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ABSTRACT 

Telomere length (TL) is a marker of biological aging, and numerous studies have shown 

associations between TL and somatic or psychiatric disorders. Research also indicates an 

association between maternal stress during pregnancy and TL in the offspring. The present 

study investigated possible associations between TL and: (1) maternal perceived stress during 

pregnancy; (2) a maternal life-time history of psychiatric disorder (life-time PD); and (3) paternal 

age. TL was analysed in 319 newborns and 318 mothers from a predominantly Caucasian 

sample (n=273 Caucasian newborns and n=274 Causasian mothers). Two key findings were 

observed. First, maternal perceived stress during pregnancy was associated with shorter 

telomeres in newborns but not with maternal TL. Second, maternal life-time PD was associated 

with shorter maternal telomeres, but not with TL in newborns. Paternal age was not associated 

with TL in newborns. The finding that maternal stress during pregnancy is associated with 

shorter telomeres in newborns supports the results of smaller previous studies. The fact that a 

relation between maternal prenatal stress and TL was observed in offspring but not in mothers 

may be attributable to a high vulnerability to stress during intrauterine development of a 

maturing organism. To our knowledge, this is the largest study to date to show that maternal 
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stress during pregnancy but not maternal life-time PD is associated with shorter telomeres in the 

offspring.   
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Introduction 

Telomeres are essential to the maintenance of chromosomal integrity, and consist of repeated 

DNA-sequences that cap and protect eukaryotic chromosomes. Telomeres shorten with each 

cell division, and eventually reach a critical length. This in turn leads to cellular senescence or 

apoptosis. Telomeres shorten substantially with increasing age, and telomere length (TL) is thus 

a bioindicator of aging. Numerous studies have shown an association between TL and higher 

mortality and morbidity, such as in patients with somatic and psychiatric disorders (Bojesen, 

2013; Kimura et al, 2008; Lindqvist et al, 2015). The latter include major depression and 

posttraumatic stress disorder (Darrow et al, 2016). 

TL displays wide interindividual variability, and this is attributable to both, heritability and 

environment. Heritability accounts for up to 70% of the variance in TL (Broer et al, 2013; 

Hjelmborg et al, 2015). However, genetic variants identified to date in candidate gene and 

genome wide association studies explain only a small proportion of the observed variance in TL. 

Women have longer telomeres than men, and research suggests that this difference may be 

present at birth (Factor-Litvak et al, 2016). Several studies have demonstrated that paternal age 

is associated with TL in the offspring, with children of older fathers having longer telomeres 

(Broer et al, 2013). Individual variation of TL is a function of TL at birth and the subsequent 

attrition rate. In this context, research suggests that TL in early life is a more important predictor 

of TL in later life than attrition across the life-span (Factor-Litvak et al, 2016; Heidinger et al, 

2012). Factor-Litvak et al (2016) conclude that the effects of environmental factors during 

adulthood are “small compared with the effect of the variation of leucocyte TL across 

newborns”.  

Besides genetic factors, TL is also influenced by environmental conditions. For example, 

telomeres are highly sensitive to damage through alkylation, ultraviolet irradiation, and oxidative 

stress (von Zglinicki, 2002). Research has shown that stressful life events may lead to 

increased oxidative stress (Epel et al, 2004; Schiavone et al, 2015), and they may therefore 

impact TL via this mechanism. This effect is most pronounced when stressful life events occur 

©    2017 Macmillan Publishers Limited. All rights reserved.



