shorter telomeres in non-pregnant
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adults (Barger and Cribbet, 2016; Carroll et al., 2013; Uchino et al., 2012). However, effects
of unique sources of social support remain to be elucidated. In addition, experiences of
childhood trauma have been associated with shorter telomeres in adulthood in multiple
studies (for metaanalyses, see Hanssen et al., 2017; Li et al., 2017). Given the large literature
on early childhood maltreatment and telomere length, data on effects of childhood
socioeconomic disadvantage are notably lacking. In addition, studies examining
psychosocial factors and telomere length have largely focused on older adults (Schutte and
Malouff, 2015; Starkweather et al., 2014), with less data specific to women of childbearing
age.

Finally, pregnancy is a time of considerable physiological changes including marked
increases in serum and salivary cortisol, serum proinflammatory cytokines (e.g., IL-6, TNF-
a), and ex vivo LPS-stimulated proinflammatory cytokine production (e.g., Christian and
Porter, 2014; Gillespie et al., 2016). Notably, elevations in cortisol and serum inflammatory
markers have been linked with telomere shortening in non-pregnant adults (Révész et al.,
2014; Wong et al., 2014). Given that these inflammatory and neuroendocrine adaptations
represent typical pregnancy-related physiology (e.g., Christian and Porter, 2014; Glynn et
al., 2007) and are important for critical processes in pregnancy, such as parturition (McLean
etal., 1995; Mor et al., 2011), it is unknown if similar effects on telomere biology occur in
context of pregnancy.

To address gaps in the literature, the current study examined the associations of childhood
socioeconomic status, childhood trauma, and current social support with telomere length in
PBMCs in a racially diverse sample of 81 pregnant women who were assessed during each
trimester of pregnancy and at 7-11 weeks postpartum. In the current study, it was
hypothesized that a) lower childhood socioeconomic status (per perceived childhood social
class and parental educational attainment), b) exposure to childhood trauma (per self-
reported abuse and neglect) and c) lower perceived social support would be associated with
shorter telomere length of PBMCs. The predictive value of perceived support from different
sources (friends, family, significant other) was determined. Finally, stability in telomere
length across the course of pregnancy and postpartum visits was examined.

2. Materials and Methods

2.1 Study design and participants

This study included 84 women recruited from the Ohio State University Wexner Medical
Center (OSUWMC) Prenatal Clinic and the community of Columbus, Ohio. Data collection
occurred from 2011 to 2014. Blood samples and psychosocial data were collected in early,
mid, and late pregnancy as well as 7-11 weeks postpartum. The broader study consisted of
144 women with data collected from 2009 to 2011; blood for telomere assays was only
available for women from the second wave of the study (n = 84). Exclusion criteria included
multi-fetal gestation, known fetal anomaly, medications or health conditions with a major
immunological or endocrine component (e.g., rheumatoid arthritis, hypothyroidism). No
women self-reported alcohol consumption after pregnancy was known. Women who used
illicit drug use other than marijuana during or in the six months prior to the current
pregnancy were excluded. The current analyses included women who participated in at least
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two study visits; two women were excluded because they did not meet these criteria.
Fourteen women were missing data on childhood SES (n = 1, maternal education level; n =
13, paternal education level) and five were missing data on childhood trauma; thus, these
women were excluded from respective analyses. Written informed consent was obtained at
the first study visit, and participants received modest financial compensation at the
completion of each study visit, for a total of $230 if all study visits were completed. The
study was approved by the OSU Biomedical Institutional Review Board.

2.2 Measures

2.2.1 Demographics—Race/ethnicity, age, marital status, annual household income,
education level, and number of prior births (parity) were collected by self-report at the first
study visit. Pre-pregnancy BMI (kg/m?) was calculated utilizing self-reported pre-pregnancy
weight and measured height at the first visit. Pregnancy complications (i.e., gestational
hypertension, preeclampsia, and gestational diabetes) were obtained per medical record
review.

2.2.2 Health behaviors—At the first study visit, smoking status and exercise were
assessed via self-report. Smoking was categorized as current or not current. In terms of
exercise, participants responded to an item assessing the frequency with which they engaged
in vigorous activity long enough to build up a sweat: less than once per month, once per
month, 2-3 times per month, once per week, or more than once per week. Prenatal vitamin
use was defined as never, 1-3 days/week, 4-6 days/week, or 7 days/week.

2.2.3 Childhood socioeconomic status (SES) indicators—Childhood SES was
assessed at the first study visit using three different indicators: perceived childhood social
class, maternal educational attainment, and paternal educational attainment. Women
responded to perceived childhood social class on a 5-point scale: lower class, working class,
lower middle class, upper middle class, and higher class. Maternal and paternal educational
attainment were categorized as less than high school, high school graduate/some college, or
college graduate, based on participant report.

