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Abstract

Background Women’s reproduction requires increased energy demands, which consequently may lead to cellular
damage and aging. Hence, Telomere Length (TL), a biomarker of biological aging and health status may possibly serve
as a biomarker of reproductive effort. The aim of this systematic review is to evaluate telomere dynamics through-

out pregnancy and the association between parity and TL.

Methods A systematic search was conducted across seven databases including CINAHL, Cochrane, PsycINFO,
Proquest, PubMed; Scopus; and Web of Science, using keywords and MeSH descriptors of parity and TL. Predefined
inclusion and exclusion criteria were used to screen abstracts and titles. After the removal of duplicates, 3431 arti-
cles were included in the primary screening, narrowed to 194 articles included in the full-text screening. Consensus
was reached for the 14 studies that were included in the final review, and the Newcastle—Ottawa scale (NOS) was uti-
lized to assess the quality of the selected studies. A mini meta-analysis utilized JASP 0.17.3 software and included 4
applicable studies, comprising a total of 2564 participants to quantitatively assess the estimated effect size of parity
onTL.

Results Of the 11 studies reviewed on parity and TL, four demonstrated a negative correlation; one — a positive cor-
relation and six -found no correlation. Studies demonstrating a negative correlation encompassed rigorous methodo-
logical practices possibly suggesting having more children is associated with enhanced telomere attrition. Of the four
longitudinal studies assessing telomere dynamics throughout pregnancy, most found no change in TL from early
pregnancy to postpartum suggesting pregnancy does not affect TL from early pregnancy to early postpartum. The
meta-analysis revealed a negative, yet, non-significant effect, of the estimated effect size of parity on TL(ES=-0.009,
p=0.126,Cl-0.021,0.03).

Conclusions Studies assessing pregnancy, parity and TL yielded mixed results, most likely due to the different
research methods utilized in each study. Improvements in study design to better understand the short-term effects
of pregnancy on TL and the effect of parity on TL over time, include precise definitions of parity, comparisons of dif-
ferent age groups, inclusion of reproductive lifespan and statistically adjusting for potential confounders in the parity
and TL relationship.
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Background

Reproduction requires a high energy investment by
women due to increased metabolic demands, as inter-
nal resources are allocated to reproductive effort [1].
This may interrupt cellular maintenance mechanisms of
repair and regeneration and, over time, may lead to cel-
lular damage and aging [2]. The Disposable Soma Theory
hypothesizes that somatic maintenance is compromised
with an increased number of births since physical
resources are allocated to reproduction and childrear-
ing and are not available for needed endogenous repair
[3]. Even though this theory’s pertinence to humans has
varied [4], previous research has suggested that women
who have had more pregnancies age faster [5]. Further
investigation is required since enhanced aging serves as
a risk factor for chronic diseases and disorders as well as
reduced longevity [6].

Telomeres, the protective "caps" at the end of chromo-
somes, serve as one type of biomarker for cellular aging,
specifically related to replicative senescence [7]. Telomere
length (TL) varies in different cell types; however, leuko-
cyte TL is a biomarker of biological age and health status
[8] and genomic instability [9] TL is also an integrated
measure of allostatic load and environmental exposures
as it is affected by factors such as stress, smoking, and
pollution [10, 11].

Telomere shortening is a normal cellular process and
while it has been associated with morbidity and mortality
from psychological and physiological stressors and disor-
ders [2, 12-14] it is important to note that TL research is
a relatively new field of study, and additional research is
needed to uncover the role of telomeres in human health.
Current knowledge unfolds that differences in TL can be
attributed to both the rate of telomere shortening over
time and variations in TL at birth [15]. Adding to that,
TL research confronts challenges due to variations in TL
measurement methods [16] making it difficult to com-
pare results across studies. Moreover, TL has been found
to be influenced by various lifestyle factors such as inad-
equate nutrition [17, 18], sleep [19], physical activity [20]
and obesity [21]. Since accelerated telomere shortening is
associated with accelerated aging, TL may serve as a bio-
marker of reproductive effort [22].

Studies investigating the effects of pregnancy on
women’s health, longevity, and TL have shown that
physiologically, normal pregnancies are accompanied
by elevated inflammation [23], dyslipidemia [24], insulin
resistance and enhanced oxidative stress [25-28]. Preg-
nancy has been depicted as a model for aging [29] due
to the similarities between aging and pregnancy’s physi-
ological and cellular processes. Nonetheless, although
pregnancy has the potential to lead to cellular damage
and enhanced aging, it has a restoring effect as well,
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and damage is usually reversed during the postpartum
period, wherein women recover back to their pre-preg-
nancy state with increased bodily defense mechanisms
against cellular damage [29]. This, in turn, suggests preg-
nancy, at least in the early post-partum phase, entails
mechanisms of recovery and rejuvenation, feasibly sug-
gesting its’ net protective health effect on the woman and
possibly its ability to slow the pace of biological aging
[30, 31]. Ross et al. [31], utilized women’s immune cell-
derived epigenetic age biomarkers, which are associated
with chronological age. This study followed pregnant
women throughout their pregnancy and one year post-
partum, measuring their epigenetic age biomarkers such
as PEAA, GrimAge, DNAm PAI-1, and immune cell pop-
ulation epigenetic age indices, and found that the epige-
netic clocks became younger over the follow-up period
[31]. Our focus is whether pregnancy changes TL, across
studies that have addressed this question.

Although pregnancy can potentially strain the car-
diovascular system [32, 33], elevated estrogen levels
throughout pregnancy are advantageous for women’s
cardiovascular health. They act as an antioxidant, low-
ering oxidative stress [34], halting telomere shortening,
and epigenetic aging [31, 35], as opposed to testosterone,
dominated in men, which is not associated with suppres-
sion of oxidative damage [36]. In addition, via different
pathways, estrogen directly increases telomerase activ-
ity in women, an enzyme responsible for maintenance
and elongation of telomeres [37]. An increase in telom-
erase activity consecutively, slows telomere shortening
and promotes telomere elongation [34]. While telomer-
ase activity is essential for maintaining TL and prevent-
ing cellular aging, it’s activation has been implicated
in tumorigenesis [38]. Although telomerase does not
directly cause cancer [39], it can help cancer cells grow
and spread. Thus, estrogen-induced telomerase activa-
tion may have beneficial effects on TL, but the potential
risks should be considered.

Short-term pregnancy related physiological stress
usually resolves after childbirth, yet whether there are
cumulative effects of multiple pregnancies on health is
not clearly known. Multiple pregnancies potentially may
induce excessive physical and psychological stress affect-
ing repair mechanisms that can impact women’s health
in the long term and exacerbate the aging process [5].
Overall, studies have demonstrated that higher parous
women, going through multiple pregnancies, in compari-
son to lower parous or nulliparous women, are at higher
risk of developing chronic diseases and syndromes, such
as cardiovascular disease [32, 40], coronary heart disease
[41] type 2 diabetes [42, 43] and the metabolic syndrome
[44]. The risk is disease specific since parity appears to
have a protective effect in certain chronic diseases, such
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as breast cancer [45] and endometrial and ovarian cancer
[46, 47].

