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Abstract

Studies examining the association between early adversity and longitudinal changes in telomere 

length within the same individual are rare, yet are likely to provide novel insight into the 

subsequent lasting effects of negative early experiences. We sought to examine the association 

between institutional care history and telomere shortening longitudinally across middle childhood 

and into adolescence. Buccal DNA was collected 2 to 4 times, between the ages of 6 and 15 years, 

in 79 children enrolled in the Bucharest Early Intervention Project (BEIP), a longitudinal study 

exploring the impact of early institutional rearing on child health and development. Children with 

a history of early institutional care (n=50) demonstrated significantly greater telomere shortening 

across middle childhood and adolescence compared to never institutionalized children (n=29). 

Among children with a history of institutional care, randomization to high quality foster care was 

not associated with differential telomere attrition across development. Cross-sectional analysis of 

children randomized to the care as usual group indicated shorter telomere length was associated 

with greater percent of the child’s life spent in institutional care up to age 8. These results suggest 

that early adverse care from severe psychosocial deprivation may be embedded at the molecular 

genetic level through accelerated telomere shortening.
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1. Introduction

Telomeres, found at the end of chromosomes, comprise repetitive DNA sequences, proteins, 

and non-coding RNAs that are conserved across evolution, found in organisms from yeast to 

humans. In addition to their role in cellular senescence and apoptosis, telomeres also serve 

as global epigenetic regulators, sensitive to cellular and physiological stressors (Ye et al., 

2014). Telomere length (TL) has been proposed as a biological mediator between negative 

early experiences and later psychopathology and poor health (Blaze et al., 2015). Shorter TL 

has been associated with environmental stress exposure (e.g., neighborhood-level social 

environmental risk and prenatal tobacco exposure; Theall et al., 2013a, 2013b) and poor 

caregiving environments for the child (e.g., physical maltreatment, institutional care, 

poverty; Drury et al., 2012; Mitchell et al., 2014). High quality parental care may buffer the 

negative impact of adversity on TL (Asok et al., 2013; Enokido et al., 2014). In adults and 

adolescents, decreased TL has also been associated with cardiovascular disease (Saliques et 

al., 2010), diabetes (Willeit et al., 2014), and obesity (Müezzinler et al., 2014), all negative 

health outcomes linked with experiences of early adversity. Collectively, these findings 

suggest that TL may link early adversity to negative health outcomes, foreshadow increased 

health risk, and have salience across the life course.

Though there is mounting evidence that early adversity is associated with TL measured at a 

single time point, measuring TL trajectory over time may be a more meaningful metric for 

assessing cellular aging (Chen et al., 2011). A growing, but to date limited, number of 

studies have examined TL longitudinally. In adult women, greater telomere shortening was 

found among those who experienced a major life stressor during a one year follow-up 

period, suggesting a proximal link between stress and changes in TL (Puterman et al., 2014). 

Even fewer studies of the change in TL in children exist, and only one examined telomere 

shortening in children in relation to stress. In this study, Shalev and colleagues (2012) found 

greater TL attrition between ages 5 and 10 years in children who experienced maltreatment 

during that time period. While this study provides an important extension of cross-sectional 

results, additional longitudinal studies are needed.

Using data from the Bucharest Early Intervention Project (BEIP), a longitudinal randomized 

controlled trial of foster-care for children who experienced early psychosocial deprivation, 

we examined the impact of early and cumulative exposure to institutional caregiving on TL 

change across middle childhood and into adolescence (age range 6–15 years). We predicted 

that children exposed to early institutional care (ever institutionalized group: EIG) would 

demonstrate accelerated telomere shortening compared to never institutionalized children 

(never institutionalized group: NIG). We further examined whether randomization to high-

quality foster care at a mean age of 22 months, moderated TL change, hypothesizing that 

those randomized to the foster care intervention (foster care group; FCG) would have 

attenuated telomere attrition compared to the children assigned to the care as usual condition 
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(care as usual group; CAUG). Given our previous cross-sectional findings only within the 

EIG where shorter TL was associated with increased percent of time in institutional care 

through 54 months of age (Drury et al., 2012), we examined whether a similar pattern 

persisted with exposure captured through 8 years of age.