2.2.4 Childhood trauma—The 28-item Childhood Trauma Questionnaire (CTQ) is
comprised of 5 subscales: emotional abuse, physical abuse, sexual abuse, emotional neglect,
and physical neglect (Bernstein et al., 2003). Each item is responded to on a 5-point scale,
from “Never true” to “Very often true.” This scale has shown good criterion, convergent, and
discriminant validity in adults (Bernstein et al., 2003). The CTQ was administered at the
third study visit to reduce respondent burden in earlier visits and increase opportunities to
build rapport with participants. In the current study, women were categorized on each
subscale as reporting prior abuse or neglect below versus above the clinical cutoff. The
clinical cutoff was defined using the moderate to severe cutoff on each CTQ subscale
(emotional abuse > 13, physical abuse > 10, sexual abuse > 8, emotional neglect > 15,
physical neglect > 10); these cutoffs have been used in prior studies (e.g., Heim et al., 2009).
Total trauma exposure was defined as the number of times above the moderate to severe
cutoff across all subscales: none, one type of trauma, two or more types of trauma.
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2.2.5 Depressive symptoms—Given the evidence supporting a link between depression
and telomere length (e.g., Schutte and Malouff, 2015), childhood SES and social support
indicators were examined as predictors of telomere length independent of depressive
symptoms at the first study visit. Depressive symptoms were assessed using the Center for
Epidemiologic Studies-Depression Scale (CES-D), a 20-item measure of cognitive,
emotional, interpersonal, and somatic depressive symptoms (Radloff, 1977). The CES-D is
predictive of physiological processes as well as perinatal health outcomes (e.g., Christian et
al., 2009).

2.2.6 Social support—Perceived social support from family, friends, and significant
others was assessed using the 12-item Multidimensional Scale of Perceived Social Support
(MSPSS) at the first study visit (Zimet et al., 1988). This scale has shown good construct
validity and reliability with pregnant women (Zimet et al., 1990). The three-factor structure
of the scale (family, friends, and significant others) has been supported in a sample of
pregnhant women (Zimet et al., 1990); thus, these subscales were examined as separate total
scores. Regarding the significant other subscale, directions on the original MSPSS ask the
participant to reflect on a “special person” for these items. Data have shown that adults aged
18 to 77 often consider other family members, children, or friends in addition to romantic
partners as a “special person” (Prezza and Giuseppina Pacilli, 2002). Thus, consistent with
other studies, we adapted the wording on the significant other subscale items to “a special
person (husband, boyfriend, or other romantic partner)” to specifically capture perceived
support from this source.

2.2.7 Telomere measurement—Blood was collected in vacutainer tubes while
participants were in a seated position. Total genomic DNA was purified from whole blood
using QlAamp® DNA Mini kit (QIAGEN, Cat#51104) and stored at —80°C for batch
telomere length measurement. DNA quantity and quality was assessed using 260/280 UV
spectrophotometery and Picogreen Assay. The telomere length measurement assay is
adapted from the method originally published by Cawthon (Cawthon, 2002). The telomere
thermal cycling profile consists of: Cycling for T(telomic) PCR: Denature at 96°C for 1
minute, one cycle; denature at 96°C for 1 second, anneal/extend at 54°C for 60 seconds,
with fluorescence data collection, 30 cycles. Cycling for S (single copy gene) PCR:
Denature at 96°C for 1 minute, one cycle; denature at 95°C for 15 seconds, anneal at 58°C
for 1 second, extend at 72°C for 20 seconds, 8 cycles; followed by denature at 96°C for 1
second, anneal at 58°C for 1 second, extend at 72°C for 20 seconds, hold at 83°C for 5
seconds with data collection, 35 cycles.

The primers for the telomere PCR are tellb [5-CGGTTT(GTTTGG)sGTT-37, used at a
final concentration of 100 nM, and tel2b [5'-GGCTTG(CCTTAC)5CCT-31, used at a final
concentration of 900 nM. The primers for the single-copy gene (human beta-globin) PCR
are hbgl [5' GCTTCTGACACAACTGTGTTCACTAGC-3, used at a final concentration of
300 nM, and hbg2 [5';-CACCAACTTCATCCACGTTCACC-31, used at a final
concentration of 700 nM. The final reaction mix contains 20 mM Tris-HCI, pH 8.4; 50 mM
KCI; 200 uM each dNTP; 1% DMSO; 0.4x Syber Green I; 22 ng E. coli DNA ; 0.4 Units of
Platinum Tag DNA polymerase (Invitrogen Inc.) 10 ng of genomic DNA per 11 pl reaction.
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Tubes containing 26, 8.75, 2.9, 0.97, 0.324 and 0.108 ng of a reference DNA (from Hela
cancer cells) are included in each PCR run so that the quantity of targeted templates in each
research sample can be determined relative to the reference DNA sample by the standard
curve method. The same reference DNA was used for all PCR runs.