Studies investigating the association between par-
ity and mortality have shown inconsistent results, some
studies have shown parity to be positively correlated with
mortality mainly in historical cohorts; the more chil-
dren women had, the higher their mortality rate [48, 49].
However, there is a nonlinear relationship in more con-
temporary populations, showing a U-shaped or J-shaped
mortality rate, with the highest mortality rates among
nulliparous women, or in some studies women with one
child, and women with more than four or five children
[50—54]. A recent study on the Irish longitudinal study on
aging exhibited the opposite results, showing a negative
relationship between parity and mortality, the more chil-
dren women had the lower their mortality risk [55].

This systematic review has two goals: 1) to assess the
potential changes in TL throughout pregnancy and 2) to
evaluate the association between parity and TL. To our
knowledge, there are yet no reviews on this in human
subjects. Sudyka [56] reviewed 33 studies, mostly non-
human subjects. She found that most studies in which
reproduction was experimentally manipulated, enhanced
telomere attrition occurred, yet overall studies assess-
ing the relationship between reproduction and TL have
shown both positive and negative correlations. Therefore,
the question of whether parity promotes or represses
longevity, and, in turn, TL needs further investigation.

Methods

This Systematic Review followed the Preferred Reporting
Items for Systematic reviews and Meta-Analyses scoping
review extension (PRISMA-ScR). A systematic search of
studies addressing the effect of pregnancy and parity on
women’s TL was conducted across seven electronic data-
bases, including: Cumulative Index to Nursing and Allied
Health (CINAHL); Cochrane, PsycINFO, Proquest, Pub-
Med; Scopus; and Web of Science. This systematic lit-
erature search was conducted on May 10, 2021, and was
subsequently updated on June 15, 2022, it used general
keyword terms for each concept and MeSH descriptors
of the two main concepts of parity and TL, utilizing com-
binations of relevant search terms. The full search strat-
egy can be viewed in Appendix 1.

The search strategy (Appendix 1 & Appendix 2) was
developed by a team of researchers and a librarian and
was peer-reviewed by an additional information special-
ist. All studies detected through the search process were
exported to the Mendeley reference manager software.
They were screened by the first author for duplicates via
the automatic software screening for duplicates func-
tion and manual screening. Articles identified by the
search strategy were screened in two stages; the first
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stage- titles and abstracts were screened for relevance
by one researcher, and if the required inclusion criteria
were unclear from the abstract, the full-text article was
retrieved to determine eligibility. Second stage — all three
researchers reviewed all selected articles for secondary
screening, and any disagreements on selected studies
were resolved by discussion. One additional article was
identified via citation searching.

The articles had to meet the following inclusion crite-
ria: research articles (observational, experimental, and
case reports) published in English that measured TL as
an outcome via any methodology. In addition, studies
that focused only on human subjects, specifically, preg-
nant and postpartum women at any age in which they
can experience pregnancy and childbirth. At last, during
pregnancy: only longitudinal studies were included and/
or studies that mentioned women’s number of children
and presented its association with TL.

Articles meeting the exclusion criteria were excluded
from the review. Exclusion Criteria included: TL meas-
ured in specific female tissues: placenta tissue, cord
blood, endometrial tissues, oocytes, cumulus cells,
umbilical cord, fallopian tubes, ovaries (this criterion
was created to ensure TL measurements that were more
representative of systemic changes in TL and to focus
the research question on women within the context of
their lives and their interactions with the physical and
social environment, and not on tissues). Studies that only
focused on women with adverse obstetric outcomes:
ectopic pregnancy, miscarriage, pre-eclampsia, intrau-
terine growth restrictions, IVE, postpartum depression,
endometriosis, infertility, premature ovarian failure as
well as review articles or studies that only focused on
fetal/newborn TL ( to avoid potential confounding effects
of these outcomes on TL measurements).

We identified a total of 7664 articles through the search
strategy (Fig. 1) and one additional article was identi-
fied via hand searching. After removing duplicates, 3431
articles were included in the primary screening measure-
ments of titles and abstracts, and after removing 3237
articles, 194 articles were included in the full-text screen-
ing. No studies detected through the search of grey lit-
erature (ProQuest) met the inclusion criteria. Consensus
was reached by discussion for the 14 studies that met
eligibility criteria and were included in the final review
(Table 1).

The Newcastle—Ottawa scale (NOS), was used to assess
the quality of the included studies [70]. NOS checklist
for cohort studies, case—control studies and adapted for
cross-sectional studies were all utilized and matched for
the study type scored. The NOS scale, a star scoring sys-
tem, focuses on three components: the selection, com-
parability, and outcome/exposure of the studies, and, in
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Fig. 1 PRISMA 2020 flow diagram for new systematic reviews

accordance with the NOS guidelines, is graded with up to
five stars, two stars and three stars for each component,
respectively. The quality assessment was examined inde-
pendently by two authors, and any disagreements were
resolved by discussion. Studies with NOS scores of 0-3,
4—6 and 7-10 were considered as low, moderate and high
quality, respectively (Table 2).

At last, a mini meta-analysis utilized JASP 0.17.3
software and included 4 applicable studies, compris-
ing a total of 2564 participants to quantitatively assess
the estimated effect size of parity on TL. A fixed effects

assessed n = 15

Study focused on pregnancy
with only one telomere length
measure n =9

Telomere length measured in
specific tissues and not whole
blood n = 38

Article that focused exactly on
same database n=2

Definition of parity only
included children currently
residing in the household n=1

model was deemed appropriate based on the study
of heterogeneity and was indicated by p-value 0.095;
Q=6.361 using data on effect sizes (ES) and standard
error of effect sizes (SE).

Results

All studies, included in the final review, that met eligibil-
ity criteria were published between the years 2011-2022.
Eight of these studies were conducted in the United
States [10, 58-60, 65—-67, 69], two in Canada [63, 68],
two in Central America [57, 64] one in the Philippines
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[61] and one in Israel [62]. Of the studies assessing parity
and TL, three utilized a longitudinal research design [10,
57, 61], seven reported data from a cross-sectional study
design [58-60, 63—66] and one study utilized a case con-
trol retrospective study design [62]. All studies assessing
TL dynamics throughout pregnancy utilized a longitudi-
nal research design [10, 67-69]. Overall, studies focused
either on pregnant women [10, 67-69] or postpartum
women [57-66].

The age range of participants in studies assessing parity
and TL was 20-85, and in studies assessing TL dynam-
ics throughout pregnancy was 17-42. Studies assessing
telomere dynamics throughout pregnancy concordantly
included a narrower range of ages with premenopau-
sal women [10, 67—69]. Studies assessing parity and TL
mostly comprised of a broader range of ages including
a mixture of both premenopausal and postmenopausal
women [57, 58, 63—66], yet some studies included a nar-
rower range of ages of younger premenopausal women
[10, 59-62]. Study sample sizes of studies assessing TL
dynamics throughout pregnancy ranged between 32 to
105, with a total of 321 women, and studies assessing
TL and parity had larger sample sizes ranging between
60—1554, with a total of 6534 women. All studies utilized
qPCR method for TL testing with whole blood samples,
except for one study that used saliva and buccal cells [57]
and one study that used terminal restriction fragments
(TREF) analysis [62].

