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Abstract

Introduction Telomeres protect the ends of chromosomes, and shorter leukocyte telomeres are associated

with major group diseases. Maternal psychological stress may be related to the shortening of telomeres in infants.
This systematic review and meta-analysis set out to consolidate the varying effect sizes found in studies of maternal
psychological stress and telomere length (TL) in newborns and identify moderators of the relationship between stress
during pregnancy and newborn TL.

Methods Our systematic review was registered in Prospero. Six databases (PubMed, Scopus, Embase, PsycINFO,
Web of Science, and CINAHL Complete) were searched for records in English from inception to February 10, 2023.
Observational studies were included that measured the relationship of psychological stress of the mother dur-
ing pregnancy on the TL of the newborn. The Newcastle-Ottawa quality assessment scale was used to assess

the quality of the included studies. A random-effect model was selected. Statistical analysis performed by Stata
software version 17.

Results Eight studies were included for qualitative and four for quantitative analysis. There was an inverse statistically
significant relationship between maternal stress and newborn TL; A one score increase in maternal psychological
stress resulted in a 0.04 decrease in the TL of the newborn (B=-0.04, 95% Cl=[-0.08, 0.00], p=0.05). Selectivity analy-

sis showed that the pooled effect size was sensitive to one study; After removing this study, the pooled effect size
remained significant (B=-0.06, 95% CI=[-0. 10, -0.02], p < 0.001).

Conclusion Physiological and environmental factors can significantly affect the TL of newborns. Our results support
a significant impact of maternal psychological stress on the TL of a newborn. This association demonstrates the sig-
nificance of stress in influencing the telomere length, which can be a contributing factor in the infant’s future. There-
fore, recognizing this association is crucial for understanding and addressing potential health risks and necessitates
the need for additional future studies to validate our findings.
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Introduction

Telomeres are DNA-protein structures at the end of
chromosomes that protect the terminal regions from
degradation and intrachromosomal fusion [1]. The end
replication problem results from DNA polymerase’s ina-
bility to completely replicate the ends, which causes tel-
omeres to shorten with each replication cycle in somatic
cells [2]. Telomere length (TL) shortening is not only a
biomarker but also appears to be a causal factor in vari-
ous physical and mental illnesses and mortality [3].
Shorter TL has been linked to major group diseases such
as chronic obstructive pulmonary disease (COPD) and
idiopathic pulmonary fibrosis [4], infections [5], autoim-
mune diseases [6], some types of cancer [7], diabetes and
metabolic syndrome [8], cardiovascular diseases [9] and
psychological disorders [10].

It is hypothesised that TL at birth can significantly
predict TL later in life [11]. Like many other situations,
genetics and environmental variables affect infants’ TL;
hereditability accounts for 70% of the variances in TL
[12]. Environmental factors can also affect TL. Telomeres
are highly vulnerable to impairment through alkylation,
ultraviolet irradiation, and oxidative stress [13]. Numer-
ous aspects of a person’s lifestyle, including physical
activity, smoking, and sleep, are associated with TL. One
of the most critical health issues is psychological stress
[14].

Stress is a process resulting in both psychological
demands and biological changes that could put a burden
on someone. Chronic psychological stress at high levels
has been linked to a variety of diseases and unhealthy
situations, including tumor growth [15], metabolic syn-
drome [16], cardiovascular diseases [17], and many oth-
ers. Stress and illness have a complicated relationship.
Individuals differ in their susceptibility to stress. A stress-
ful incident that causes disease in one person might not
in another. To manifest as a disease, events must interact
with various underlying causes [18].

Stress has a known effect on the biology of telomeres.
Research has demonstrated that cumulative exposure
to oxidative stress speeds up telomere erosion [13].
Furthermore, an inverse correlation between TL and
an inflammatory stress response has been observed
[19]. Adversity-induced stress may be responsible for
accelerated early-onset telomere shortening. Psycho-
logical stress is one predictor of lifelong TL [20]. The
first observations showed that women with the high-
est levels of perceived stress have shorter telomeres
than women with less stress. This shortness is equiva-
lent to a decade of old age [21]. First-ever research by
Entringer et al. suggests that maternal psychologi-
cal stress during pregnancy may be linked to reduced
TL in neonates at birth [22]. Maternal stress induces
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the release of hormones, such as cortisol and placen-
tal corticotropin-releasing hormone (CRH), as well as
mediators of inflammatory and oxidative stress. These
hormones and mediators enter the fetal circulation and
cause changes in the placental metabolism [23]. Other
research was conducted in various populations using
comparatively similar methods. Some results calculated
different effects, such as a study that did not repeat this
inverse effect [24]. The studies’ inconsistent findings led
us to identify the need for a comprehensive synthesis
of the literature. In this study, we focused on maternal
psychological stress during pregnancy and its relation
to newborn TL.