To control for inter-assay variability, 8 control DNA samples are included in each run. In
each batch, the T/S ratio of each control DNA is divided by the average T/S for the same
DNA from 10 runs to get a normalizing factor. This is done for all 8 samples and the average
normalizing factor for all 8 samples is used to correct the participant DNA samples to get the
final T/S ratio. The T/S ratio for each sample was measured twice. When the duplicate T/S
value and the initial value vary by more than 7%, the sample was run the third time and the
two closest values were reported. All timepoints for the same participant were run in the
same assay plate to rule out potential plate-to-plate batch variation. The CV for this study is
2.9%. Lab personnel who performed the assays were blind to all demographic and clinical
data.

2.3 Statistical analyses

Analyses were conducted in SPSS 24.0. Three outlier data points, as defined by the a priori
chosen cut-off of £ 3 SD from the mean, were excluded from analyses (telomere length = 2;
depressive symptoms = 1). Descriptive statistics were calculated for all participants. To
examine whether telomere length changed across pregnancy and postpartum visits, a linear
mixed model was conducted. A subject-level random effect was included in this model to
account for dependency between repeated measures; restricted maximum likelihood
estimation was utilized to address missing data. Next, group differences on telomere length
among childhood SES indicators, exposure to childhood trauma, and current social support
were examined using analyses of covariance (ANCOVAS). Fisher’s Least Significant
Difference (LSD) was used for post-hoc tests.

All models with covariates adjusted for age, race, current income, education level, marital
status, BMI, exercise, smoking status, and depressive symptoms based on findings in the
literature (Starkweather et al., 2014). A mean value for telomere length across pregnancy
and postpartum was determined and served as the outcome variable. In this sample, 14
women could not recall their mother’s (n = 1) or father’s (n = 13) education level, and 5
women did not participate in the study visit when childhood trauma was assessed; thus,
these women were excluded from the respective analyses, resulting in final analytic samples
of 81, 80, 68, and 76 for self-reported childhood social class (per 5-point rating scale),
maternal education level, paternal education level, and childhood trauma exposure,
respectively.

3. Results

3.1 Sample characteristics

Demographic characteristics, health behaviors, and childhood SES indicators distributions
are detailed in Tables 1 & 2. Study visits occurred during early (12.41 + 1.59 weeks), mid
(20.64 £ 1.29 weeks), and late pregnancy (29.23 + 1.41 weeks), as well as 7-11 weeks
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postpartum (8.86 + 0.82 weeks). The average maternal age was 25.48 years (SD = 4.27;
range = 18-33), 52% were White (7= 42), 42% were married (/7= 34), and 53% reported an
annual household income of less than $30,000 (7= 43). In this sample, no women reported
alcohol use after pregnancy was known and two women reported marijuana use.

3.2 Telomere length stability across pregnancy and postpartum

Means and standard deviations for telomere length at each respective visit are described in
Table 3. A linear mixed model was conducted to examine changes in telomere length across
pregnhancy and postpartum visits. No significant effect of time was observed (F(3,73) = 0.12,
p = 0.95). Thus, for subsequent analyses, telomere length was defined as the average across
all available timepoints.

3.3 Indicators of childhood SES and telomere length

ANCOVAs were conducted to examine whether childhood SES was associated with
telomere length (per average of all available datapoints), after adjustment for participant’s
age, race, current household income, participant’s education level, participant’s marital
status, BMI, exercise, smoking status, and depressive symptoms.1

First, group differences by perceived childhood SES were examined. Because of a low
response rate to lower class (n = 7), these women were collapsed with those from working
class (n = 24) for analyses. After accounting for all specified covariates, as shown in Figure
1, a main effect was found for perceived childhood SES on telomere length (F(2, 81) = 4.26,
p =0.02, nzpama| = 0.11); as expected, women in lower-middle class during childhood
exhibited longer telomere length than women in lower-working class (p = 0.007). The effect
between upper middle class compared to lower/working class did not reach statistical
significance (p = 0.07).

Next, maternal education was examined. After accounting for all specified covariates,
maternal educational attainment was associated with telomere length (F(2, 80) = 7.38, p =
0.001, nzpama| = 0.18); women with a maternal educational attainment of high school
graduate/some college (p = 0.001) or college graduate (p = 0.001) exhibited longer
telomeres than those with a maternal educational attainment of less than high school.