The studies evaluating the relationship between par-
ity and TL, defined parity differently, some defining par-
ity as the number of children [58, 64], number of living
children [62] and one study defined parity as the num-
ber of surviving offspring at the time of the study [57]
Other studies defined parity as number of births, which
was subcategorized as—live births [60, 65, 66] and num-
ber of previous births [67]. Parity was also defined as any
pregnancy lasting>20 weeks [59] and Ryan et al. (2018)
in addition to live births also included pregnancies that
ended as stillbirths and miscarriages [61], and at last two
studies defined parity as a dichotomous variable of either
multiparity or nulliparity [10, 63].

The selected articles were divided into three categories
(Table 1): 1. Studies that directly assessed the relationship
between number of children and TL [57-62] 2. Studies
that assessed the relationship between TL and a sec-
ondary variable such as — mammographic density [63],
sociodemographic correlates [64], maternal age at last
birth [65], employment and work schedule [66], endo-
crine disrupting chemicals and inflammation [10], child-
hood adversity and social support [67] and HIV positive
and Negative pregnant women [68]. Data on parity was
collected as a covariate and the statistical relationship
between TL and parity was reported. 3. Studies that
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assessed pregnancy’s impact on TL and encompassed
a longitudinal study design with multiple TL measure-
ments throughout early pregnancy and early postpartum
[10, 67-69]. Of these, only Zota et al. [10] included data
on both parity and TL, assessing TL differences among
nulliparous and multiparous women, and longitudinally
throughout pregnancy, and we utilized both data sets for
this review. In sum, we integrated data from all selected
studies to enhance our understanding of both the tel-
omere dynamics throughout pregnancy and the relation-
ship between parity and women’s TL.

Negative correlation

Of the 11 studies that assessed the relationship between
parity and TL, four studies found a negative correla-
tion; in general, having more children was correlated
with shorter TLs. Kresovich et al. [58], who examined
the relationship between reproductive history and TL
via number of children and exposure to endogenous
and exogenous estrogen has demonstrated an inverse
correlation between TL and parity, and the correlation
with parity was greatest for women with four or more
births in comparison to women with 0 or 1 births. Inter-
estingly, a positive relationship between breastfeeding
duration and TL has been observed in this study [58].
Pollack et al. [60] who studied the association between
parity and TL, found that parity was correlated, with
shorter TLs compared to nulliparous women. Nonethe-
less, number of live births had an inverse U shape cor-
relation with TL, showing a shorter T/S ratio for women
with 1, 2 and > 5 live births, demonstrating women with
more than five live births showing the largest reduction
in mean T/S ratio [60]. Ryan et al. [61], who studied
the youngest age group within all studies in this review
assessed gravidity in relation to TL and found that gra-
vidity was inversely correlated with TL; each additional
pregnancy was correlated with 0.34-3.67 years of tel-
omere aging and this association was not related to SES
[61]. Parks et al. [66] study assessing the relationship
between work schedule and TL has shown that cur-
rent full-time work was correlated with shorter TL, yet,
this relationship was strongest for women with three
or more children [66]. Of note, three of the four stud-
ies showing a negative correlation between parity and
TL, based on the NOS checklist, received a high qual-
ity grade, demonstrating rigorous research methods [58,
60, 66].

Positive correlation

One study found a positive correlation between TL and
parity [57], showing that the more children the woman
had, the longer her TL. This study demonstrated that
each additional child born throughout the 13 year
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follow-up period was correlated with an 0.059 increase
in TL units [57]. Based on the NOS checklist, this
study was graded with a medium quality grade, due to
its lack of methodological rigor questioning its results
applicability to the general population of women.

Non-correlation

Finally, six studies found no correlation between parity
and TL. Of these, two studies assessed the relationship
between TL and parity directly [59, 62] and four stud-
ies assessed the relationship between TL and a second-
ary variable, with parity assessed as a covariate [10,
63-65]. Four of these studies received a high-quality
grade according to the NOS checklist [10, 59, 64, 65],
and two received a medium quality grade [62, 63].

Longitudinal correlation

Of the studies that assessed change in TL longitu-
dinally throughout early pregnancy and early post-
partum, three observed no change in TL over time
[10, 67, 69] of these, two studies received a high
quality grade according to the NOS checklist [10,
67] and one study received a medium quality grade
[69]. At last, one study, who followed HIV positive
and negative women throughout pregnancy, and
received a high quality grade, has shown that both
groups had similar TLs which increased through-
out pregnancy, especially among women younger
than 35 years [68].

Mini meta-analysis results

The mini meta-analysis results obtained showed a non-
significant estimated effect size of parity on TL. The
Forest plot (Fig. 2) reveals a slight negative, yet, non-sig-
nificant effect of parity on TL (ES=-0.009, p=0.126, CI
-0.021, 0.03).

Discussion

The current systematic review sought to investigate
recent research that assessed TL dynamics throughout
pregnancy and the relationship between parity and wom-
en’s TL, using a systematic search strategy, we identified
14 relevant studies. Overall, out of 11 studies that exam-
ined parity and TL, four studies found a negative correla-
tion between parity and TL, one study found a positive
correlation, and six studies did not find any correlation.
Of the four studies assessing telomere dynamics through-
out pregnancy, three studies demonstrated no change in
TL overtime and one study demonstrated telomere elon-
gation from early pregnancy to postpartum.
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Based on the quality assessment of the studies, the
only study that has demonstrated a positive relationship
between TL and parity [57] lacked methodological rigor,
as it utilized a convenience sampling method and lacked
controlling for key confounders. These deficiencies in
methodology question the reliability of the positive rela-
tionship between parity and TL reported. Conversely,
three of the four studies that demonstrated a negative
correlation between parity and TL [58, 60, 66], scored
highly for quality, exhibited relatively large sample sizes,
controlled for various potential confounders and encom-
passed a wider range of ages. The six studies that dem-
onstrated no correlation between parity and TL were a
mixture of high and moderate quality studies and dem-
onstrated heterogeneity in their study designs.

The mini meta-analysis results showed a negative trend
in the association between parity and TL, although this
trend was not statistically significant, the small number
of studies included, limits the power of the meta-analysis,
yet, warrants future research on the effect of parity on
TL. Overall, these mixed study results may have arisen
in part from the varied research methods utilized in each
study for measurement of parity, timing of measures,
and age of the women, as well as lack of statistical adjust-
ment for potential confounders that possibly brought
about these different study results. Our systematic review
defined parity as the number of times a woman has given
birth to a baby of viable gestation or fetal weight, regard-
less of the birth outcome. Nonetheless, parity is one
aspect of reproduction, which is complex, as it is affected
by many variables beyond parity, such as women’s’ nutri-
tional and socioeconomic status (SES), breastfeeding
status, childcare demands, social support, spacing and
timing of pregnancies, as well as women’s’ reproductive
lifespan including age at first and last reproduction [5].

