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Abstract

Objective—To explore racial differences in newborn telomere length (TL) and the effect 

moderation of the sex of the infant while establishing the methodology for the use of newborn 

blood spots for telomere length analyses.

Study design—Pregnant mothers were recruited from the Greater New Orleans area. TL was 

determined using MMQ-PCR on DNA extracted from infant blood spots. Demographic data and 

other covariates were obtained via maternal report prior to infant birth. Birth outcome data were 

obtained from medical records and maternal report.

Results—Black infants weighed significantly less than white infants at birth, and had 

significantly longer TL than White infants (p=0.0134), with the strongest effect observed in Black 

female infants. No significant differences in gestational age were present.

Conclusions—Significant racial differences in TL were present at birth in this sample, even 

after controlling for a range of birth outcomes and demographic factors. As longer initial TL is 

predictive of more rapid TL attrition across the life course, these findings provide evidence that, 

even at birth, biological vulnerability to early life stress may differ by race and sex.
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Telomeres normally shorten with age in somatic tissues and, in general, telomere length 

(TL) generally is correlated between different tissues, particularly in youth1-3 Aging and 
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multiple other factors influence TL, including oxidative stress, DNA damage, DNA repair 

mechanisms, and genetic factors.4 TL also has been associated with both psychosocial 

stressors (exposure to violence, neighborhood disorder, racial discrimination), as well as 

chronic diseases (obesity, cardiovascular disease, diabetes).5-9 These diseases, associated 

with both early adversity and the aging process,10 have significantly higher rates in Blacks, 

particularly women, than in other races.11, 12

Racial differences in TL have been demonstrated in adults and adolescents,.13, 14 Baseline 

TL is longer in Blacks. TL attrition, an indicator of cellular aging predicted by initial TL, is 

also significantly greater in Blacks. This suggests that biological processes associated with 

aging may underlie persistent health disparities.6, 11, 13 Chae et al reported that racism was a 

significant predictor of shorter TL in Black adults, suggesting that not only do racial 

differences exist but that exposure to racism may contribute to part of the observed racial 

differences in TL.5 Thus, the determination of the earliest developmental time point at which 

racial differences in TL exist is salient.15

Shorter infant TL has been associated with a range of negative birth outcomes including 

preterm rupture of membranes, gestational diabetes, prenatal exposure to anti-retroviral 

therapy in HIV exposed infants, and maternal stressors during pregnancy.16-19 Studies have 

also demonstrated shorter placental TL of infants with intrauterine growth restriction 

(IUGR).20 Only one previous study, designed to examine cross tissue correlation of TL, 

presented any data on the association between race and TL at birth. 21 In this study, TL was 

not significantly different between Black and White infants. Although newborn TL was 

significantly associated with both maternal age and infant birth weight, analyses did not 

account for these associations or potential moderation of racial differences by gestational 

age or infant sex. Given consistent evidence of both sex differences in TL,22, 23 and racial 

differences in birth weight, these factors are likely critical covariates when examining racial 

differences in newborn TL.

One study has demonstrated a significant correlation between TL from dried blood spots and 

whole blood obtained via venipuncture, suggesting that blood spot DNA is a practical 

alternative DNA source. 25 This study examined the feasibility of newborn blood spots as a 

source for newborn TL analyses, and explored racial differences in newborn TL in a 

prospective cohort of infants. Based on existing data in adults, we hypothesized that racial 

differences would be found, with Blacks having longer TL than Whites. Further, as our 

previous work and that of others has demonstrated sex differences, 7, 22, 23 we examined 

whether the sex of the infant moderated racial differences. The established evidence that the 

rate of TL attrition is proportional to baseline TL coupled with the increasing evidence 

linking TL to negative health outcomes, suggest that evaluation of racial differences in 

infant TL may provide novel insight into the early biological evidence of health disparities.

Methods

Data were collected on 71 infants recruited from New Orleans, Louisiana as part of a larger 

longitudinal study examining the effect of cumulative maternal life course and prenatal 

stress on infant TL and early childhood development. Pregnant mothers, age 18 to 41, were 
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recruited from prenatal and Women, Infant and Children (WIC) clinics, as well as from 

other on-going studies of maternal health and pregnancy outcomes at Tulane University. 

Recruitment areas were identified using the community identification process, a mapping 

method to record epidemiological indicators of the prevalence and incidence of community 

stressors and other selected social and health conditions. Mothers were excluded if they 

were less than 18 years of age or expecting multiple infants. Only English speaking mothers 

were recruited. Mothers provided information about multiple levels of their and their infant's 

social ecology (ie, household and neighborhood) using an interview-assisted computer 

survey administered face-to-face at the research site or at prenatal clinics (Questionnaire 

Development System, QDS, Nova Research, Bethesda, MD). Oral responses were recorded 

onto the computer by trained interviewers. This study was approved by the Tulane 

University Institutional Review Board.

Newborn DNA was extracted from newborn blood spots. Maternal consent was obtained 

during pregnancy. Genomic DNA was isolated according to the manufacturer's 

recommended protocol included in the Purelink Genomic DNA Mini kit (Invitrogen) and 

eluted in 70 μL of nuclease-free water. The resulting DNA samples were then stored at − 20 

°C. Control DNA utilized for TL assay was obtained from pooled dried blood spot extracted 

DNA.