2. Methods

2.1 Participants

Participants were children enrolled in the BEIP (Zeanah et al., 2003), a longitudinal 

randomized controlled trial of foster care compared to care as usual for children in 

Romanian institutions, described in detail elsewhere (Nelson et al., 2007; Zeanah et al., 

2009). 136 children, between 6 and 31 months of age, residing in six institutions in Romania 

were initially enrolled, and following baseline assessments, randomly assigned to CAUG 

(n=68) or FCG (n=68) (Figure 1, CONSORT). The foster care system was created for this 

project as an intentional alternative to institutional care. The related ethical considerations 

have been described in detail (Nelson et al., 2014; Zeanah et al., 2012). A reference group of 

children without any history of institutional rearing were recruited either from birth records 

from the same maternity hospitals in which the EIG were born or, for later recruitment, from 

area schools. Following randomization and placement of children in foster care, all 

subsequent decisions regarding placement were made by the child protection commissions 

in Romania.

As mandated by Romanian law, the Commission on Child Protection provided informed 

consent for each of the child participants. The Institutional Review Boards of Children’s 

Hospital of Boston, University of Maryland, and Tulane University approved this study.

2.2 Measures

2.2.1 Full-Scale IQ

At the age 12 follow-up assessment, full-scale IQ was obtained via the Wechsler Intelligence 

Scale for Children (Wechsler, 2004) which was translated into Romanian and administered 

by trained and reliable Romanian psychologists.

2.2.2 Monochromic multiplex quantitative polymerase chain reaction (MMP-qPCR)

DNA was collected using Isohelix buccal swabs (Cell Projects, Kent, UK) with careful 

attention to the integrity, purity, and concentration of the DNA. Swabs were collected, air 

dried, and stored with a desiccator pellet to decrease potential for bacterial growth. Swabs 

were immediately frozen and stored frozen until extracted. Integrity of the genomic DNA 

and purity was assessed via 260/280 and 260/230 ratios from nanodrop, QuBit analyses for 

double stranded DNA concentration, and agarose gel electrophoresis. The average relative 

buccal-derived TL (bTL) was determined from the telomere repeat copy number to single 

gene (albumin) copy number (T/S) ratio using an adapted monochrome multiplex 

quantitative real-time PCR (MMP-qPCR) and a BioRad CFX96 as previously described 

(Drury et al., 2014a). All samples were performed in triplicate, with a 7-point standard curve 

(0.0313ng to 2ng) derived from a single pooled control buccal DNA sample, eliminating 
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plate to plate variability as a result of differences in DNA standards. Triplicate plates were 

repeated with all samples in a different well position on the duplicate plate. All time points 

from each individual were run on the same plates to further decrease variance due to batch 

or plate effects.

PCR efficiency criteria for both reactions were 90–110%. Coefficients of variations were 

calculated within each triplicate (CV criteria ≤10%) and between plates (CV criteria ≤6%). 

Samples with unacceptably high CVs (10% intra- and 6% inter-assay CV) were removed 

from analysis or repeated (N=6), resulting in a final sample of 79 individuals with multiple 

time points that each passed quality control metrics on duplicate plates. bTL ratio was 

derived by the average of the triplicates from both plates. The CV for samples was 2.4%. 

bTL assays and quality checks were conducted blind to group status.

Individuals contributed anywhere from 2 to 4 data points. Subjects with only one time point 

of DNA available, or for whom more than one time point did not meet quality control 

measures on a set of duplicate plates were not included in the final analyses. Mean age at the 

initial telomere data collection point was 8.07 (SD=0.69), with a range of 6.40 to 9.13. Mean 

age at the final telomere data collection point was 14.41 (SD=0.70), with a range of 12.94 to 

15.61. The mean length of follow-up from the first to last collection was 6.34 (SD=0.44) 

years, with a range of 4.95 to 7.08 years. It should be noted that initial TL data from the 

BEIP were previously presented in Drury et al. (2012). The current study directly builds 

from that first cross-sectional study by including available data in a longitudinal assessment. 

However, as described above, the present study differs in telomere assaying methodology by 

using a measurement of T/S ratio with the MMPqPCR that is less susceptible to plate to 

plate and reference DNA variability, which is particularly useful for longitudinal analyses 

(Cawthon, 2009).

2.3 Data analysis

bTL values beyond three standard deviations from the mean were winsorized to the next 

closest value (n=3; 2 EIG and 1 NIG). Linear mixed models were used to examine bTL at 

multiple points spanning several years while accounting for the non-independence of 

observations (repeated measurements nested within individuals). Age of assessment was 

used as a time-varying independent variable, in which individuals’ bTL was modeled over 

age. Mixed modeling explores systematic differences in rates of change, and allows for the 

examination of the effects of key variables (e.g., institutional care history) on differences in 

bTL trajectory. First, institutional care history (dummy coded: 0=never institutionalized, 

1=ever institutionalized) was included as a predictor of bTL trajectory. Covariates included 

sex, ethnicity (Romanian vs. other), full-scale IQ at age 12 as IQ has been found to correlate 

with TL (Harris et al., 2012) and group differences in IQ exist within the BEIP study 

(Nelson et al., 2007), age of initial bTL assessment, and initial bTL. We then tested for 

potential sex effects by adding interaction terms with group and age. Intent-to-treat (ITT) 

effects of the high quality foster care intervention were examined. The above model was 

replicated, within the EIG only, with intervention group coded as 0=CAUG or 1=FCG. 