Reproductive lifespan and estrogen exposure through-
out, as well as women’s age at first and last pregnancy
have been studied with regards to their effect on wom-
en’s’ mortality and TL. In terms of women’s’ age at preg-
nancy, Dior et al. [51] demonstrated a positive correlation
between parity and mortality among women that were
younger in age at first birth [51]. Concordantly, Parks
et al. [66] demonstrated shorter TL for younger women
at first birth, yet two other studies did not find a correla-
tion between women’s age at first birth and TL [57, 63].
Interestingly, two studies have shown a positive relation-
ship between maternal age at last birth and TL [65, 71],
yet in one of these studies, this relationship was restricted
to 1-2 children [65]. Increased parity might also imply
a longer reproductive lifespan, as Lin et al. [35] demon-
strated a positive correlation between reproductive lifes-
pan, indicative of longer endogenous estrogen exposure
(from menarche to menopause) and TL. Nonetheless,
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Fig. 2 Forest Plot Mini Meta-Analysis*

* Mini meta-analysis for the effect of parity on telomere length

Kresovich et al. [58] has demonstrated that women’s
longer reproductive periods, as well as increased par-
ity were associated with shorter TL. Moreover, women
with extended fertility, having children between 43-48
years of age exhibited longer telomeres in comparison
to matched age fertile women who were unable to natu-
rally conceive, yet this relationship was significant only
for women with up to 8 children and non-significant for
women with nine or more children [62]. The data pre-
sented may imply that the burden of childbirth is a con-
tributary factor to women’s mortality and TL, yet, parity
alone cannot represent reproduction, timing of pregnan-
cies as well as women’s’ reproductive lifespan should be
considered as well. Further studying the weighted con-
tributions of different reproductive factors is essential to
understand parity’s role in women’s longevity and TL.

Other stressors that may affect women’s TL include
women’s own fetal stressful environmental exposures
[72], adverse childhood experiences [73], psychological
and psychosocial stressors [74, 75], long term exposure to
environmental stressors [10], chronic disease [8] and life-
style behaviors such as diet [18, 21], physical activity [20]
and sleeping patterns [19]. Nonetheless, many studies do
not collect these measures and incorporate them in their
statistical analysis.

Interestingly, four of the six studies in this review,
which found no relationship between parity and TL (all
graded with high quality scores according to the NOS
checKlist), included mainly premenopausal younger
women aged 38-45 [59], 18-42 [10], 43-48 [62] and
mean age 37 +6 [64], Whereas, two of the four studies
in this review that had a broader range of ages includ-
ing pre and post-menopausal women, showed a nega-
tive correlation between parity and TL, these studies

also ranked highly according to NOS checklist [58, 66].
Age may be an important factor in this relationship. Tel-
omere dynamics vary throughout the life span and TL
shortening may occur in a nonlinear fashion [76-78]. So
far, evidence points to enhanced telomere attrition early
in life (birth to 4 years), followed by periods of mainte-
nance mostly observed during the first and third decades,
and gradual TL shortening thereafter [76]. Although
more research is needed to ascertain telomere dynamics
throughout the life span, this variable might explain the
lack of relationship between parity and TL among many
of the studies with younger age groups. In addition, stud-
ying younger women may assess the short-term effects of
parity on TL, making it difficult to determine the long-
term consequences of repeated pregnancies on TL.
Different definitions of parity in each study make it
difficult to compare results across studies. Comparing
studies counting live births with studies including mis-
carriages and stillbirths within the definition of parity
may be biased as telomere shortening may be influenced
by stress endured via these events rather than by the bio-
logical occurrence of childbirth. Ryan et al. [61] found a
negative correlation between parity and TL, yet parity
in this study also included pregnancies that ended up
as stillbirths and miscarriages, which diverges from our
definition of parity and possibly affecting the direction
and strength of the relationship. Lane Cordova et al. [59],
who defined parity as any pregnancy lasting more than
20 weeks, possibly resulting in an infant with a lower
survival rate, has shown no correlation between parity
and TL. Noteworthy, two studies that defined parity as
a binary variable of either nulliparity or multiparity have
shown no correlation between parity and TL [10, 63].
Therefore, standardizing a definition of parity is crucial
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for accurate study conclusions and comparison of results
across studies.

Beyond the various definitions of parity, we explored
the categories of parity defined in each study, and exam-
ined whether the relationship between parity and TL is
possibly non-linear. Within the studies that assessed
parity as a primary measurement (#=6), and the stud-
ies that assessed parity as a covariate (n=5), only five
and three studies in each group respectively, categorized
parity in a way that we could attempt to infer whether
a certain number of children seems to be the threshold
for telomere changes. Of these, one primary study has
found a positive correlation between parity and TL [57],
yet two primary studies [59, 62] and two studies that
assessed parity in relation to TL as a covariate [64, 65] did
not find a correlation between parity and TL. Nonethe-
less, based on two studies that assessed the relationship
between parity and TL directly [58, 60] and one study
that utilized parity as a covariate [66] and based on their
relatively large sample sizes n=1048 [58], n=1554 [60]
n=608 [66] and their high quality score ratings according
to the NOS, this potential nonlinear relationship should
be further explored, yet cannot be concluded from the
data presented in these studies. Beyond the biological
effect of parity on TL, a social factor might be consid-
ered as lower SES is associated with higher parity, poorer
health, and shorter TL [79, 80]. A lower SES may signify
less available resources that may lower energy require-
ments for childrearing. Moreover, higher parous women
might endure more stress from raising more children,
which is associated with poorer health outcomes [81],
yet, conversely, have a broader social network, therefore,
more social support, which is linked to better health and
longer TLs [82]. Barha et al. [57] who demonstrated TL
was longer in multiparous women highlights the role of
social support in health status, aging, and TL. Gener-
ally, social relationships are associated with enhanced
physical and emotional health outcomes and a lower inci-
dence of mortality among individuals [83] evidenced by
research investigating the association between social ties
and TL- having social ties is associated with longer tel-
omeres [84, 85]. A positive social environment may con-
tribute to women’s” health and negate the challenging and
stressful postpartum period demands [86]. Barha et al.
[57] attributed the positive relationship between parity
and TL, to the cooperative breeding strategy, character-
ized by the Mayan population studied. Feasibly, having
more children increase social support received, which
in turn, may lower energetic costs of childrearing, leav-
ing more energy for maintenance therefore, slowing bio-
logical aging [57]. Thus, the effect of social support on TL
among women in the general population requires further
investigation.
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Conclusions

Reproduction is a complex biological mechanism, tax-
ing women’s energy demands, increasing their suscep-
tibility to specific chronic disease, yet decreasing it
for others. Overall, pregnancy can potentially enhance
biological aging, yet also provide women with biologi-
cal health-protective pathways. Adding to the complex
nature of this phenomenon, additional variables such as
childrearing, stress, social support, and lifestyle factors
may affect TL and should be considered when research-
ing the effects of reproduction on TL. Our review sug-
gests that pregnancy does not affect TL throughout the
pregnancy period. The studies in this review focusing
on pregnancy, utilized a longitudinal research design,
measuring TL during early and late pregnancy or early
postpartum. Three of four studies reviewed showed no
significant change in TL throughout pregnancy [10, 67,
69] and the one study that has demonstrated elongated
telomeres throughout pregnancy has studied women
with HIV [68]. Even though the healthy control group
also demonstrated elongated telomeres, their small
sample size (n=41), necessitates further research.