 

 

 

 

4 

 

in childhood, which points to childhood as sensitive period (Oliveira et al, 2016; Osler et al, 

2016). However, the literature is not entirely consistent (Glass et al, 2010; Verhoeven et al, 

2015). Recent studies indicate that already maternal stress during pregnancy is associated with 

reduced TL in the offspring: Entringer et al (2013) examined mother-child dyads (n=27), and 

found that psychosocial stress during pregnancy was associated with reduced TL in the 

newborns’ cord blood. Two other studies focused on critical life events such as loss of a family 

member experienced by the mother during the prenatal period: A prospective cohort study with 

24 mother-child dyads found an association between critical life events during pregnancy and 

shorter telomeres in the newborns’ cord blood (Marchetto et al, 2016), and a retrospective 

design in n=94 subjects found an association between critical life events and lower TL in young 

adults (Entringer et al, 2011). The latter showed a more pronounced effect in females (Entringer 

et al, 2011). Shalev et al (2014) investigated a cohort of 38 year old subjects and found that 

reduced TL was associated with a history of perinatal complications, such as maternal diabetes, 

low birth weight, and low APGAR scores implying possible relevance of these early conditions in 

later life.  

On the basis of these findings, Entringer et al (2015) concluded that telomere biology is an 

important mechanism in terms of foetal programming, and that the intrauterine phase of life may 

be particularly sensitive to environmental effects.  

The aim of the present study was to investigate possible effects on TL in newborns / mothers of: 

(1) maternal perceived stress during pregnancy; and (2) a maternal life-time history of 

psychiatric disorder (life-time PD). This was performed in a large, well-characterized and 

prospectively recruited cohort of newborns. Additional analyses were conducted to determine 

possible associations of newborns’ TL with (3) paternal age. 

 

Materials and Methods 

Study design and sample 
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The total sample comprised 410 mother-newborn dyads. TL was measured in 319 newborns 

and 318 mothers. Of these, 273 newborns and 274 mothers were Caucasian. The mothers 

were recruited during the third trimester of pregnancy (4-8 weeks prior to term) during 

attendance at a routine pre-delivery hospital registration appointment. Recruitment was 

performed between October 2010 and March 2013 at three obstetric clinics in the Rhine-Neckar 

Region of Germany (Mannheim, Ludwigshafen). The women were informed about the study 

(Pre-, Peri-, and Postnatal Stress: Epigenetic impact on Depression; POSEIDON, see also 

Dukal et al, 2015; Nieratschker et al, 2014) by a study researcher, and provided with a printed 

flyer. The latter outlined the study design, which encompassed three measurement time-points: 

the end of the third trimester of pregnancy, immediately post delivery, and 6 months post 

delivery. The POSEIDON protocol included interviews, questionnaires, and the collection of 

biomaterial. An overview of the measures and biosamples collected at each time point is 

provided in Table 1.  

The following maternal inclusion criteria were applied: age 16-45 years; main caregiver; and 

German-speaking. Exclusion criteria for mothers were: positive hepatitis B, hepatitis C, or 

human immunodeficiency virus (HIV) status; any current psychiatric disorder requiring inpatient 

treatment; any history or current diagnosis of schizophrenia / psychotic disorder; any substance 

dependency other than nicotine during pregnancy. 

Exclusion criteria for newborns were: gestational age <32 weeks; birth weight <1,500 grams; 

multiple birth; and the presence of any congenital disease, malformation, deformation, and/or 

chromosomal abnormality. 

Based on the average number of deliveries per year for each hospital, an estimated 33% of all 

eligible mothers agreed to participate in the study. Each female participant was reimbursed with 

120 Euros. The study protocol was approved by the Ethics Committee of the Medical Faculty 

Mannheim of the University of Heidelberg, and the study was conducted in accordance with the 
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Declaration of Helsinki. All women provided written informed consent prior to inclusion. Further 

sample characteristics are provided in Table 2. 

 

 

 

Measures 

During the 3rd trimester of pregnancy, structured interviews were conducted by study 

researchers to assess a broad range of environmental and sociodemographic risk factors, 

prenatal medical risk factors, general medical characteristics, and psychosocial risk factors (see 

Table 1). In addition, maternal saliva was collected for telomere analysis.  

The women were screened for current and lifetime psychopathology using the structured Mini 

International Neuropsychiatric Interview (M.I.N.I.; German version 5.0.0; Sheehan et al, 1998) 

and self-report. In addition, the women were asked to provide information concerning the mental 

health status of their partner. 