Finally, paternal education was examined. Following adjustment for all specified covariates,
paternal educational attainment was associated with telomere length (F(2, 68) = 4.58, p =
0.01, nzpania. = 0.14). Consistent with expectations, women with a paternal educational
attainment of high school graduate/some college were found to have longer telomeres
compared to those with a paternal educational attainment of less than high school (p = 0.01).

lSecondary analyses of significant models were conducted. First, significant models were run without depressive symptoms as a
covariate. Main effects for indicators of childhood SES and current family social support on telomere length remained significant. In
post-hoc analyses, only one small change occurred; the unexpected finding of shorter telomeres among women with fathers in the
highest versus lowest category of educational attainment dropped below statistical significance (p = 0.066). Second, significant models
were run with additional psychological distress variables were included as controls: 10-item Perceived Stress Scale (PSS) (Cohen et
al., 1983), 6-item State-Trait Anxiety Inventory (Marteau and Bekker, 1992), 18-item Revised Prenatal Distress Questionnaire (Lobel,
1996a), and the Prenatal Life Events Scale (PLES) (Lobel, 1996b; Lobel 2008). Main effects for indicators of childhood SES and
current family social support on telomere length remained significant. In post-hoc analyses, only one small change occurred; the
finding that women with a paternal educational attainment below high school exhibited shorter telomeres than those high school
graduate or some college was no longer statistically significant (p = 0.067).
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However, in contrast to hypotheses, women with a paternal educational attainment of high
school graduate/some college exhibited longer telomere length than those with a paternal
education of a college degree (p = 0.04). Findings in relation to childhood SES largely
remained when women with pregnancy complications were excluded from analyses, with
the exception that the post-hoc finding of longer telomeres among women with paternal
education of high school graduate/some college exhibiting versus college degree was no
longer significant.

3.4 Childhood trauma and telomere length

The effect of childhood trauma exposure on telomere length (per average of all available
datapoints) was examined with separate ANCOVAs using the clinical cutoff on each
respective subscale as well as the total trauma exposure. All models adjusted for
participant’s age, race, current household income, participant’s education level, participant’s
marital status, BMI, exercise, smoking status, and depressive symptoms. No significant
effects on telomere length were observed in relation to emotional abuse (F(1, 76) = 0.05, p =
0.82, n2partial = 0.001), physical abuse (F(1, 76) = 0.48, p = 0.49, npartial = 0.007), sexual
abuse (F(1, 76) = 0.93, p=0.34, zpama| =0.01), emotional neglect (F(1, 76) = 1.56, p =
0.22, lepartial = 0.02), physical neglect (F(1, 76) = 0.10, p = 0.75, T]Zpartial = 0.002), or total
trauma exposure (F(1, 76) = 0.08, p = 0.92, nzpama| =0.002).2

3.5 Perceived social support and telomere length

The effect of current social support on telomere length (per average of all available
datapoints) was examined with ANCOVAS using a dichotomous median split on each
respective subscale of social support: family, friends, and significant other. All models
adjusted for participant’s age, race, current household income, participant’s educational
attainment, participant’s marital status, BMI, exercise, smoking status, and depressive
symptoms.1

A main effect was found for family social support (F(1, 81) =5.31, p = 0.02, nzpartia| =0.07)
on telomere length. As expected, women with low social support exhibited shorter telomeres
than those with high social support. Findings remained when women with pregnancy
complications were excluded from analyses. No significant effects of social support on
telomere length were observed in relation to friends (F(1, 81) = 1.28, p = 0.26, nzpania| =
0.02) or significant others (F(1, 81) = 0.02, p = 0.90, N%partial = 0.00). Findings regarding
significant other social support did not change when single women without romantic
partners (n = 11) were excluded from analyses (p = 0.90).

To determine whether the effect of family social support on telomere length was independent
of childhood SES, ANCOVASs were conducted with both family social support and
respective childhood SES indicators entered into the models. In educational attainment
models, both family social support (ps < 0.02) and the respective parent education level (ps
< 0.01) remained as significant main effects (Figure 3). In the perceived childhood SES

2Analyses were also conducted using continuous childhood trauma exposure variables. In linear regression models, covariates were
entered as the first step of the model and the respective childhood trauma exposure type in the second step of the model. No significant
effects of childhood trauma on telomere length were observed (ps > 0.09)
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model, as shown in Figure 3, family social support was not statistically significant (p = 0.07)
while SES remained significant (p = 0.04). No significant interactions between family social
support and childhood SES indicators on telomere length emerged (ps > 0.14).