Overall, three of the four studies demonstrating a nega-
tive correlation between parity and TL demonstrated rig-
orous research methods, these can possibly imply that
having more children may be associated with enhanced
telomere attrition. The six studies that exhibited no cor-
relation between parity and TL, although most were high
quality studies according to the NOS, most of these studies
included narrower younger age ranges, questioning whether
the burden of childbirth effecting TL manifests later in life.
Noteworthy, the one study that found a positive correlation
between parity and TL, besides exhibiting flaws in its meth-
odology, studied a unique population—Kaqchikel Mayan
women in Guatemala [57] that do not necessarily represent
the general population of women. At last, the mini meta-
analysis did not find a statistically significant effect of par-
ity on TL, although a negative trend was observed. Future
meta-analyses with a larger number of studies may provide
more conclusive evidence on this topic.

Further research is needed to better understand the
dynamics of pregnancy on TL and the effects of par-
ity on TL over time. For more accurate conclusions,
clearly defining parity is crucial, alongside comparing dif-
ferent age groups of pre- and post-menopausal women
and statistically adjusting for the potential confounders
during pregnancy and during child raising years. Addi-
tionally, measuring telomerase, might clarify the path-
way involved in the pregnancy, parity and TL association,
since estrogen elevated during pregnancy, has been asso-
ciated with increased telomerase activity, which in turn
promotes telomere elongation [34, 87].
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There are limitations to the studies reviewed. Sev-
eral of the studies had sample sizes under 100, and it
is hard to find cross sectional effects of parity given
the already high individual variance in TL between
people. Longitudinal studies across one or multiple
pregnancies would offer the best design. Moreover, TL
measurements can vary depending on the testing tech-
niques used and consequently affect the association
between parity and TL, therefore the lack of standard-
ized TL measurement techniques across studies may
limit the comparability of findings. Future research
should strive for consistency in TL measurement pro-
tocols to enhance the reliability and validity of associa-
tions with other variables, including parity. In addition,
almost all studies in this review used the PCR method
that may not have been able to detect small changes
during short periods that fall below the threshold of
measurement error. Of note, qPCR measurements can
be susceptible to measurement error, because it’s a
complex technique that can be affected by a number of
factors, including the quality of the DNA sample, the
concentration of primers and probes utilized through-
out testing, and the settings of the PCR machine. All
these can affect the accuracy of TL measurements [88].
Furthermore, there is considerable variability observed
both within individual samples and across different
samples when employing the qPCR method for TL
assessment [89]. Further studies are thus needed using
the more precise southern blot measurement method)
TRN Recommendations for the measurement of tel-
omere length in population studies (Telomere research
Network [TRN]), n.d.) [90].

Abbreviations
TL: Telomere Length
NOS:  Newcastle-Ottawa scale

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512884-023-06011-8.

Additional file 1: Appendix 1. Full Search Strategy. Appendix 2. General
Keyword Search Strategy.

Acknowledgements
Not Applicable.

Authors’ contributions

Author NHK - Wrote the original draft, conducted formal analysis of studies
included in the review, and reviewed and edited the manuscript. Author SB -
assisted with conceptualization, supervised search strategy creation and data
integration and reviewed and edited the manuscript. Author EE — Conceptual-
ized and reviewed and edited the manuscript

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Page 150f 17

Availability of data and materials
All data generated or analysed during this study are included in this published
article [and its supplementary information files].

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'School of Public Health, Faculty of Social Welfare and Health Sciences, Univer-
sity of Haifa, Mount Carmel, 31905 Haifa, Israel. 2Health Systems Management
Department, The Max Stern Yezreel Valley College, 1930600 Yezreel Valley,
Israel. *Department of Psychiatry and Behavioral Sciences, University of Califor-
nia, 675 18th St, San Francisco, CA 94107, USA.

Received: 20 February 2023 Accepted: 19 September 2023
Published online: 17 October 2023

References

1. Jasienska G. Reproduction and lifespan: Trade-offs, overall energy budg-
ets, intergenerational costs, and costs neglected by research. Am J Hum
Biol Off J Hum Biol Assoc. 2009;21(4):524-32.

2. Epel ES, Lithgow GJ. Stress biology and aging mechanisms: toward
understanding the deep connection between adaptation to stress and
longevity. J Gerontol Ser A Biomed Sci Med Sci. 2014;,69(Suppl_1):510-6.

3. Kirkwood TBL, Rose MR. Evolution of senescence: late survival sacrificed for
reproduction. Philos Trans R Soc London Ser B Biol Sci. 1991;332(1262):15-24.

4. Chereji E, Gatz M, Pedersen NL, Prescott CA. Reexamining the association
between fertility and longevity: testing the disposable soma theory in a
modern human sample of twins. J Gerontol Ser A Biomed Sci Med Sci.
2013;68(5):499-509.

5. Jasienska G. Costs of reproduction and ageing in the human female.
Philos Trans R Soc B. 1811,;2020(375):20190615.

6. Vaiserman A, Krasnienkov D. Telomere Length as a Marker of Biological
Age: State-of-the-Art, Open Issues, and Future Perspectives. Front Genet.
2021;11. Available from: https://www.scopus.com/inward/record.uri?
eid=2-52.0-85100585719&doi=10.3389%2Ffgene.2020.630186&partn
erlD=40&md5=0cc42af7512b55751f2646ae33342b75.

7. Jiang H, Ju Z, Rudolph KL. Telomere shortening and ageing. Z Gerontol
Geriatr. 2007;40(5):314-24.

8. Muezzinler A, Zaineddin AK, Brenner H. A systematic review of leukocyte
telomere length and age in adults. Ageing Res Rev. 2013;12(2):509-19.

9. De LangeT.Telomere-related genome instability in cancer. Cold Spring
Harb Symp Quant Biol. 2005;70:197-204. https://doi.org/10.1101/sgb.
2005.70.032.

10. Zota AR, Geller RJ, Romano LE, Coleman-Phox K, Adler NE, Parry E, et al.
Association between persistent endocrine-disrupting chemicals (PBDEs,
OH-PBDEs, PCBs, and PFASs) and biomarkers of inflammation and cellular
aging during pregnancy and postpartum. Environ Int. 2018;115:9-20.

11. Ahrens KA, Rossen LM, Simon AE. Relationship Between Mean Leucocyte
Telomere Length and Measures of Allostatic Load in US Reproductive-
Aged Women, NHANES 1999-2002. Paediatr Perinat Epidemiol.
2016;30(4):325-35. https://doi.org/10.1111/ppe.12277.

12. Barrett JH, lles MM, Dunning AM, Pooley KA. Telomere length and
common disease: study design and analytical challenges. Hum Genet.
2015;134(7):679-89. https://doi.org/10.1007/500439-015-1563-4.