Acute maternal stress was assessed with the Perceived Stress Scale (PSS; Cohen et al, 1983). 

This 14-item self-report questionnaire measures the individual’s subjective evaluation of the 

stressfulness of situations encountered in the preceding month. Higher scores indicate higher 

perceived stress (see Table 3). 

 

Measurement of telomere length 

Umbilical cord blood was collected immediately after delivery by the attending midwife. The 

samples were drawn into ethylenediaminetetraacetic acid (EDTA)-coated tubes. For n=311 

newborns, automated genomic DNA extraction was performed using the chemagic Magnetic 

Separation Module I (Chemagen Biopolymer-Technologie AG; Baesweiler; Germany). For n=14 
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further newborns, only a low volume of umbilical cord blood (< 2 mL) was obtained. For these 

samples, DNA was isolated using the QIAamp DNA Blood Midi Kit (Qiagen GmbH; Hilden; 

Germany). All genomic DNA samples were stored at -20°C prior to analysis. Maternal DNA was 

extracted from saliva using the Oragene DNA purifier OG-L2P, in accordance with the Oragene-

DNA-protocol. DNA isolation using the Chemagen module resulted in longer newborns’ TL than 

DNA isolated using the Qiagen kit (p=.029). Hence, we controlled for DNA extraction method in 

the analyses. 

Relative TL was measured using an established quantitative PCR assay (Cawthon, 2002; Codd 

et al, 2010; Codd et al, 2013). This expresses TL as a ratio (T/S) of telomere repeat length (T) 

to a single copy gene (S). Each sample was measured in duplicate for both T and S. For both 

reactions the amount was quantified relative to a calibrator sample included on every run 

(genomic DNA from the K562 cell line). For quality control samples were excluded and re-run if 

duplicate amplicons differed by >0.2 cycles or amplified outside linear range of the assay (Codd 

et al, 2010). To ensure the absence of assay drift and to assess reproducibility of the 

measurement, 128 samples were measured on two separate occasions. The mean coefficient 

of variation between repeated T/S measurements was 2.72%. TL was quantified in 15 different 

batches. There was a small but significant effect of the batch on TL (p=.036 for newborns, 

r2=.08; p=.016 for mothers, r2=.09). Hence, we controlled for batch effects in the analyses. TL 

measurements were obtained for 319 newborns (164 females, 155 males) and 318 mothers. 

Overall, 313 complete mother-child-dyads were included in the analyses. At the time of writing, 

no analysis of paternal TL has been performed.  

 

Statistical analysis 

TL in newborns: Regression models were used to analyse the association between newborn TL 

and (1) maternal prenatal perceived stress, (2) maternal life-time PD, and (3) paternal age. 

Newborn TL was residualised to account for batch effects and DNA extraction method. The 
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analysis regarding paternal age was conducted with and without additional correction for 

maternal age. The analyses (1) and (2) were then repeated using residualised maternal TL as a 

further predictor. Due to lack of power, no interaction effects were added to the regression 

models.  

TL in mothers: The analyses were conducted likewise to those in newborns to analyse the 

association between maternal TL and (1) maternal prenatal stress, and (2) maternal life-time 

PD. TL in mothers was residualised to account for batch effects. The analyses were repeated 

using maternal age as a predictor. 

All statistical analyses were carried out with IBM SPSS Statistics (Version 22). 

 

Results 

Telomeres were significantly longer in girls than in boys (r2=.03, p=.005), supporting previous 

evidence that TL differs between genders at birth (see introduction). As expected a positive 

association was found between maternal TL and TL in the offspring (ß=.31, p<.001). The 

relationship between maternal TL and TL in the offspring was similar for both sexes (for 

females: ß=.34, p<.001; for males ß=.27, p=.001). Maternal age showed a trend towards a 

negative relation with maternal TL (ß=-.11; p=.062). Details of these analyses are provided in 

Table 4 and 5. The reported standardised regression weights ß correspond to r2=.10 for the 

association between maternal TL and newborn TL and to r2=.01 for the association between 

maternal age and maternal TL. 