4. Discussion

The current data demonstrate effects of both early life exposure to socioeconomic adversity
and current social support on PBMC telomere length in perinatal women. Specifically, lower
childhood SES, defined by either perceived childhood social class, maternal education, or
paternal education, was associated with shorter telomere length. In addition, greater social
support, specifically from one’s family, predicted longer telomere length. These data add to
a growing literature on risk factors linked with cellular aging.

Although mixed findings have been reported, a review of 31 studies linked low current SES,
particularly educational attainment, to shorter telomeres (Robertson et al., 2013).
Associations between current SES indicators and telomere length were not observed in the
current study. While a few studies have examined telomeres in relation to a broad
assessment of childhood adversity, even occasionally including an item related to SES (e.g.,
Kananen et al., 2010), data examining the unique effect of childhood SES on telomere
length are limited. A few studies have linked adverse environmental exposures with shorter
telomeres in children (Coimbra et al., 2017; Theall et al., 2017), though it is unclear whether
these effects persevere into adulthood. Notably, in a sample of 135 men and women, fewer
years of parental home ownership during childhood was associated with shorter telomeres
(Cohen et al., 2013). In addition, childhood SES indicators were linked with telomere length
in a cohort of adults approximately age 35; however, this relationship was not observed
among older cohorts (i.e., adults aged 55 or 75 years) (Robertson et al., 2012). This may be
due to survival bias or the changing meaning in SES indicators across generations (as
discussed in Robertson et al., 2012). Consistent with these findings, the current data show
that the effects of childhood SES are independent of current SES indicators, suggesting that
this early life exposure has unique and lasting effects.

In the current study, childhood maltreatment (per the CTQ subscales and total exposure) was
not significantly associated with telomere length. Prior data have shown a relationship
between exposure to childhood trauma and shorter telomeres in adulthood (Tyrka et al.,
2010). While other data have shown null findings (Glass et al., 2010) or only significant
effects in combination with another stressor, such as separation from parents (Savolainen et
al., 2014), associations may emerge in larger cohorts particularly in the context of multiple
exposures (Kiecolt-Glaser et al., 2011); such cases were infrequent in the current study (n =
14). Per the current data and prior studies, early life adversity is negatively associated with
adult telomere length. However, a growing literature in humans and animal models indicates
that threat (e.g., trauma) versus deprivation (e.g., poverty) in early life has distinct
neurodevelopmental consequences (McLaughlin et al., 2014). This may be relevant in the
context of telomere length. Meta-analyses of early life adversity and telomere length
demonstrate stronger relationships when comprehensive evaluations of adversity are used,
rather than focusing on specific types of trauma (Ridout et al., 2017); Li et al., 2017;
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Hanssen et al., 2017). Additional research will elucidate the degree to which threat versus
deprivation may have differing effects on telomere length.

The second main finding of this study was that women reporting lower current perceived
social support exhibited shorter telomeres. Of note, this effect was found only in relation to
perceived support from the family rather than friends or significant other. The stress
associated with a lack of perceived family support may subsequently shorten telomeres. This
is consistent with data that found, in a sample of 136 adults, shorter telomeres in those
reporting greater ambivalence in relationships with parents (Uchino et al., 2012).
Alternatively, it is possible social support plays a protective role with regard to telomere
length; buffering the rate at which telomeres shorten during cell replication or mitigating the
adverse effects of stress on telomeres. In the current study, low childhood SES was
associated with shorter telomeres across both low and high levels of social support and thus
did not serve as a protective mechanism. While other data have shown interactions between
social relationship functioning and stressors on telomere length (Robles et al., 2016),
suggesting a buffering effect, those studies were assessing current stressors. In our study,
current family social support had a positive relationship with telomere length, but
unsurprisingly, did not buffer historical exposure to childhood stress.

Formulation of one’s perception of support is largely rooted in early life interactions, with
studies showing family interactions are indicative of later perceptions of support from
various relationship sources. In addition, family support may be distinct from other sources
of support (e.g., friends, significant other) in part by the duration and stability with which it
is present or absent from an early age. Poor family support may be a reflection of other
dynamics found in families under economic distress, such as harsh parenting strategies,
greater family conflict, and a lack of routine (Chen and Miller, 2013). Thus, in the current
study, the significant findings with family social support in particular could be a result of
adverse early life family interactions, consistent with childhood vulnerability models (e.g.,
Miller et al., 2011). Prospective examinations of the associations between sources of
perceived social support and telomere length would allow for stronger conclusions regarding
the timing of such relationship dysfunction.