This article aims to systematically review and syn-
thesize the evidence from the most recent literature
(indexed up to February 10, 2023) and conduct a meta-
analysis. To advance clinical practice and the design of
subsequent investigations, we aimed to determine the
impact of self-reported maternal stress on newborns’
TL. There are reviews that measure the effect of adverse
childhood experiences on TL, finding a negative associa-
tion between them [25]. In a systematic review and meta-
analysis, childhood trauma was significantly associated
with shorter TL [26]. The relationship between shorter
TL and several types of stress, such as chronic social
stress, post-traumatic stress disorder, and preterm infant
stress have been investigated in other reviews [26—28].
To our knowledge, no published review compiles the
research results in which self-reported maternal stress
and newborn TL were examined.

Methods

This systematic review and meta-analysis followed the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines 2020 [29]. The reg-
istration number in PROSPERO is CRD4202128517.

Search strategy

Six electric databases (PubMed, Scopus, Embase, Psy-
cINFO, Web of Science and CINAHL Complete) were
searched for records in English from inception to Feb-
ruary 10, 2023. Searches were performed using com-
binations of the following keywords: “telomere” OR
“telomere shortening” AND “infant” OR “newborn”
OR “child” AND “mother” OR “maternal” AND “stress”
OR “depress*” OR “mental” Search didn’t Search the
above words and any synonyms included in the strategy;
Detailed search strategies for each database are acces-
sible (see Supplementary Material 1). The references of
included studies were also screened to identify poten-
tially eligible articles.
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Eligibility criteria

We included observational studies that examined the
effect of maternal psychological stress during preg-
nancy on the TL of the newborn at the time of delivery.
We excluded studies for the following: (1) Studies that
assessed stress before pregnancy, which could include
psychological trauma from childhood or any time
before pregnancy; (2) Studies that measured the TL of
a newborn at a time other than at birth; (3) insufficient
data to calculate the effect of maternal stress on the TL
of the newborn; (4) duplicate studies or overlapping
participants; (5) reviews, editorials, conference papers,
case series/reports, secondary analysis or animal exper-
iments; (6) qualitative designs.

Study selection

Two authors (RM and AT) independently screened the
titles and the abstracts of the potentially eligible stud-
ies using EndNote. Of potentially eligible studies, sepa-
rate authors independently evaluated the full text. Any
conflicts related to the study design or methods and the
final decision to include studies among review authors
were resolved in a consensus meeting. Throughout the
review process, a psychiatrist (LR) provided additional
support if there were questions.

Data extraction

Two authors (RM and AT) independently extracted the
information from included articles. Any disagreements
were resolved by further discussion. The following gen-
eral characteristics were collected: authors and year of
publication, country, study type, sample size, ethnicity,
male and female ratio, psychological assessment tools,
source of newborn’s telomere, TL assessment tool, and
main findings of the included study (Table 1).

Quality assessment

We used the Newcastle-Ottawa Quality Assessment
Scale to evaluate the risk of bias in the included cohort
and cross-sectional studies. Cohort studies were classi-
fied as having a low (>7 stars), moderate (5—6 stars), or
high risk of bias (<4 stars), with an overall quality score
of 9 stars and cross-sectional studies were classified as
having a low (>7 stars), moderate (56 stars), or high
risk of bias (<4 stars).

Two investigators (RM and AT) conducted qual-
ity assessment independently, and discrepancies were
solved through discussion and consensus, including a
third investigator (HM), if needed.
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Quantitative analysis

To obtain the final effect size, unstandardized beta and
standard error (SE) statistics were used. For removing
the effect of the mother’s stress measurement tool and
the newborn’s TL measurement tool, transformations
were used. Also, For Enlow et al. [34] data was reported
separately based on gender of infants, which we ana-
lyzed as two separate populations. A random effects
model (maximum-likelihood and restricted maxi-
mum-likelihood model) was used to pool the extracted
regression coefficients. Heterogeneity between the
studies was evaluated by using the chi-square test and I
square statistic. Publication bias was assessed by using
Begg and Egger tests. A subgroup analysis was per-
formed to estimate the pooled effect of telomere and
psychological assessment tools. A sensitivity analysis
was also carried out to test the robustness of the pooled
effect size. All analyses were performed in Stata soft-
ware (version 17, Stata Corporation, College Station,
Texas, USA). P-values less than 0.05 were considered
statistically significant.

Results

Selection of studies

Figure 1 depicts the PRISMA flow diagram. The search
criteria initially yielded 1354 articles. We manu-
ally added five articles by reviewing reference lists of
retrieved articles and seven articles by searching grey
literature using Google Scholar. EndNote removed 680
duplicates, and 653 articles were excluded after screen-
ing the title and abstract. Thirty-three articles were
potentially relevant to our systematic review based on
the eligibility criteria. After full text evaluation, 25 arti-
cles were excluded, leaving eight remaining articles.
Of those, we systematically reviewed eight studies and
conducted a meta-analysis with four studies that con-
tained the necessary quantitative data with which to
run a meta-analysis.