13. Mathur MB, Epel E, Kind S, Desai M, Parks CG, Sandler DP, Khazeni N.
Perceived stress and telomere length: a systematic review meta-analysis
and methodologic considerations for advancing the field. Brain Behav
Immun. 2016;54:158-69. https://doi.org/10.1016/j.bbi.2016.02.002.


https://doi.org/10.1186/s12884-023-06011-8
https://doi.org/10.1186/s12884-023-06011-8
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85100585719&doi=10.3389%2Ffgene.2020.630186&partnerID=40&md5=0cc42af7512b55751f2646ae33342b75
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85100585719&doi=10.3389%2Ffgene.2020.630186&partnerID=40&md5=0cc42af7512b55751f2646ae33342b75
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85100585719&doi=10.3389%2Ffgene.2020.630186&partnerID=40&md5=0cc42af7512b55751f2646ae33342b75
https://doi.org/10.1101/sqb.2005.70.032
https://doi.org/10.1101/sqb.2005.70.032
https://doi.org/10.1111/ppe.12277
https://doi.org/10.1007/s00439-015-1563-4
https://doi.org/10.1016/j.bbi.2016.02.002

Houminer-Klepar et al. BMC Pregnancy and Childbirth

20.

21

22.

23.
24,

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

(2023) 23:733

Schutte NS, Malouff JM. The relationship between perceived stress and
telomere length: a meta-analysis. Stress Health. 2016;32(4):313-9. https://
doi.org/10.1002/5smi.2607.

Martens DS, Van Der Stukken C, Derom C, Thiery E, Bijnens EM, Nawrot
TS. Newborn telomere length predicts later life telomere length: Track-
ing telomere length from birth to child- and adulthood. EBioMedicine.
2021,63:103164. https://doi.org/10.1016/j.ebiom.2020.103164.
Montpetit AJ, Alhareeri AA, Montpetit M, Starkweather AR, Elmore LW,
Filler K, Mohanraj L, Burton CW, Menzies VS, Lyon DE, Jackson-Cook

CK. Telomere length: a review of methods for measurement. Nurs Res.
2014;63(4):289-99. https://doi.org/10.1097/NNR.0000000000000037.
Cassidy A, De VI, Liu Y, Han J, Prescott J, Hunter DJ, et al. Associations
between diet, lifestyle factors, and telomere length in women-. Am J Clin
Nutr. 2010;91(5):1273-80.

Ekmekcioglu C. Nutrition and longevity—From mechanisms to uncertain-
ties. Crit Rev Food Sci Nutr. 2020;60(18):3063-82.

Cribbet MR, Carlisle M, Cawthon RM, Uchino BN, Williams PG, Smith

TW, et al. Cellular aging and restorative processes: subjective sleep
quality and duration moderate the association between age and
telomere length in a sample of middle-aged and older adults. Sleep.
2014;37(1):65-70.

Tucker LA. Physical activity and telomere length in US men and women:
an NHANES investigation. Prev Med (Baltim). 2017;100:145-51.

Zhang Y, Xu Z,Yang Y, Cao S, Lyu S, Duan W. Association Between Weight
Change and Leukocyte Telomere Length in US Adults. Front Endocrinol
(Lausanne). 2021;12:650988.

Shalev |, Belsky J. Early-life stress and reproductive cost: A two-hit devel-
opmental model of accelerated aging? Med Hypotheses. 2016,90:41-7
Available from: http://ezproxy.haifa.ac.il/login?url=https://search.ebsco
host.com/login.aspx?direct=true&db=cin20&AN=1143951498&site=
ehost-live&scope=site.

Mor G, Cardenas |. The immune system in pregnancy: a unique complex-
ity. Am J Reprod Immunol. 2010;63(6):425-33.

Wild R, Weedin EA, Wilson D. Dyslipidemia in pregnancy. Cardiol Clin.
2015;33(2):209-15.

Barbour LA, McCurdy CE, Hernandez TL, Kirwan JP, Catalano PM, Friedman
JE. Cellular mechanisms for insulin resistance in normal pregnancy and
gestational diabetes. Diabetes Care. 2007;30(Supplement 2):5112-9.
Tobota-Wrébel K, Pietryga M, Dydowicz P, Napierata M, Brazert J, Florek

E. Association of oxidative stress on pregnancy. Oxid Med Cell Longev.
2020,2020:6398520.

Hung TH, Lo LM, ChiuTH, Li MJ, Yeh YL, Chen SF. A longitudinal study of
oxidative stress and antioxidant status in women with uncomplicated
pregnancies throughout gestation. Reprod Sci. 2010;17(4):401-9.
Ziomkiewicz A, Sancilio A, Galbarczyk A, Klimek M, Jasienska G, Bribiescas
RG. Evidence for the cost of reproduction in humans: High lifetime
reproductive effort is associated with greater oxidative stress in post-
menopausal women. PLoS One. 2016;11(1):e0145753.

Giller A, Andrawus M, Gutman D, Atzmon G. Pregnancy as a model for
aging. Ageing Res Rev. 2020;62:101093.

Michaeli TF, Bergman Y, Gielchinsky Y. Rejuvenating effect of pregnancy
on the mother. Fertil Steril. 2015;103(5):1125-8.

Ross KM, Carroll J, Horvath S, Hobel CJ, Coussons-Read ME, Dunkel SC.
Immune epigenetic age in pregnancy and 1 year after birth: associations
with weight change. Am J Reprod Immunol. 2020;83(5):e13229.

Lawlor DA, Emberson JR, Ebrahim S, Whincup PH, Wannamethee SG,
Walker M, et al. Is the association between parity and coronary heart
disease due to biological effects of pregnancy or adverse lifestyle risk
factors associated with child-rearing? Findings from the British Women'’s
Heart and Health Study and the British Regional Heart Study. Circulation.
2003;107(9):1260-4.

Loerup L, Pullon RM, Birks J, Fleming S, Mackillop LH, Gerry S, et al. Trends
of blood pressure and heart rate in normal pregnancies: a systematic
review and meta-analysis. BMC Med. 2019;17(1):1-12.

Bayne S, Jones MEE, Li H, Liu J. Potential roles for estrogen regulation of
telomerase activity in aging. Ann N'Y Acad Sci. 2007;1114(1):48-55.

Lin J, Kroenke CH, Epel E, Kenna HA, Wolkowitz OM, Blackburn E, et al.
Greater endogenous estrogen exposure is associated with longer
telomeres in postmenopausal women at risk for cognitive decline. Brain
Res. 2011;1379:224-31 Available from: http://ezproxy.haifa.ac.il/login?url=

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

Page 16 of 17

https://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=
2011-04333-007&site=ehost-live&scope=site.

Barrett ELB, Richardson DS. Sex differences in telomeres and lifespan.
Aging Cell. 2011;10(6):913-21.

Chan SRWL, Blackburn EH. Telomeres and telomerase. Philos Trans R Soc
London Ser B Biol Sci. 2004;359(1441):109-22.

Masutomi K, Hahn WC. Telomerase and tumorigenesis. Cancer letters.
2003;194(2):163-72. https://doi.org/10.1016/50304-3835(02)00703-6.
Jager K, Walter M. Therapeutic targeting of telomerase. Genes. 2016;7(7):39.
https://doi.org/10.3390/genes7070039.

Lv H,Wu H, Yin J, Qian J, Ge J. Parity and cardiovascular disease mortality:
a dose-response meta-analysis of cohort studies. Sci Rep. 2015;5(1):1-9.
Atsma F, Bartelink MLEL, Grobbee DE, Rutten A, Bots ML, Prokop M, et al.
Reproductive factors, metabolic factors, and coronary artery calcification
in older women. Menopause. 2008;15(5):899-904.