Early life deprivation of socioeconomic and relationship resources may contribute to
biological dysregulation (Miller et al., 2011). A substantial literature, including both
observational and experimental studies, has shown that childhood adversity is associated
with dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis, including epigenetic
changes in glucocorticoid receptors (e.g., Ehlert, 2013). Greater salivary cortisol levels as
well as flatter diurnal cortisol slopes have been associated with reduced telomerase activity,
a ribonucleoprotein reverse transcriptase which supports the maintenance of telomere length
during cell replication (Tomiyama et al., 2012). In addition, glucocorticoids have been
shown to increase oxidative stress damage, and oxidative stress has been implicated in
telomere shortening (von Zglinicki, 2002). Early life stress has also been linked to elevated
inflammatory markers, and the combined effects of oxidative stress and inflammation on
telomere length may be particularly damaging (Rawdin et al., 2013). Thus, oxidative stress,
HPA dysregulation, and inflammation are potential pathways by which early life deprivation
may contribute to telomere length. Collectively, these data suggest biological pathways that
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may play a role in how modified stress-sensitivity contributes to increased rates of health
conditions among adults with exposure to childhood adversity.

In this study, no change in telomere length was observed across pregnancy and postpartum
visits. Further, examination of potential moderating effects of pregnancy-specific anxiety,
per the Revised Pregnancy Distress Questionnaire (NUPDQ) as well as psychosocial factors
of focus herein (childhood SES, trauma, social support) on change in telomere length across
time showed no significant interactions (data not shown). These data are consistent with a
prior study of 65 women which found no significant change in telomere length measured in
early pregnancy (< 16 weeks gestation), 3 months postpartum, and 9 months postpartum
(Leung et al., 2016). Although women who decreased their sugary beverage intake did
exhibit telomere lengthening over this period (Leung et al., 2016), this was a function of this
health behavior rather than pregnancy. In the current study, the average gestational age for
the early pregnancy visit was 12 weeks; thus, it is unlikely that any changes compared to a
pre-pregnancy state would be reflected within this relatively brief timeframe. The stability of
telomere length across pregnancy visits, a time of considerable inflammatory changes in
healthy pregnancies (e.g., Christian and Porter, 2014; Gillespie et al., 2016), suggests that
pregnancy-related physiological changes do not affect telomere length. Pregnancy-induced
physiological changes may differ from those induced by psychological stress in that
compensatory mechanisms among multiple physiological systems interact to promote a
healthy pregnancy.

In this study, childhood SES was defined using three indicators: self-reported social class,
maternal educational attainment, and paternal educational attainment. A meta-analysis of 29
studies examining the effects of low childhood SES on adult health found that paternal
educational attainment was the most commonly used indicator of SES during childhood
(Galobardes et al., 2004). In the current sample, 26% of participants resided only with their
mothers during childhood. However, similar effects emerged on telomere length in relation
to both maternal and paternal education. It is possible that these indicators identified an
overlapping subset of women. Of note, examination of correlations among SES indicators
did not indicate multicollinearity (data not shown). Although these data show similar
predictive value across measures, when possible, using multiple indicators in examining
childhood SES allows for a more nuanced and comprehensive assessment.

One limitation of the current study is the use of PBMCs as the source for telomere length
assay. PBMCs contain a mixture of different cells, including T cells, B cells, natural killer
cells and monocytes. Telomere length in some cell types within PBMCs may be more
sensitive to factors related to telomere shortening, such as chronic stress, as evidenced by a
greater attenuation rate across 18 months in B cells and CD8+CD28- T cells. However,
within individuals, PMBC telomere length is concurrently and longitudinally associated with
telomere length of B and T cells specifically (Lin et al., 2016). Prior data showed a positive
association between childhood SES and telomeres, as measured in adult CD8+CD28- T
cells (Robertson et al., 2013); our findings extend this relationship to telomere length
measured in PBMCs. In addition, while we considered multiple demographic variables and
health behaviors known to affect telomere length, the inclusion of different types of
psychological distress in models can result in statistical concerns, such as multicollinearity,
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and odd interpretations, particularly in a small sample size. Thus, although our key findings
held in models with and without depressive symptoms as well as models with additional
psychological distress variables as controls, identification of the most parsimonious model
will be important for future research examining telomere length. Furthermore, while
meaningful covariates were considered in these models (e.g., participant’s chronological
age, race), paternal age was not captured. Paternal age at the time of birth has been
positively associated with telomere length in adults (Broer et al., 2013) and thus should be
considered in future studies. Finally, this study did not include analyses of telomere length in
the neonate; maternal stress during pregnancy has been associated with shorter offspring
telomeres (e.g., Marchetto et al., 2016). Examination of offspring telomere length in
association with maternal early life exposures would be informative.