Study characteristics

The main features of the included studies are summa-
rised in Table 1. The eight articles involved 2,955 par-
ticipants with sample sizes varying from 24 to 1,377. All
studies were performed in the last ten years. The four
studies included for quantitative analysis contained
853 participants. Most studies (7 out of 8) were cohort,
and only one was a cross sectional study. All studies
were conducted in high-income countries. The three
studies performed in Europe included White women
only. However, the five other studies from the United
States had samples that consisted of diverse ethnicities
(White, Black, Hispanic, Asian and others).
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Fig. 1 The Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow diagram of search results

All questionnaires used to measure mothers’ stress
during pregnancy were validated instruments. Etringer
et al. [22] used the 4-item pregnancy-specific stress
scale and Marchetto et al. used the Holmes and Rahe
Stress Scale questionnaire. The remaining authors all
used the Perceived Stress Scale (PSS) questionnaire. All
studies used the infant’s Umbilical cord blood (UCB)
cells for measurement. Two methods were used to
measure neonatal TL: Telomere Restriction Fragment
in one study and quantitative polymerase chain reaction
(qPCR) in seven studies. Five studies reported a clear
negative association between maternal psychological

stress during pregnancy and newborn TL [22, 30, 33].
Two studies did not find a significant relationship [32].
In the study by Enlow et al., maternal stress was corre-
lated with longer TL among male newborns [34].

Risk of bias within studies

We evaluated the quality of all eight included studies
according to the Newcastle-Ottawa Quality Assess-
ment Scale and all were of good quality. They had a low
risk of bias (> 7 stars), as shown in Table 2.

Table 2 Risk of bias and quality of included studies assessed by Newcastle-Ottawa Quality Assessment Scale (NOS)

The first author Selection Comparability Outcome Quality score Risk of bias Quality
Entringer et al, 2013 [22] 4 3 3 9 Low Good
Marchetto et al.,, 2016 [30] 4 3 3 9 Low Good
Salihu et al, 2016 [231° 4 1 3 8 Low Good
Send etal, 2017 [31] 4 3 3 9 Low Good
Ammala et al,, 2020 [24] 4 3 3 9 Low Good
Izano et al,, 2020 [32] 4 3 3 9 Low Good
Verner et al,, 2021 [33] 3 2 3 8 Low Good
Enlow et al,, 2021 [34] 4 3 3 9 Low Good

2 cross-sectional study
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Synthesis of results
Overall results

The adjusted correlation was available for four studies statistically significant
and a total 853 subjects. Based on the estimated pooled
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effect size (maximum-likelihood model), maternal-
perceived stress and TL of newborn showed an inverse

relationship (B=-0.04, 95%
CI=[-0.8, 0.00], p=0.05). That is, a one score increase in

Effect size Weight
Study with 95% ClI (%)
Varner, et al. 2020 = -0.16 [-0.31, -0.01] 6.54
Entringer, et al. 2013 i -0.10[-0.20, -0.00] 12.70
Enlow, et al. 2021 (male) T 0.02[-0.04, 0.08] 24.50
Enlow, et al. 2021 (female) —lilk -0.02[-0.06, 0.02] 31.76
Marchetto, et al. 2016 —— -0.07 [-0.13, -0.01] 24.50
Overall . -0.04 [ -0.08, -0.00]
Heterogeneity: 7° = 0.00, I’ = 41.13%, H> = 1.70
Test of 6, = 6;: Q(4) =9.25, p = 0.06
Testof 8=0:z=-1.99, p =0.05
-3 -2 -1 0
Random-effects ML model
Fig. 2 Forest plot of the overall result
Funnel plot
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Fig. 3 Funnel plot of the overall result
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the maternal psychological stress would result in about a
0.04 decrease in the TL of newborn. Moderate heteroge-
neity was found across the studies (I>=41.13%) (Fig. 2).
A Funnel Plot (Fig. 3), along with Begg’s (P=0.130) and
Egger’s (P=0.055) tests revealed no significant publica-
tion bias. Also, restricted maximum-likelihood model
showed iverse but borderline effect (B=-0.05, 95%
CI=[-0. 10, 0.00], p=0.07) Supplementary Material 2,
Figure S1.

Subgroup analysis

Subgroup analyses were mainly processed based on the
psychological assessment tool of the mother and the TL
measurement tool. Analysis showed high heterogeneity
and an inverse but not significant correlation between
studies that used the PSS-4 (unstandardised beta=-0.01,
95% CI=-0.05 to 0.02, p=0.43, *=0.01%) and the qPCR
(unstandardised beta=-0.03, 95% CI=-0.08 to 0.01,
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p=0.18, ?’=33.43%) for assessing psychological stress of
mothers (Figs. 4 and 5).