Given that the history of institutional care and ITT groups were planned analyses, we did not 

conduct a p-value correction for multiple comparisons. For all longitudinal models, 
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maximum likelihood estimation in Mixed Models in SPSS (version 20) was used, specifying 

fixed intercept and an autoregressive covariance structure to account for correlation between 

multiple waves of assessment. This procedure allows for missing data and calculates degrees 

of freedom using the Satterthwaite method, which can be fractional. For the cross-sectional 

analysis, ordinary least squares linear regression, controlling for age, sex, and ethnicity, was 

used to examine the association between percent time spent in institutional care among EIG 

children at age 8 with the TL data collection point assessed at the closest time point to that 

age.

3. Results

Demographics are presented in Table 1. NIG youth were significantly more likely to be of 

Romanian ethnicity, be older at the initial DNA collection, have less time between DNA 

collection time points, and have higher IQs. No significant differences were present between 

the CAUG and FCG.

3.1 Telomere shortening across development by institutional care history

The main effect of institutional care history (i.e., ever vs. never institutionalized) was 

examined as a predictor of bTL over development, controlling for sex, ethnicity, full-scale 

IQ, initial age of assessment, and initial bTL (Table 2). Though both groups demonstrated 

significant telomere attrition across development (mean slope for NIG [−0.06] and EIG 

[−0.12], ps<0.05), telomere attrition was significantly accelerated in the EIG compared to 

the NIG (Figure 2). In addition, both full-scale IQ and initial bTL were associated with 

telomere shortening across development. The interaction of sex and group was not 

significant (F(1, 236.64)=3.78, p=0.053).

3.2 Telomere shortening across development by intent-to-treat groups

We used the same procedure to examine whether randomization into high-quality foster care 

was associated with differential rates of bTL shortening within children exposed to 

institutional care (i.e., FCG vs. CAUG). Using the conservative intent-to-treat approach, and 

counter to our hypothesis, intervention group was not significantly predictive of the linear 

age parameter (F(1, 143.52)=0.11, p=0.75) using the same covariates, indicating no 

differences in rate of telomere shortening. The interaction of sex and ITT group was not 

significant (F(1, 145.02)=3.80, p=0.053).

3.3 Cross-sectional analyses at the Age 8 Follow-Up

We previously reported that percent time spent in institutional care through 54 months of age 

was a significant predictor of cross sectional bTL (Drury et al., 2012). Therefore, we tested 

whether this same relationship persisted when examining the percent time spent in 

institutional care through eight years of age. Percent time spent in institutional care at age 8 

was examined as a cross-sectional predictor of TL among the EIG (mean age of telomere 

measurement=8.84 years [SD=1.49]). Within the EIG, the association of percent time in 

institutional care at age 8 was not a significant predictor of TL over and above the effect of 

age, sex, and ethnicity (β=−0.17, ΔR2=0.03, p=0.26). However, because the CAUG had 
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significantly greater range and variability in the amount of cumulative exposure to 

institutional care than the FCG at this follow-up (Mean=50.70% [SD=24.22] vs. Mean 
=22.71% [SD=7.81], Levene’s test for equality of variances F=24.97, p<0.001), the 

regression was conducted within each group separately. Within the CAUG, the association of 

percent time in institutional care at age 8 was a significant negative predictor of TL(β=−.54, 

ΔR2=0.22, p=0.027), over and above the effect of covariates. In contrast, there was no 

association of percent time in institutional care and TL within the FCG (β=−0.002, 

ΔR2=0.00, p=0.995). Unlike our previous study, sex did not significantly moderate these 

results.

Additional analyses examined the number of caregiving disruptions in relation to TL, and 

found no significant associations within the EIG or within each ITT group (i.e., CAUG and 

FCG) separately.

4. Discussion

This is the first study to examine the trajectory of TL across middle childhood and into 

adolescence in relation to early psychosocial deprivation. We found evidence of telomere 

shortening in both children with and without a history of institutional care. Consistent with 

our hypothesis and previous studies of both adults exposed to early caregiving adversity 

(Beach et al., 2014; Enokido et al., 2014; Kananen et al., 2010; Kiecolt-Glaser et al., 2011), 

and children exposed to maltreatment, family violence, or high family stress (Drury et al., 

2014a, 2012; Gotlib et al., 2014; Shalev et al., 2012), we found exposure to early 

institutional caregiving resulted in accelerated telomere shortening across middle childhood 

and adolescence compared to children without any exposure to institutional caregiving.