 

1. Maternal perceived stress during pregnancy and TL 

Maternal perceived stress during pregnancy was associated with TL in newborns (ß=-.14, 

p=.015, see Table 5). Inclusion of maternal TL as a predictor in the analyses of newborn TL did 

not impact on the results (see Supplementary Table 1). Maternal perceived stress during 
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pregnancy was not associated with maternal TL. Inclusion of maternal age as a predictor in the 

analyses of maternal TL did not impact on the results (see Supplementary Table 2). The 

reported standardised regression weight ß corresponds to r2=.02 for the association between 

perceived stress and newborn TL. 

 

2. Maternal life-time PD and TL 

Maternal life-time PD (self-report) was not associated with TL in newborns, but only shortly 

failed to show a significant association with shorter maternal telomeres (ß=-.11, p=.055, see 

Table 5 as well as Supplementary Table 1). Inclusion of maternal age as a predictor in the 

analyses of maternal TL changed the results slightly (ß=-.11, p=.050, see Supplementary Table 

2). A highly significant correlation was found between maternal life-time PD (assessed using the 

M.I.N.I.) and maternal life-time PD (assessed by self-report): r=.53, p<.001. However, no 

association was found between diagnosis according to the M.I.N.I. and either maternal TL or 

newborn TL. 

 

3. Paternal age and TL 

Paternal age was not associated with newborn TL (ß=.06, p=.328). Moreover, no association 

could be observed when the model was additionally corrected for maternal age (see 

Supplementary Table 1).  

 

Discussion 

The present study reports an association between maternal perceived psychosocial stress 

during pregnancy and shorter telomeres in the largest sample of newborns to date. It 

substantiates previous findings in smaller samples (Entringer et al, 2013; Marchetto et al, 2016). 

Our finding of an association between maternal life-time PD (self-report) and shorter maternal 
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telomeres is also in accordance with the literature (Lindqvist et al, 2015). This association was 

not found for the M.I.N.I.. Although the M.I.N.I is more objective than the self-report, it is also 

less sensitive, since it classifies a total of only 17 psychiatric disorders. Maternal life-time PD, 

however, did not impact on TL in newborns. Moreover, no association was found between 

maternal stress during pregnancy and maternal TL. This is consistent with a previous meta-

analysis, which revealed only a very small association between perceived stress (measured 

over the preceding month) and adult TL (Mathur et al, 2016).  

The finding that acute stress measured with the PSS impacts on TL in the offspring but not in 

mothers may be attributable to an increased vulnerability to stress during pregnancy, and 

underlines the potential importance of intrauterine effects in terms of newborn TL.  

The PSS can be considered a broad measure for acute stress. It quantifies the individual’s 

subjective evaluation of the stressfulness of situations encountered in the preceding month, 

including e.g. disturbances by daily hassles. In a meta-analysis performed by Nast et al (2013) 

the PSS was considered the best currently available instrument to measure the degree in which 

situations are regarded as unpredictable, uncontrollable and burdensome during the past 

month. In a second step, we tested two other measures of prenatal stress, the Prenatal Distress 

Questionnaire (PDQ, Yali and Lobel, 1999) and the Life Experiences Survey (LES, Sarason et 

al, 1978). These were highly correlated with the PSS. However, they were not significantly 

associated with newborn or maternal TL (see Supplementary Table 3). 

Nicotine use during pregnancy showed no association with newborn TL. This suggests that the 

association between acute stress and newborn TL was not mediated by smoking behaviour 

during pregnancy. 

Previous studies have reported that paternal factors, such as paternal TL and age impact on TL 

in newborns. While no data were available to date concerning paternal TL, we examined 

whether paternal age was associated with shorter telomeres of the newborns. No significant 

association was found between paternal age and newborns TL. However, the average effect 
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size described in a recent meta-analysis is comparatively low (corresponding to r=.055; Broer et 

al, 2013) and the power to detect such an effect in our sample was 16%. 