Sensitivity analysis

We performed a sensitivity analysis to measure the indi-
vidual impact of each study on the effect size as the main
result of our mathematical model by removing one study
at a time. According to our results, the study by Enlow
et al. (male newborns) (2016) (Supplementary Material
2, Figure S2) deviated from the data of the other studies.
After removing the male newborn data, the relation was
significant (unstandardised beta=-0.06, 95% CI=-0.10
to -0.02, p<0.001). Also, heterogeneity changed to low
(I’=17.76%) (Fig. 6). Also, for restricted maximum-—like-
lihood model the same study removed and the effect
change to significant (unstandardised beta=-0.06, 95%

Effect size Weight
Study with 95% ClI (%)
Varner, et al. 2020 = -0.16 [-0.31, -0.01] 545
Enlow, et al. 2021 (male) —— 0.02[-0.04, 0.08] 34.04
Enlow, et al. 2021 (female) t -0.02[-0.06, 0.02] 60.51
Overall -0.01[-0.05, 0.02]
Heterogeneity: 7 = 0.00, I’ = 0.01%, H> = 1.00
Test of 6, = 8;: Q(2) = 4.94, p = 0.08
Testof 6=0:z=-0.78,p=0.43
T T T T 1
-3 -2 -1 0 1

Random-effects ML model

Fig. 4 Meta-analysis of the effect of maternal psychological stress during pregnancy on newborn TL for studies used Perceived Stress Scale 4

(PSS-4) as tools for assessing psychological stress of mother

Effect size Weight
Study with 95% ClI (%)
Varner, et al. 2020 = -0.16[-0.31, -0.01] 8.14
Entringer, et al. 2013 —— -0.10[-0.20, -0.00] 16.14
Enlow, et al. 2021 (male) +—l— 0.02[-0.04, 0.08] 32.47
Enlow, et al. 2021 (female) -0.02[-0.06, 0.02] 43.24

Overall

Heterogeneity: T° = 0.00, I = 33.43%, H* = 1.50
Test of 6 = 8;: Q(3) = 7.47, p = 0.06

Testof 6=0:2z=-1.35,p=0.18

-0.03[-0.08, 0.01]

Random-effects ML model

Fig.5 Meta-analysis of the effect of maternal psychological stress during pregnancy on newborn TL for studies used quantitative polymerase chain
reaction (qPCR) for measuring TL of cord blood cells of the newborn at delivery time
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Effect size Weight
Study with 95% ClI (%)
Varner, et al. 2020 = -0.16[-0.31, -0.01] 6.46
Entringer, et al. 2013 L -0.10[ -0.20, -0.00] 13.69
Enlow, et al. 2021 (female) —Jl—-0.02[-0.06, 0.02] 47.82
Marchetto, et al. 2016 —l—— -0.07[-0.13, -0.01] 32.04
Overall - -0.06 [ -0.10, -0.02]
Heterogeneity: = 0.00, I° = 17.76%, H? =122
Test of 6, =6;: Q(3) = 5.16, p=0.16
Testof 6=0:z=-2.81, p=0.00
-3 -2 -1 0

Random-effects ML model

Fig. 6 Meta-analysis of all included studies after removing one study (Sensitivity analysis)

CI=-0.11 to -0.02, p=0.01, and, heterogeneity changed to
low (12=38.85%) (Supplementary Material 2, Figure S3).

Discussion

We reviewed the relationship between maternal-per-
ceived stress during pregnancy and the TL of newborns
and identified eight studies that fulfilled the inclusion
criteria.

The results of four included studies in the meta-analysis
revealed that while newborn TL would reduce by around
0.04 for every point of increase of maternally perceived
stress, this relation was statistically significant. Once the
male newborn data was removed, the level of heteroge-
neity decreased from 41.13% to 17.76%, while the asso-
ciation remained statistically significant (unstandardised
beta=-0.06, p<0.001). Therefore, investigating how gen-
der affects this relationship is necessary. For this reason,
we evaluated data from Enlow er al. based on gender of
infants, which we analyzed as two separate populations.

We conducted a thorough review of eight included
studies. It should be mentioned that there were some
discrepancies in the findings of the included stud-
ies regarding this potential association. In five stud-
ies an inverse association between maternal-perceived
stress and newborn TLwas reported [22, 23, 30, 31,
33]. Entringer et al. published the first preliminary
data in humans demonstrating a link between prenatal
stress exposure and shorter TL in 27 young adults. An
inverse significantrelationship was reported (8=-0.099;
P=0.04) [35]. In a cross-sectional study, Salihu et al.
examined 71 women of low-socioeconomic status, indi-
cating that this population has a higher risk of stress.
They discovered an inverse significantrelationship
(P<0.05 in 5000 of the 5000 repetitions using repeated
ANOVA) [36]. The design of the study prohibited

claims about causality, so more longitudinal studies
are needed. Verner’s comparably large cohort with 656
participants replicate previous reports linking maternal
stress during pregnancy with offspring TL with a bor-
derline significant relationship (8=-0.079, p=0.044).
In Verner’s study, women had at least one risk factor
for preeclampsia [31]. Early hypoperfusion or placen-
tal ischemia—reperfusion injury in preeclampsia leads
to increased oxidative stress. According to Send et al.,
maternal perceived stress during pregnancy was signifi-
cantly associated with shorter telomeres in newborns
(f=-0.14; P=0.015) [13]. Marchetto et al. conducted
a prospective cohort study of 24 mothers and found
a significant negative association between maternal
stress and newborn TL (5=-0.463, P=0.04) [13].