Contrary to our expectations, we found no evidence that the foster care intervention 

moderated telomere shortening over time among the EIG, despite evidence that the amount 

of time in institutional care was predictive cross-sectionally (Drury et al., 2012). This result 

differs from other work indicating that high quality caregiving may buffer telomere 

shortening (Asok et al., 2013). Children in both the FCG and CAUG had experienced 

significant placement changes since 54 months of age, when the intervention trial ended. At 

the 12 year assessment relatively few children in the CAUG still resided in institutions and 

children from both groups have, unfortunately, experienced multiple placement disruptions. 

These caregiving disruptions may have diminished our ability to detect direct intervention 

effects out to later ages. It is also possible that the lack of detectable differences in TL 

trajectory between the FCG and CAUG indicates that the cellular impact of early 

institutional rearing is persistent and, to some extent, resistant to placement in high quality 

caregiving. Within the BEIP, a lack of ITT group effects have been documented for some 

outcomes (e.g., attention deficit hyperactivity disorder symptoms; Humphreys et al., 2015), 

suggesting the existence of sensitive periods after which full recovery from psychosocial 

deprivation may not be feasible. A similar sensitive period for cellular aging also may exist. 

Research into the effects of stress during specific developmental periods may be helpful for 

probing the sensitivity of the molecular effects of negative caregiving environments to 

changes in caregiving.
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To test the replicability of our previous cross-sectional findings within the EIG only, we 

tested the association between TL and the percentage of a child’s life in institutional care, 

but in this study we characterized exposure through the age of 8 years and TL from DNA 

collection closest to this age point. As the experience of institutional care represents a 

unique stressor, percentage of time in this setting is likely the clearest measure of differential 

exposure. Consistent with our previous study, we found that greater time spent in 

institutional care predicted shorter TL at age 8, though only among children in the CAUG. 

Contrary to prior work from this sample in which boys demonstrated a stronger link between 

percent of time in institutional care an TL than girls (Drury et al., 2012), we did not find sex 

differences in this extension. It is possible that this lack of replication is due to differences in 

sample size, as our method for including only those with usable TL data from multiple 

assessments reduced the number of EIG children and thus may have been underpowered to 

detect this effect. Alternatively, the lack of replication may represent changes in 

chronological age since the end of the formal intervention, as the moderating role of 

participants’ sex may have diminished in the intervening years.

TL continues to attract considerable interest as a biomarker of cellular allostasis, with 

multiple studies and meta-analyses documenting associations between shorter TL and age 

(Frenck et al., 1998), physical activity (Zhu et al., 2011), obesity (Müezzinler et al., 2014), 

prenatal tobacco exposure (Theall et al., 2013b), neighborhood-level social environmental 

risk (Theall et al., 2013a), family violence (Drury et al., 2014a), and stress reactivity (Gotlib 

et al., 2014). While the consistency of findings is compelling, the majority of studies have 

been cross-sectional. Given the dynamic nature of telomeres, evidence that telomeres serve a 

more global regulatory function for genomic structure, and that baseline TL is predictive of 

telomere shortening (Aviv et al., 2009), prospective longitudinal measurements, ideally 

beginning at birth, are likely to be the most useful for enhancing the understanding of the 

links between early adversity, TL, and health outcomes.

Limitations to this study exist. All time points of DNA collection were not available on all 

individuals, as participation, particularly with DNA collection, varied across the course of 

the study. Further the sample size was limited by our stringent quality control requirements. 

Specifically, multiple samples from an individual had to met quality control criteria on 

duplicate plates to include any samples from that individual, as such if only time point 

passed our within and between plate requirements none of the individual’s time points were 

included. Although the number of individuals is smaller than our previous cross sectional 

study, this analysis included 247 observations of overall TL. Further, this is the first study in 

children of any age to include more than two time points, and previously only a handful of 

studies in youth have reported two time points. There are limitations to the use of MMP-

qPCR methodology for measuring TL, particularly in relation to inter- and intra-assay 

variability, selection of tissue source, and range of CV values. The range of reported CV 

values in other studies is between 0.9% to 28% (Aviv et al., 2011). The average CV for 

triplicates in this study was <3% indicating significant assay consistency. Further, the 

stringency of our assay design required that each individual had all of their samples run on 

the same duplicate plates to prevent assay variability from influencing the measurement of 

TL change. As a result each individual not only had six replicates for each time point but if 

one time point had replicates that failed to meet quality checks, even if other time points met 
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the requirements, that time point was excluded from analyses. To control for potential tissue 

confounds related to the DNA standard, all samples were run against a single pooled DNA 

sample extracted from buccal swabs. While the majority of studies have either not specified 

or utilized a different source of DNA for analyses, preliminary data in our lab suggest that 

the source of DNA for the standard curve may impact TL determination using quantitative 

PCR (Esteves et al., 2016).