In terms of clinical applicability, maternal telomere length may play a role in maternal and
offspring health. As mentioned earlier, chronological maternal age is strongly associated
with increased risk for adverse maternal and fetal health outcomes. In the current sample, the
age range was 18 to 33 years, with 22% of women over 30 years. Given the marked effects
observed in cellular aging in relation to psychosocial exposures within women of this
relatively young age range, examination of the predictive value of biological versus
chronological age for adverse outcomes warrants examination, particularly among women
from lower socioeconomic backgrounds. Moreover, these effects may have even greater
relevance among women of advanced maternal age (i.e., = 35 years), an important future
direction in this line of inquiry.

Research to date pertaining to biological age is limited and has focused almost exclusively
on placental telomere length (Biron-Shental et al., 2016). However, some data have found
shorter maternal telomeres in women with gestational diabetes, recurrent miscarriages, and
idiopathic pregnancy loss (e.g., Harville et al., 2010). Relatedly, evidence supports a strong
relationship between maternal and offspring telomere length (Broer et al., 2013), and
preterm birth has an intergenerational transmission pattern. Thus, it is plausible that factors
affecting maternal telomere length have immediate and long-term consequences for maternal
and offspring health.

While data have shown that shorter telomere length in mothers and fathers is associated with
shorter telomeres in offspring, this relationship may not simply be due to heritability. In
particular, there is an epigenetic-like transmission (non-genetic) of telomere length that has
been described elsewhere (Aubert et al., 2012; Collopy et al., 2015) which applies to parents
with very short telomeres. This may also be relevant for those within normal ranges of
telomere length. Therefore our findings have potential significance for intergenerational
transmission of telomere length. In other words, shorter telomeres from early adversity
among perinatal women could theoretically be passed on to their offspring; this warrants
examination in future studies.

Associations between maternal PBMC telomere length and adverse birth outcomes were
unable to be examined in the current study. In this sample, only seven women exhibited
adverse birth outcomes (i.e., preterm birth, low birth weight). Further, controlling for
maternal age, African American women exhibited a trend toward longer telomeres than
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Whites (p = 0.10). Although not statistically significant in this cohort, this race effect is
consistent with research (Hunt et al., 2008). Various biological factors, including replication
rates of hematopoietic stem cells, may contribute to this racial difference (Hunt et al., 2008).
Regardless of the cause, the predictive value of telomere length for health outcomes may be
race-specific. Given that African American women experience markedly higher rates of PTB
and other adverse maternal and fetal health outcomes, the examination of telomere length in
association with birth outcomes requires a sample of sufficient size or racial homogeneity to
permit statistical power for race-specific associations.

In sum, these data demonstrate that childhood socioeconomic status and social support,
particularly from one’s family, are related to telomere length in pregnant women. Sample
size and racial composition prevented examination of telomere length in relation to maternal
health outcomes in the current study. Future research should examine the potential unique
predictive power of biological age (i.e., telomere length as a marker), beyond chronological
age, for adverse outcomes. These findings show that low childhood SES, independent of
current SES indicators, and low family social support are risk factors of cellular aging in
pregnant women. Both childhood SES and family social support remained significant
predictors of telomere length in a combined model. These findings have relevance for
understanding the mechanisms by which early life stress contributes to perinatal health.
Examination of the role of maternal telomere length for adverse birth outcomes in these
models would be informative.
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Highlights

. Data are lacking regarding effects of pregnancy on telomere length.

. Psychosocial predictors of telomere length in perinatal women are
understudied.

. Telomere length was stable across early, mid, and late pregnancy.

. Low childhood SES and low family social support were linked to shorter
telomeres.

. Findings have implications for linking psychosocial stress and maternal
health.
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Figure 1. Relationships between Childhood SES Indicators and Telomere Length
Main effects on telomere length were observed for perceived childhood SES (p = 0.02),

maternal educational attainment (p = 0.001), and paternal educational attainment (p = 0.01).
Post-hoc findings are signified with asterisks. Models were adjusted for age, race, current
income level, participant education level, marital status, smoking status, pre-pregnancy body
mass index, exercise, and depressive symptoms. HS refers to high school. *p < 0.05; **p <

0.01.
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Figure 2. Relationship between Social Support and Telomere Length
A main effect on telomere length was observed in relation to family social support (p =