In the study conducted by Izano et al., maternal-per-
ceived stress had a marginal association with shorter
newborn TL; however, after adjusting for multiple
comparisons, the relationship remained insignificant
(f=-0.07; P=0.29). In addition to using a linear regres-
sion model, this study applied Targeted Minimum
Loss-Based Estimation (TMLE) to evaluate the relation-
ship between TL and maternal exposure to stress [32].
Ammiili et al., with a sample of 1405 infants, could not
confirm a correlation between maternal stress and leu-
kocyte TL in newborns. Some possible causes were dif-
ferences in the TL analysis methods between studies,
variations in the statistical models, different cell popu-
lations in umbilical blood samples, and differences in
measures of maternal well-being and the timing of meas-
urements [24]. On the other hand, Enlow et al. reported
an association in the opposite direction. They showed
maternal stress correlated with longer TL among male
newborns (5=0.011) [34]. It was the only study exploring
potential sex effects on these associations.
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In six studies, the PSS-4 was used to assess stress lev-
els. PSS-4 is one of the most common tools for evaluat-
ing psychological stress. It is a valuable tool for assessing
stress during pregnancy and can help clinicians obtain
an accurate evaluation of the degree of maternal stress
for optimising health care among pregnant women
[37]. Seven studies used qPCR to determine TL. Only
one study used the Telomere Restriction Fragment tool.
All these measures are validated in measuring self-
reported maternal stress during pregnancy. Some stud-
ies investigated the effects of gender on TL, and some
further evaluated the role of gender in the association
between maternal stress and TL. Izano et al. observed
that a high level of maternal perceived stress was cor-
related with shorter TL among girls but longer among
boys [32]. They stated that the difference in the associa-
tion between maternal stress and TL among males and
females might suggest the different influences of financial
strain, unplanned pregnancy, and perceived stress; high
levels of perceived stress and unplanned pregnancy were
associated with shorter TL among females but longer
among males. Food insecurity was strongly associated
with male newborns and not female ones [32]. Verner
et al. reported that the female sex was a significant pre-
dictor of TL at birth, as TL was shown to be longer in
girls [33]. Ammali et al. found no significant difference in
the association between maternal stress and TL between
the sexes [24]. Entringer et al. observed no significant dif-
ference between males and females regarding TL [22].
Enlow et al. found no sex differences in TL; however, they
reported that increased maternal stress predicted longer
newborn TL among male newborns [34]. Sex differences
in TL are controversial, but it is widely accepted that
women have longer telomeres than men [38]. However,
as the difference is barely seen in newborns, the effects of
sex may be primarily related to different rates of telomere
attrition after birth which mainly depends on estrogen.
Estrogen can increase telomerase activity and, on the
other hand, decrease oxidative stress [39]. Collectively,
the present studies provide evidence that this relation-
ship should be investigated.

The effect of preeclampsia on newborn TL was inves-
tigated in some included studies. Verner et al. reported
no significant effect [33], while Enlow et al. reported that
preeclampsia in a prior pregnancy was negatively associ-
ated with newborn telomere [34]. It has been proposed
that in pregnancies complicated with preeclampsia, the
length of the telomeres is significantly shorter [40]. A
previous study showed shorter telomeres in trophoblast
in preeclampsia with decreased expression of the human
telomerase reverse transcriptase (hTERT) component
of the human telomerase enzyme [41]. Another study
reported a significant decrease in levels of protective
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proteins such as Sirtuninl (SIRT1) in placentas from
preeclampsia resulting in shorter telomeres [42].

Participants in three studies were completely white,
making them non-representative samples.. In the US
studies, however, samples consisted of diverse races/eth-
nicities. Enlow et al. and Izano et al. showed that new-
borns’ race/ethnicity was not associated with TL [34].
However, the association between maternal stressors and
TL in newborns varies by race/ethnicity; perceived stress
is accompanied by shorter newborn TL among White
women [32]. The impact of the maternal psychosocial
condition on newborn TL is associated with sociodemo-
graphic characteristics. Different mechanisms have been
suggested for this variety. Pregnant women of a racial
minority are at higher risk for nutritional deficiencies,
which may be associated with reduced newborn TL [34].
Race differences in newborn TL may also vary by receipt
of public assistance. Infants born to black mothers have
longer telomeres than those born to white mothers.This
is contrary to the assumption that a mother’s social dis-
advantage is associated with shorter TL in offspring [43].