Naver KV, Lundbye-Christensen S, Gorst-Rasmussen A, Nilas L, Secher
NJ, Rasmussen S, et al. Parity and risk of diabetes in a Danish nationwide
birth cohort. Diabet Med. 2011;28(1):43-7.

Mueller NT, Mueller NJ, Odegaard AO, Gross MD, Koh WP, Yuan JM, et al.
Higher parity is associated with an increased risk of type-Il diabetes in

C hinese women: the Singapore Chinese Health Study. BJOG An Int J
Obstet Gynaecol. 2013;120(12):1483-9.

Cohen A, Pieper CF, Brown AJ, Bastian LA. Number of children and risk of
metabolic syndrome in women. J women'’s Heal. 2006;15(6):763-73.
Nelson HD, Zakher B, Cantor A, Fu R, Griffin J, O'Meara ES, et al. Risk factors
for breast cancer for women aged 40 to 49 years: a systematic review and
meta-analysis. Ann Intern Med. 2012;156(9):635-48.

Sung HK, Ma SH, Choi JY, Hwang Y, Ahn C, Kim BG, et al. The effect

of breastfeeding duration and parity on the risk of epithelial ovarian
cancer: a systematic review and meta-analysis. J Prev Med public Heal.
2016;49(6):349.

Wu QJ, LiYY, Tu C, Zhu J, Qian KQ, Feng TB, et al. Parity and endome-

trial cancer risk: a meta-analysis of epidemiological studies. Sci Rep.
2015,5(1):1-17.

Hurt LS, Ronsmans C, Thomas SL. The effect of number of births on
women'’s mortality: systematic review of the evidence for women who
have completed their childbearing. Popul Stud (NY). 2006;60(1):55-71.
Gagnon A. Natural fertility and longevity. Fertil Steril.
2015;103(5):1109-16.

Kaptijn R, Thomese F, Liefbroer AC, Van Poppel F, Van Bodegom D,
Westendorp RGJ. The trade-off between female fertility and longevity
during the epidemiological transition in the Netherlands. PLoS One.
2015;10(12):e0144353.

Dior UP, Hochner H, Friedlander Y, Calderon-Margalit R, Jaffe D, Burger A,
et al. Association between number of children and mortality of mothers:
results of a 37-year follow-up study. Ann Epidemiol. 2013;23(1):13-8.
Gielen M, Hageman GJ, Antoniou EE, Nordfjall K, Mangino M, Balasu-
bramanyam M, et al. Body mass index is negatively associated with
telomere length: a collaborative cross-sectional meta-analysis of 87
observational studies. Am J Clin Nutr. 2018;108(3):453-75.

Hognas R, Roelfs D, Shor E, Moore C, Reece T. J-Curve? A Meta-Analysis
and Meta-Regression of Parity and Parental Mortality. Popul Res Policy
Rev. 2017;36(2):273-308.

Zeng Y, Ni Z min, Liu S yun, Gu X, Huang Q, Liu J an, et al. Parity and all-
cause mortality in women and men: A dose-response meta-analysis of
cohort studies. Sci Rep. 2016;6(1):1-11.

Orr J, Kenny RA, McGarrigle CA. Higher parity is associated with lower
mortality in a European population of women with high fertility: results
from Ireland. Journals Gerontol Ser A. 2021;76(9):1571-8.

Sudyka J. Does reproduction shorten telomeres? Towards integrating
individual quality with life-history strategies in telomere biology. BioEs-
says. 2019;41(11):21900095.

Barha CK, Hanna CW, Salvante KG, Wilson SL, Robinson WP, Altman RM,
et al. Number of children and telomere length in women: a prospective,
longitudinal evaluation. PLoS One. 2016;11(1):e0146424.

Kresovich JK, Parks CG, Sandler DP, Taylor JA. Reproductive history and
blood cell telomere length. Aging (Albany NY). 2018;10(9):2383-93.
Lane-Cordova AD, Puterman E, Gunderson EP. Chan C, Hou L, Carnethon
M. Gravidity is not associated with telomere length in a biracial cohort of
middle-aged women: The Coronary Artery Risk Development in Young
Adults (CARDIA) study. PLoS One. 2017;12(10):e0186495.


https://doi.org/10.1002/smi.2607
https://doi.org/10.1002/smi.2607
https://doi.org/10.1016/j.ebiom.2020.103164
https://doi.org/10.1097/NNR.0000000000000037
http://ezproxy.haifa.ac.il/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=cin20&AN=114395149&site=ehost-live&scope=site
http://ezproxy.haifa.ac.il/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=cin20&AN=114395149&site=ehost-live&scope=site
http://ezproxy.haifa.ac.il/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=cin20&AN=114395149&site=ehost-live&scope=site
http://ezproxy.haifa.ac.il/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=2011-04333-007&site=ehost-live&scope=site
http://ezproxy.haifa.ac.il/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=2011-04333-007&site=ehost-live&scope=site
http://ezproxy.haifa.ac.il/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=2011-04333-007&site=ehost-live&scope=site
https://doi.org/10.1016/S0304-3835(02)00703-6
https://doi.org/10.3390/genes7070039

Houminer-Klepar et al. BMC Pregnancy and Childbirth

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

77.

78.

(2023) 23:733

Pollack AZ, Rivers K, Ahrens KA. Parity associated with telomere length
among US reproductive age women. Hum Reprod. 2018;33(4):736-44.
Available from: http://ezproxy.haifa.ac.il/login?url=https://search.ebsco
host.com/login.aspx?direct=true&db=cin20&AN=128670579&site=
ehost-live&scope=site.

Ryan CP, Hayes MG, Lee NR, McDade TW, Jones MJ, Kobor MS, et al.
Reproduction predicts shorter telomeres and epigenetic age acceleration
among young adult women. Sci Rep. 2018;8(1):11100.

Michaeli J, Smoom R, Serruya N, El Ayoubi H, Rotshenker-Olshinka K,
Srebnik N, et al. Leukocyte Telomere Length Correlates with Extended
Female Fertility. Cells. 2022;11(3):513.

Erdmann NJ, Harrington LA, Martin LJ. Mammographic density, blood
telomere length and lipid peroxidation. Sci Rep. 2017;7(1):5803.
Flannagan KS, Jansen EC, Rozek LS, Rentschler KM, Roman AV, Ramirez-
Zea M, et al. Sociodemographic correlates and family aggregation of
leukocyte telomere length in adults and children from Mesoamerica. Am
J Hum Biol Off J Hum Biol Counc. 2017;29(3):e22942.

Latour CD, O'Connell K, Romano ME, Kantor ED, Du M, Du M. Maternal
age at last birth and leukocyte telomere length in a nationally repre-
sentative population of perimenopausal and postmenopausal women.
Menopause (10723714). 2020;27(11):1242-50. Available from: http://
ezproxy.haifa.ac.il/login?url=https://search.ebscohost.com/login.aspx?
direct=true&db=cin20&AN=147310569&site=ehost-live&scope=site.
Parks CG, DeRoo LA, Miller DB, McCanlies EC, Cawthon RM, Sandler

DP. Employment and work schedule are related to telomere length in
women. Occup Environ Med. 2011;68(8):582-9. Available from: http://
ezproxy.haifa.ac.il/login?url=https://search.ebscohost.com/login.aspx?
direct=true&db=cin20&AN=104654307&site=ehost-live&scope=site.
Mitchell AM, Kowalsky JM, Epel ES, Lin J, Christian LM. Childhood
adversity, social support, and telomere length among perinatal women.
Psychoneuroendocrinology. 2018;87:43-52.