There are several limitations of our approach. The exclusion of women with a psychiatric 

disorder requiring in-patient treatment and substance dependency (except nicotine 

dependency) during pregnancy may have led to an underestimation of the association between 

maternal psychiatric history and maternal TL. It may as well have led to the overlooking of an 

association with newborn TL. Therefore, the present data do not exclude the possibility that 

severe maternal psychiatric disorder is associated with newborn TL. However, although mothers 

with a severe psychiatric disorder (who might be more distressed than women with no 

psychiatric disorder) were excluded, an association between perceived stress during pregnancy 

and newborn TL was demonstrated. Furthermore, our sample was recruited during the 3rd 

trimester of pregnancy. We were therefore unable to investigate specific influences during 

earlier phases of foetal development. However, a recent study showed in a large sample that 

PSS scores are generally stable over time during pregnancy (Bann et al, 2016). The analysis of 

paternal age had the limitation that no data were available concerning paternal TL.  

In conclusion, our study is the largest prospective cohort study to date to show that maternal 

perceived stress during pregnancy is associated with shorter telomeres in the offspring and that 

maternal life-time PD seems to have no impact on telomeres in the offspring. It has been shown 

that environmental factors during specific time frames may affect the offspring but not the 

mothers (Lupien et al, 2009). Also, there are vulnerable phases in which environmental effects 

are more detrimental than in other phases. For example, it has been prominently shown in the 

Dutch Hunger Winter Study for prenatal (Beijers et al, 2014; Susser and Lin, 1992) as well as 

for adolescent phases (Fransen et al, 2016). As Barker and many others have reported these 

influences contribute to later disease, such as coronary heart disease and schizophrenia 

(Barker, 1995, 2002; Barker and Thornburg, 2013; Plana-Ripoll et al, 2016; Susser et al, 1992). 

Reduced leucocyte TL was related to cardiovascular disease (Haycock et al, 2014; Jansen et 
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al, 2014). Thus, the effect of prenatal stress on the risk of heart disease could be mediated by 

prenatal stress-associated low TL.  

Although the meaning of the reported differences in TL for later health is so far unclear our 

findings underline the necessity to especially support women with increased risk to experience 

stress during pregnancy.  

TL at birth is one of the parameters that define the oldest potential age of an individual, as 

based on his/her genetic endowment under environmental circumstances that reduce extrinsic 

mortality (Kimura et al, 2008). Therefore, determining factors with potential effects on TL in 

newborns is an important research endeavour.  

Although there is evidence that TL plays a causal role in some age-related diseases including 

coronary artery disease and some cancers (Codd et al, 2013; Walsh et al, 2015), the issue of 

whether TL plays a wider causal or adaptive role in mortality, is unclear.  

However, with respect to our study, even if TL represents only a biomarker for prenatal stress, 

its value in identifying “pre-aged” children could be of relevance in terms of early intervention. 
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Table 1: Phenotypic assessment of mothers and infants early in life 

  

        Prenatal / 3rd trimenon 

 

          Perinatal / birth 

Exposure to 

early life stress 

Perceived stress (PSS) 

Prenatal distress (PDQ) 

Life events (LES) 

Social support (Soz-U.) 