While the current meta-analysis is a first, the find-
ings should be considered along with its limitations. We
included only four studies in our meta-analysis; the num-
ber of studies conducted on this topic is limited. Given
the limitations we had such as restricted number of
studies and the presence of moderate heterogeneity, we
determined that the maximum likelihood model was the
most suitable one to utilize. Differences in LTL analysis
methods, stress measurement tools, statistical models,
and study populations across studies posed challenges in
combining data and led to some limitations in the gen-
eralizability of the findings.As these kinds of research
require advanced tools and precise follow-up, the exist-
ing studies have been performed in a few high-income
countries. In all included studies, the measure for stress
was a self-reported questionnaire. No biological marker,
such as maternal or cord blood oxidative stress marker,
was examined. Furthermore, there was a wide range in
the number of subjects included in the studies. We could
not access the full text of one study despite contacting the
corresponding author three times and other authors one
time. Our study exclusively focused on English-written
articles. Consequently, we recommend that future stud-
ies consider incorporating articles published in other lan-
guages to enhance the representation of research within
the field.

In summary, we identified and systematically reviewed
8 studies that investigated the relationship between
maternal-perceived stress and newborn TL; 4 studies
were included in the meta-analysis. The findings of the
studies overally point to aninverse statistically signifi-
cant relationship among them, which was supported by
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our meta-analysis.. Individuals with shortened telomeres
are more susceptible to developing age-related diseases,
and this association between TL and chronic diseases is
mainly determined in the first decades of life. This raises
concern as maternal-perceived stress during pregnancy
can increase the risk for health problems in their off-
spring from an early age. We recommend further stud-
ies to investigate this correlation in large sample sizes
and determine the exact mechanisms and risk factors for
shortened telomeres in newborns of mothers who expe-
rienced high stress levels during pregnancy. Subsequent
studies may measure stress using biological markers. Fur-
ther research is needed to understand the complex rela-
tionship between maternal psychological stress during
pregnancy and TL, which may yield deeper insights and
allow us to identify and protect pregnant women from
stressful situations.

Conclusion

Telomere length varies significantly among newborns,
which indicates the role of physiological and environ-
mental factors during the fetal period. In this study, the
analysis of the existing studies revealed an inverse sta-
tistically significant relationship between maternal-per-
ceived stress and newborn TL. This research provides a
better understanding of the underlying mechanisms and
pathways involved. We suggest that early identification
and assessment of pregnant women experiencing high
levels of stress, along with health follow-ups of infants
whose mothers experienced psychological stress during
pregnancy, could be beneficial to support the well-being
of both mothers and their infants. This systematic review
and meta-analysis is a step towards implementing more
studies considering some important limitations that were
mentioned.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512888-023-05387-3.

Additional file 1. PRISMA checklist.

Additional file 2: Figure S1. Forest plot of the overall result. Figure S2.
Sensitivity analysis of included studies. Figure S3. Meta-analysis of all
included studies after removing one study (Sensitivity analysis).

Authors’ contributions

R.M. and H.M. initiate the concept and conduct the initial investigation. S.M.,
SRR, and S.M. conduct the evaluation and incorporate the findings; and in
addition to R.M. are responsible for composing the initial draft. RM. and E.S.
undertake the analysis. Oversight throughout all stages is provided by H.M.
and J.M. The final version for publication is approved by all authors.

Funding
Not applicable.

Page 11 of 12

Availability of data and materials

All information required is given in the text and supplementary materials,
other supplementary information can be obtained upon email from the cor-
responding author.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent to publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Student Research Committee, Shiraz University of Medical Sciences, Shiraz,
Iran. >MD-MPH Department, School of Medicine, Shiraz University of Medical
Sciences, Shiraz, Iran. *Research Center for Psychiatry and Behavioral Sciences,
Shiraz University of Medical Sciences, Shiraz, Iran. *Islamic Azad University, Shi-
raz Branch, Shiraz, Iran. >Research Consultation Center (RCC), Shiraz University
of Medical Sciences, Shiraz, Iran. °Department of Psychiatry, Columbia Univer-
sity, New York, NYC, USA. “Research Center for Traditional Medicine and History
of Medicine, School of Medicine, Shiraz University of Medical Sciences, Shiraz,
Iran, Shiraz, Iran.

Received: 20 September 2023 Accepted: 20 November 2023
Published online: 15 December 2023

References

1. Smith EM, Pendlebury DF, Nandakumar J. Structural biology of telomeres
and telomerase. Cell Mol Life Sci. 2020;77(1):61-79.

2. Martens UM, Chavez EA, Poon SS, Schmoor C, Lansdorp PM. Accumula-
tion of short telomeres in human fibroblasts prior to replicative senes-
cence. Exp Cell Res. 2000;256(1):291-9.

3. Wang Q ZhanY, Pedersen NL, Fang F, Hagg S. Telomere length and all-
cause mortality: a meta-analysis. Ageing Res Rev. 2018;48:11-20.