Tissue specificity remains a consistent challenge to all studies of TL. Multiple previous 

studies of TL in children have been reported, including studies utilizing bTL (Asok et al., 

2013; Drury et al., 2012), salivary derived TL (Theall et al., 2013a, 2013b) and TL from 

DNA extracted from peripheral blood (Shalev et al., 2012; Zhu et al., 2011). Our own pilot 

data suggests a high correlation of TL estimated concurrently from DNA extracted from 

buccal, blood, and saliva (Esteves et al., 2015), and a recent study reported a high correlation 

between salivary and blood TL (Mitchell et al., 2014). To date there are no data suggesting 

that one source of DNA is most accurate for TL. Lastly, in addition to changes in 

chronological age, pubertal status also changes from middle childhood into adolescence. TL 

has been associated with estrogen, dehydroepiandrosterone, and testosterone, as such larger 

studies concurrently examining TL and pubertal stage and TL trajectory are needed 

(Dismukes et al., 2016; Drury et al., 2014b; Entringer et al., 2015).

In conclusion, children with a history of institutional rearing demonstrated significantly 

greater telomere shortening across childhood compared to children reared in typical homes. 

Our findings add to the growing body of research across the life-course linking shorter TL to 

early adversity, and demonstrate a persistent negative impact of institutional rearing at the 

cellular level. Taken together, current data suggests the impact of severe psychosocial 

deprivation across numerous domains (Nelson et al., 2014), and now cellular processes. The 

lasting impact of early adverse caregiving, such as maltreatment, neglect, or severe 

psychosocial deprivation, with both physical and psychological difficulties, represents a 

critical public health concern that spans traditional divisions between physical and mental 

well-being. Accelerated telomere shortening may be one mechanism by which adversity 

results in poorer health outcomes for individuals exposed to early adversity (Shalev, 2012). 

The trajectory of TL change is likely a biological indicator of the lasting impact of early 

adversity and accelerated TL loss may foreshadow future health risks. Given that the 

strongest links to TL are found with cardiovascular disease and obesity, children exposed to 

early institutional care, similar to those exposed to maltreatment and chronic stress, should 

be carefully assessed not only for neurobehavioral and socio-emotional sequelae but also 

physical health parameters (Drury, 2015; Shonkoff and Garner, 2012).
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Highlights

□ Psychosocial deprivation was associated with accelerated 

telomere shortening.

□ High-quality foster care intervention did not alter telomere 

shortening.

□ For some children, time in institutional care predicted shorter 

telomere length.
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Figure 1. 
CONSORT diagram
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Figure 2. 
Telomere length across development based on institutional care history. Note. Predicted 

values plotted with fitted trend lines. EIG=ever institutionalized group. NIG=never 

institutionalized group.
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Table 2

Mixed Model Results for Institutional Care History and Telomere Length Change Across Development.

Parameter Estimate 95% CI t

Intercept 0.97 −0.82, 2.76 1.08

Ethnicity (dummy coded) −0.38 −0.88, 0.13 −1.46

Sex (females=1) 0.23 −0.21, 0.68 1.02

Full-scale IQ at age 12 (centered at mean) 0.02 0.01, 0.04 2.79**

Initial age of assessment 0.07 −0.13, 0.28 0.69

Institutional care history (EIG=1) 1.42 −0.46, 3.31 1.50

Age −0.06 −0.12, −0.01 −2.28*

Institutional care history × Initial age −0.09 −0.31, 0.13 −0.80

Institutional care history × FSIQ −0.002 −0.01, 0.01 −0.61

Initial telomere length × Age 0.03 0.02, 0.04 7.75***

Ethnicity × Age 0.04 −0.01, 0.08 1.65

Sex × Age −0.02 −0.06, 0.02 −0.90

Full-scale IQ × Age −0.002 −0.003, −0.001 −2.85**

Institutional care history × Age −0.06 −0.11, −0.01 −2.22*

Note. EIG=ever institutionalized group. FSIQ=full-scale IQ.

*
p<0.05.

**
p<0.01.

***
p<0.001.
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