Saberi S, Kalloger SE, Zhu MMT, Sattha B, Maan EJ, van Schalkwyk J, et al.
Dynamics of leukocyte telomere length in pregnant women living with
HIV, and HIV-negative pregnant women: a longitudinal observational
study. PLoS One. 2019;14(3):e0212273.

Panelli DM, Leonard SA, Wong RJ, Becker M, Mayo JA, Wu E, et al. Leuko-
cyte telomere dynamics across gestation in uncomplicated pregnancies
and associations with stress. BMC Pregnancy Childbirth. 2022,22(1):1-12.
Wells GA, Shea B, O'Connell D, Peterson J, Welch V, Losos M, Tugwell P. The
Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonran-
domised Studies in Meta-analyses. Ottawa Hospital Research Institute;
2011. http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.
Accessed 10 Jan 2023.

Fagan E, Sun F, Bae H, Elo |, Andersen SL, Lee J, et al. Telomere

length is longer in women with late maternal age. Menopause.
2017,24(5):497-501.

Whiteman VE, Goswami A, Salihu HM. Telomere length and fetal pro-
gramming: A review of recent scientific advances. Am J Reprod Immunol.
2017,77(5):12661.

Lang J, McKie J, Smith H, McLaughlin A, Gillberg C, Shiels PG, et al.
Adverse childhood experiences, epigenetics and telomere length varia-
tion in childhood and beyond: a systematic review of the literature. Eur
Child Adolesc Psychiatry. 2020,29(10):1329-38.

Mathur MB, Epel E, Kind S, Desai M, Parks CG, Sandler DP, et al. Perceived
stress and telomere length: a systematic review, meta-analysis, and meth-
odologic considerations for advancing the field. Brain Behav Immun.
2016;54:158-69.

Rentscher KE, Carroll JE, Mitchell C. Psychosocial stressors and tel-
omere length: a current review of the science. Annu Rev Public Health.
2020;41:223-45.

Frenck RW, Blackburn EH, Shannon KM. The rate of telomere sequence
loss in human leukocytes varies with age. Proc Natl Acad Sci.
1998;95(10):5607-10.

Cowell W, Tang D, Yu J, Guo J, Wang S, Baccarelli AA, et al. Telomere
dynamics across the early life course: findings from a longitudinal study
in children. Psychoneuroendocrinology. 2021;129:105270.

Benetos A, Kark JD, Susser E, Kimura M, Sinnreich R, Chen W, et al. Track-
ing and fixed ranking of leukocyte telomere length across the adult life
course. Aging Cell. 2013;12(4):615-21.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Page 17 of 17

Adams JM, White M. Biological ageing: a fundamental, biological

link between socio-economic status and health? Eur J Public Health.
2004;14(3):331-4.

Kington R, Lillard L, Rogowski J. Reproductive history, socioeconomic
status, and self-reported health status of women aged 50 years or older.
Am J Public Health. 1997,87(1):33-7.

Thoits PA. Stress and health: Major findings and policy implications. J
Health Soc Behav. 2010;51(1_suppl):S41-53.

Alter G, Dribe M, Van Poppel F. Widowhood, family size, and post-
reproductive mortality: a comparative analysis of three populations in
nineteenth-century Europe. Demography. 2007;44(4):785-806.
Holt-Lunstad J, Smith TB, Layton JB. Social relationships and mortality risk:
a meta-analytic review. PLoS Med. 2010;7(7):21000316.

Barger SD, Cribbet MR. Social support sources matter: Increased cel-

lular aging among adults with unsupportive spouses. Biol Psychol.
2016;115:43-9.

Uchino BN, Cawthon RM, Smith TW, Light KC, McKenzie J, Carlisle M,

et al. Social relationships and health: Is feeling positive, negative, or both
(ambivalent) about your social ties related to telomeres? Heal Psychol.
2012;31(6):789.

Hetherington E, McDonald S, Williamson T, Patten SB, Tough SC. Social
support and maternal mental health at 4 months and 1 year postpartum:
analysis from the All Our Families cohort. J Epidemiol Community Heal.
2018;72(10):933-9.

Kyo S, Takakura M, Kanaya T, Zhuo W, Fujimoto K, Nishio Y, et al. Estrogen
activates telomerase. Cancer Res. 1999;59(23):5917-21.

Lindrose AR, McLester-Davis LW, Tristano RI, Kataria L, Gadalla SM, Eisen-
berg DT, Verhulst S, Drury S. Method comparison studies of telomere
length measurement using qPCR approaches: a critical appraisal of the
literature. PLoS One. 2021;16(1):20245582. https://doi.org/10.1371/journ
al.pone.0245582.

Aubert G, Hills M, Lansdorp PM. Telomere length measurement—Caveats
and a critical assessment of the available technologies and tools. Mutat
Res Fundam Mol Mech Mutagen. 2012;730(1-2):59-67. https://doi.org/10.
1016/j.mrfmmm.2011.04.003.

Telomere Research Network. (n.d.). TRN Recommendations for the meas-
urement of telomere length in population studies.https://trn.tulane.edu/
wp-content/uploads/sites/445/2021/12/Recommendation-1-FINAL.pdf.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://ezproxy.haifa.ac.il/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=cin20&AN=128670579&site=ehost-live&scope=site
http://ezproxy.haifa.ac.il/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=cin20&AN=128670579&site=ehost-live&scope=site
http://ezproxy.haifa.ac.il/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=cin20&AN=128670579&site=ehost-live&scope=site
http://ezproxy.haifa.ac.il/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=cin20&AN=147310569&site=ehost-live&scope=site
http://ezproxy.haifa.ac.il/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=cin20&AN=147310569&site=ehost-live&scope=site
http://ezproxy.haifa.ac.il/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=cin20&AN=147310569&site=ehost-live&scope=site
http://ezproxy.haifa.ac.il/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=cin20&AN=104654307&site=ehost-live&scope=site
http://ezproxy.haifa.ac.il/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=cin20&AN=104654307&site=ehost-live&scope=site
http://ezproxy.haifa.ac.il/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=cin20&AN=104654307&site=ehost-live&scope=site
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1371/journal.pone.0245582
https://doi.org/10.1371/journal.pone.0245582
https://doi.org/10.1016/j.mrfmmm.2011.04.003
https://doi.org/10.1016/j.mrfmmm.2011.04.003
https://trn.tulane.edu/wp-content/uploads/sites/445/2021/12/Recommendation-1-FINAL.pdf
https://trn.tulane.edu/wp-content/uploads/sites/445/2021/12/Recommendation-1-FINAL.pdf

	Are pregnancy and parity associated with telomere length? A systematic review
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Results
	Negative correlation
	Positive correlation
	Non-correlation
	Longitudinal correlation
	Mini meta-analysis results

	Discussion
	Conclusions
	Anchor 17
	Acknowledgements
	References