0.02), with women reporting lower versus higher social support exhibiting shorter telomeres.
No effects on telomere length emerged with regard to social support from friends (p = 0.26)
or significant others (p = 0.90). Models were adjusted for age, race, current income level,
participant education level, marital status, smoking status, pre-pregnancy body mass index,
exercise, and depressive symptoms.
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Figure 3. Associations between Childhood SES Indicators and Family Social Support with

Telomere Length

No significant interactions between family social support and childhood SES indicators on
telomere length emerged (ps = 0.14). In educational attainment models, both family social
support (ps < 0.02) and the respective parental educational indicator (ps < 0.01) remained as
significant main effects. In the childhood SES model, family social support was not
significant (p = 0.07) while SES remained significant (p = 0.04). Models were adjusted for
age, race, current income level, participant education level, marital status, smoking status,
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pre-pregnancy body mass index, exercise, and depressive symptoms. HS refers to high
school. (n=Low Family Social Support Group [High Family Social Support Group])
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Table 1

Demographic Characteristics (n = 81)
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Age [Mean (SD)] 25.5(4.3)
Race
White 42 (51.9)
Black/African American 39 (48.1)
Marital Status
Married 34 (42.0)
In a relationship 37 (45.7)
Single 10 (12.3)
Current Education
Less than High School 7 (8.6)
High School Graduate 16 (19.8)
Some College 30(37.0)
College Degree 28 (34.6)
Income
<$15,000 25 (30.9)
$15,000-$29,999 24 (29.6)
$30,000-$49,999 14 (17.3)
>$50,000 18 (22.2)
Parity (# of prev. births)
0 27 (33.3)
1 28 (34.6)
2 or more 26 (32.1)
Smoking Status
No current use 72 (88.9)
Current use 9(11.1)
Exercise
Less than once per month | 21 (25.9)
Once per month 10 (12.3)
2-3 times per month 21 (25.9)
Once per week 13 (16.0)
More than once per week | 16 (19.8)
Prenatal Vitamin Use
Never 6 (7.4)
1-3 days/week 10 (12.3)
4-6 days/week 15 (18.5)
7 days/week 50 (61.7)
BMI [Mean (SD)] 27.3(6.2)
CES-D [Mean (SD)] 14.7 (9.8)
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Pregnancy Complications | 5(6.2) |

Note. CES-D = Center for Epidemiologic Studies — Depression Scale.

Pregnancy complications defined as gestational hypertension, preeclampsia, or gestational diabetes. n(%) unless otherwise noted
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Table 2

Childhood Socioeconomic Status Indicators and Trauma Exposure Subscales

[n (%)]
Perceived Childhood Social Class (n = 81)
Lower/Working Class 31(38.3)
Lower Middle Class 31 (38.3)
Upper Middle Class 19 (23.5)
Higher Class 0(0.0)
Maternal Educational Attainment (n = 80)
Less than High School 16 (20.0)
High School Graduate, Some College 41 (51.3)
College Degree 23 (28.8)
Paternal Educational Attainment (n = 68)
Less than High School 14 (20.6)
High School Graduate, Some College 32 (47.1)
College Degree 22 (32.4)
Trauma Exposure (n = 76)
Emotional Abuse 10 (13.2)
Physical Abuse 5(6.2)
Sexual Abuse 15 (19.7)
Emotional Neglect 9(11.8)
Physical Neglect 12 (15.8)
Total Trauma Exposure
None 50 (65.8)
One 12 (15.6)
Two or more 14 (18.1)

Note. Values represented as n (%). Frequencies associated with abuse and neglect subscales depict the number of women above the clinical cutoff.
Total trauma exposure was defined as the number of times above the moderate to severe cutoff across all subscales.
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Telomere Length Means and Standard Deviations for each Study Visit

Mean | SD
Early Pregnancy 1.66 0.26
Mid Pregnancy 1.67 0.28
Late Pregnancy 1.66 0.30
Early Postpartum 1.65 0.36

Table 3

Note. Missing data ranges from 4 to 12 data points depending on the visit.

Psychoneuroendocrinology. Author manuscript; available in PMC 2019 January 01.

Page 25



	Abstract
	1. Introduction
	2. Materials and Methods
	2.1 Study design and participants
	2.2 Measures
	2.2.1 Demographics
	2.2.2 Health behaviors
	2.2.3 Childhood socioeconomic status (SES) indicators
	2.2.4 Childhood trauma
	2.2.5 Depressive symptoms
	2.2.6 Social support
	2.2.7 Telomere measurement

	2.3 Statistical analyses

	3. Results
	3.1 Sample characteristics
	3.2 Telomere length stability across pregnancy and postpartum
	3.3 Indicators of childhood SES and telomere length
	3.4 Childhood trauma and telomere length
	3.5 Perceived social support and telomere length

	4. Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3