4. Birch J, Barnes PJ, Passos JF. Mitochondria, telomeres and cell senes-
cence: implications for lung ageing and disease. Pharmacol Ther.
2018;183:34-49.

5. Noppert GA, Feinstein L, Dowd JB, Stebbins RC, Zang E, Needham BL,
et al. Pathogen burden and leukocyte telomere length in the United
States. Immunity & Ageing. 2020;17(1):1-10.

6. ZengZ Zhang W, QianY, Huang H, Wu DJ, He Z, et al. Association of
telomere length with risk of rheumatoid arthritis: a meta-analysis and
Mendelian randomization. Rheumatology. 2020;59(5):940-7.

7. Zhang X, Zhao Q, Zhu W, Liu T, Xie S-H, Zhong L-X, et al. The associa-
tion of telomere length in peripheral blood cells with cancer risk: a
systematic review and meta-analysis of prospective studiesmeta-analysis
of telomere length and cancer risk. Cancer Epidemiol Biomark Prev.
2017;26(9):1381-90.

8. Cheng F, Carroll L, Joglekar MV, Januszewski AS, Wong KK, Hardikar AA,
et al. Diabetes, metabolic disease, and telomere length. Lancet Diabetes
Endocrinol. 2021;9(2):117-26.

9. Yeh J-K, Wang C-Y. Telomeres and telomerase in cardiovascular diseases.
Genes. 2016;7(9):58.

10. Epel ES, Prather AA. Stress, telomeres, and psychopathology: toward a
deeper understanding of a triad of early aging. Annu Rev Clin Psychol.
2018;14:371.

11. Daniali L, Benetos A, Susser E, Kark JD, Labat C, Kimura M, et al. Telomeres
shorten at equivalent rates in somatic tissues of adults. Nat Commun.
2013;4(1):1-7.

12. Hjelmborg JB, Dalgard C, Méller S, Steenstrup T, Kimura M, Christensen
K, et al. The heritability of leucocyte telomere length dynamics. J Med
Genet. 2015,52(5):297-302.


https://doi.org/10.1186/s12888-023-05387-3
https://doi.org/10.1186/s12888-023-05387-3

Moshfeghinia et al. BMC Psychiatry ~ (2023) 23:947

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

Von Zglinicki T. Oxidative stress shortens telomeres. Trends Biochem Sci.
2002,27(7):339-44.

Barragan R, Ortega-Azorin C, Sorlf JV, Asensio EM, Coltell O, St-Onge MP,
et al. Effect of physical activity, smoking, and sleep on telomere length: a
systematic review of observational and intervention studies. J Clin Med.
2021;11(1):76.

Antoni MH, Lutgendorf SK, Cole SW, Dhabhar FS, Sephton SE, McDonald
PG, et al. The influence of bio-behavioural factors on tumour biology:
pathways and mechanisms. Nat Rev Cancer. 2006;6(3):240-8.

Chandola T, Brunner E, Marmot M. Chronic stress at work and the meta-
bolic syndrome: prospective study. BMJ. 2006;332(7540):521-5.

Iso H, Date C, Yamamoto A, Toyoshima H, Tanabe N, Kikuchi S, et al.
Perceived mental stress and mortality from cardiovascular disease among
Japanese men and women: the Japan Collaborative Cohort Study for
Evaluation of Cancer Risk Sponsored by Monbusho (JACC Study). Circula-
tion. 2002;106(10):1229-36.

Salleh MR. Life event, stress and illness. Malays J Med Sci. 2008;15(4):.9-18.
Wolkowitz OM, Mellon SH, Epel ES, Lin J, Dhabhar FS, Su'Y, et al. Leuko-
cyte telomere length in major depression: correlations with chronicity,
inflammation and oxidative stress-preliminary findings. PLoS ONE.
2011;6(3):e17837.

Coimbra BM, Carvalho CM, Moretti PN, Mello MF, Belangero SI. Stress-
related telomere length in children: a systematic review. J Psychiatr Res.
2017,92:47-54.

Epel ES, Blackburn EH, Lin J, Dhabhar FS, Adler NE, Morrow JD, et al.
Accelerated telomere shortening in response to life stress. Proc Natl Acad
Sci. 2004;101(49):17312-5.

Entringer S, Epel ES, Lin J, Buss C, Shahbaba B, Blackburn EH, et al. Mater-
nal psychosocial stress during pregnancy is associated with newborn
leukocyte telomere length. American J Obstet Gynecol. 2013;208(2):134
(e1-.e7).

Salihu HM, King LM, Nwoga C, Paothong A, Pradhan A, Marty PJ, et al.
Association between maternal-perceived psychological stress and fetal
telomere length. South Med J. 2016;109(12):767-72.