Socio-demographic data 

Maternal health risk behavior (e.g. 
smoking) 

Psychosocial risks 

Pre- and perinatal complications 

Perinatal stressors (e.g. asphyxia, 
caesarian, preterm birth) 

Pregnancy & obstetric history (birth 
weight, gestational age, birth 
complications) 

 

Maternal 

mental & physical 

health 

Maternity log data 

Semi- standardized neuropsychiatric 
diagnostic interview (MINI) 

Depression screening (EPDS) 

Anxiety screening (STAI-S, STAI-T, 
ASQ) 

Anthropometry 

Individual & family history of metabolic 
and other medical disorders 

 

Biological  

samples 

Diurnal saliva cortisol (mother) 

Saliva sample for genetic and 
epigenetic analysis (mother / father) 

Cord blood for genetic and 
epigenetic analysis 

Saliva sample for genetic and 
epigenetic analysis (infant)  

Maternal and foetal placenta 

PSS = perceived stress scale; PDQ = prenatal distress questionnaire; LES = life experiences survey; 
Soz-U = social support questionnaire; M.I.N.I. = Mini International Neuropsychiatric Interview; EPDS = 
Edinburgh postnatal depression scale; STAI-S & STAI-T = state- trait anxiety inventory; ASQ = anxiety 
screening questionnaire 
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Table 2: Demographic characteristics of mothers and infants included in the telomere analysis (all 

data: mean ± SD or percentage) 

Variable Mean ± SD or percentage 

Female infants (%), with respect to n=319 newborns 52% 

Maternal Age (in years) 31.5 ± 5.0 

Paternal Age (in years) 34.7 ± 6.3 

SD = standard deviation; % = percentage 
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Table 3: Maternal psychopathology and perceived stress (self-report; all data: mean ± SD or 

percentage). 

 

               Variable Percentage or mean ± SD  

Maternal psychopathology
1
  

Lifetime psychiatric disorder (%) 44% 

          None 56% 

          Depressive disorder  10.5% 

Adjustment disorder 8.6% 

          Anxiety disorder  5.9% 

Eating disorder 3.1% 

Substance abuse and misuse 1.5% 

Other psychiatric disorder 1.5% 

At least two different disorders specified
2
 13.9% 

Maternal perceived stress  

Score on the Perceived Stress Scale (PSS)
 

21.5 ± 8.4 

1
All psychiatric disorders with n<5 were listed as “other psychiatric disorders”; 2

Among them many 
depressive and anxiety disorders 
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Table 4: Telomere length (TL) in newborns and mothers 
 

Telomere length in Mean ± SD2 p value3 

Newborns (T/S)1 4.1 ± 0.6 N/A 

Female newborns  4.2 ± 0.6 
 

.005** 
Male newborns  4.0 ± 0.6 

Mothers (T/S)1 3.0 ± 0.5 N/A 

1) T/S expresses telomere length as the ratio of telomere repeat length (T) to a single copy gene 
(S); Analyses were carried out with newborn TL values residualised for batch effects and DNA 
extraction method and with maternal TL values residualised for batch effects; 2) Mean TL and 
standard deviation, 3) P-value indicating the significance of the difference in mean TL of female 
and male subgroup; significant p-values are indicated by * for p<=.05, ** for p<=.01 and *** for 
p<=.001 
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Table 5: Predictors of telomere length (TL) in newborns and mothers. 

Regression analyses were carried out to assess: a) association between maternal and newborn TL; b) 

association between the Perceived Stress Scale (PSS) and newborn/maternal TL; c) association between 

maternal life-time history of psychiatric disorder (life-time PD) and newborn/maternal TL, d) association 

between paternal age and newborn TL. 

 Newborn telomere length 
(T/S)1 

Maternal telomere length 
(T/S)1 

Predictor Effect size ß p value2 Effect size ß p value2 

a) Maternal telomere length .31 <.001*** N/A N/A 

b) Perceived Stress Scale (PSS)   -.14 .015** -.03 .640 

c) Maternal life-time psychiatric disorder -.04 .475 -.11 .055 

d) Paternal age at birth .06 .328 N/A N/A 

1) T/S expresses telomere length as the ratio of telomere repeat length (T) to a single copy gene (S); 

Analyses were carried out with newborn TL values residualised for batch effects and DNA extraction 

method and with maternal TL values residualised for batch effects; no further predictors were included in 

the analyses; 2) Significant p-values are indicated by * for p<.05; ** for p<.01; and *** for p<.001 
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