Ammala A-J, Vitikainen El, Hovatta |, Paavonen J, Saarenpaa-Heikkila O,
Kyllidginen A, et al. Maternal stress or sleep during pregnancy are not
reflected on telomere length of newborns. Sci Rep. 2020;10(1):1-10.
Burgin D, O'Donovan A, d’'Huart D, di Gallo A, Eckert A, Fegert J, et al.
Adverse childhood experiences and telomere length a look into the
heterogeneity of findings-a narrative review. Front Neurosci. 2019;13:490.
Li X, Wang J, Zhou J, Huang P, Li J. The association between post-trau-
matic stress disorder and shorter telomere length: a systematic review
and meta-analysis. J Affect Disord. 2017,218:322-6.

Casavant SG, Cong X, Moore J, Starkweather A. Associations between
preterm infant stress, epigenetic alteration, telomere length and
neurodevelopmental outcomes: a systematic review. Early Hum Dev.
2019;131:63-74.

Oliveira BS, Zunzunegui MV, Quinlan J, Fahmi H, Tu MT, Guerra RO.
Systematic review of the association between chronic social stress and
telomere length: a life course perspective. Ageing Res Rev. 2016;26:37-52.
Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021;372:n71.

Marchetto NM, Glynn RA, Ferry ML, Ostojic M, Wolff SM, Yao R, et al. Pre-
natal stress and newborn telomere length. American J Obstet Gynecol.
2016;215(1):94.e1-.e8.

Send TS, Gilles M, Codd V, Wolf |, Bardtke S, Streit F, et al. Telomere length
in newborns is related to maternal stress during pregnancy. Neuropsy-
chopharmacology. 2017;42(12):2407-13.

Izano MA, Cushing LJ, Lin J, Eick SM, Goin DE, Epel E, et al. The association
of maternal psychosocial stress with newborn telomere length. PLoS
ONE. 2020;15(12):0242064.

Verner G, Epel E, Lahti-Pulkkinen M, Kajantie E, Buss C, Lin J, et al. Maternal
psychological resilience during pregnancy and newborn telomere
length: a prospective study. Am J Psychiatry. 2021;178(2):183-92.

Enlow MB, Petty CR, Hacker MR, Burris HH. Maternal psychosocial
functioning, obstetric health history, and newborn telomere length.
Psychoneuroendocrinology. 2021;123:105043.

Gorenjak V, Petrelis AM, Stathopoulou MG, Visvikis-Siest S. Telomere
length determinants in childhood. Clin Chemist Lab Med (CCLM).
2020;58(2):162-77.

Page 12 of 12

36. Martens DS, Plusquin M, Gyselaers W, De Vivo |, Nawrot TS. Maternal pre-
pregnancy body mass index and newborn telomere length. BMC Med.
2016;14(1):1-10.

37. Karam F, Bérard A, Sheehy O, Huneau MC, Briggs G, Chambers C, et al.
Reliability and validity of the 4-item Perceived Stress Scale among
pregnant women: results from the OTIS antidepressants study. Res Nurs
Health. 2012;35(4):363-75.

38. Gardner M, Bann D, Wiley L, Cooper R, Hardy R, Nitsch D, et al. Gender
and telomere length: systematic review and meta-analysis. Exp Gerontol.
2014;51:15-27.

39. Okuda K, Bardeguez A, Gardner JP, Rodriguez P, Ganesh V, Kimura M, et al.
Telomere length in the newborn. Pediatr Res. 2002;52(3):377-81.

40. Godhamgaonkar AA, Sundrani DP, Joshi SR. Role of maternal nutrition
and oxidative stress in placental telomere attrition in women with preec-
lampsia. Hypertens Pregnancy. 2021;40(1):63-74.

41. Biron-Shental T, Sukenik-Halevy R, Sharon Y, Goldberg-Bittman L, Kidron
D, Fejgin MD, et al. Short telomeres may play a role in placental dysfunc-
tion in preeclampsia and intrauterine growth restriction. American J
Obstet Gynecol. 2010;,202(4):381.

42. Broady AJ, Loichinger MH, Ahn HJ, Davy PM, Allsopp RC, Bryant-Green-
wood GD. Protective proteins and telomere length in placentas from
patients with pre-eclampsia in the last trimester of gestation. Placenta.
2017,50:44-52.

43, Needham BL, Hicken MT, Govia IO, Mitchell C, Abdou CM. Maternal social
disadvantage and newborn telomere length in archived dried blood
spots from the michigan neonatal biobank. Biodemography Soc Biol.
2017;63(3):221-35.

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

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Maternal psychological stress during pregnancy and newborn telomere length: a systematic review and meta-analysis
	Abstract 
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Search strategy
	Eligibility criteria
	Study selection
	Data extraction
	Quality assessment
	Quantitative analysis

	Results
	Selection of studies
	Study characteristics
	Risk of bias within studies
	Synthesis of results
	Overall results
	Subgroup analysis
	Sensitivity analysis


	Discussion
	Conclusion
	Anchor 25
	References