All DNA samples were evaluated for dsDNA integrity and concentration with Qubit 

(Invitrogen, Carlsbad, CA, USA), for purity with Nanodrop-2000 (Thermo Scientific, 

Waltham, MA, USA), and DNA integrity via agarose gel electrophoresis. The average 

relative TL as represented by the telomere repeat copy number to single gene (albumin) 

copy number (T/S) ratio, was determined using monochrome multiplex quantitative real-

time PCR (MMQ-PCR) and standard methods in our laboratory 7, 26. A 10μl DNA sample, 

containing ~0.1-0.5ng of DNA diluted in pure water, was briefly combined with 15μl of 

PCR mixture, for a final volume of 25μl per reaction. The PCR reaction consisted of 0.75X 

Sybr Green I (Invitrogen, Carlsbad, CA, USA), 1X Gene Amp Buffer II (Applied 

Biosystems, Foster City, CA, USA), 0.8mM dNTPs, 10mM MgCl2, 3mM DTT, 1M 

Betaine, 2.5U AmpliTaq Gold polymerase (Applied Biosystems, Foster City, CA, USA), 

0.9μM telg primer (ACACTAAGGTTTGGGTTTGGGTTTGGGTTTGGGTTAGTGT), 

0.9μM telc primer (TGTTAGGTATCCCTATCCCTATCCCTATCCCTATCCCTAACA), 

0.6μM albd2 primer (GCGGGCCCGCGTGGCGGAGCGAGGCCGgaaaagcatggtcgcctgt) 

and 0.6μM albu2 primer 

(GCCTCGCTCCGGGAGCGCCGCGCGGCCaaatgctgcacagaatccttg). All samples are 

performed in triplicate with a 7-point standard curve (0.0313ng to 2ng) with DNA extracted 

from pooled control blood spot cards. Each plate was duplicated with all samples in a 

different well position. All plates were run with a standard curve obtained from the same 

pooled control blood DNA sample to eliminate possible additional sources of interplate 

variability. Intraplate and interplate coefficients of variations were calculated for uniformity 

of TL estimates (CV≤5%). The slope of the standard curve for both the telomere and 

albumin reactions was used to calculate the T/S ratio for each sample. PCR efficiency 

criteria for telomere and albumin reactions are between 90-110% and paired-plates were not 

allowed to differ by more than 10% or they were repeated. Coefficients of variations (CV) 

were calculated within each triplicate (CV criteria ≤6%) and between plates (CV criteria 
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≤10%). Samples with unacceptably high CVs (>6% intra-assay or > 10% inter-assay CV) 

were removed from analysis or repeated (N = 5) and did not differ on any demographic or 

other birth outcome factors from samples that amplified appropriately. Bloodspot TL ratio 

was determined by the average T/S ratio of the triplicates from both plates (e.g. the average 

of six different assays of each individual). Children without valid bloodspot TL data did not 

significantly differ from children with bloodspot TL data on study measures.

Infant birth outcome data was obtained from medical records: sex, birthdate, birth weight, 

and gestational age. Additional covariates were obtained during the prenatal maternal 

interview-assisted computer survey and included parental age when the infant was 

conceived, maternal race, and maternal highest level of education as a proxy for 

socioeconomic status.

Statistical analyses

Descriptive, bivariate, and multivariate analyses were conducted using SAS 9.3. Univariate 

analyses included examination of central tendency measures and frequencies. Bivariate 

analyses were performed to determine initial association between infant TL and race, as well 

as between race and TL potential confounders. Bivariate analyses included Spearman and 

Pearson correlations, Likelihood Ratio chi-square or t-test where appropriate, as well as non-

parametric equivalents when necessary. Multiple linear regression analyses, controlling for 

relevant covariates, was performed. A variable was considered a potential confounder and 

kept in the multivariate model if there was a 10% or more change in estimate between race 

and infant TL. Variables were also included if there were established evidence in previous 

studies of confounding in relation to TL and telomere length dynamics. Given the 

differential impact of stressors on TL among children in previous studies, we also examined 

effect modification by the sex of the infant in the race-TL relation 7, 22.

Results

71 infant blood spots were obtained; however, TL was not determined in 5 infants due to 

failure in quality control. The five infants excluded did not differ in any covariate from the 

subjects included in the final analyses. Characteristics of the sample by race are presented in 

Table I. Approximately 64% of the sample was Black and 47% of the infants were female. 

Black mothers reported significantly lower educational achievement, and they weighed 

significantly less at birth.

Infant TL was normally distributed with a mean TL of 1.77 and standard deviation of .34 

(range 2.72 to 1.12). No significant associations were found between infant TL and maternal 

or paternal age, sex of the infant, maternal education, infant birth weight or gestational age. 

Significant associations were observed between select covariates, including education and 

gestational age where mothers with higher education have infants born at later gestational 

ages (rho=0.364, p= 0.0024; Table II). As expected birth weight and gestational age were 

highly correlated (rho=0.394, p= 0.0009), as were maternal and paternal age (rho=0.636, p < 

0.0001).
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Race was not significantly correlated with gestational age or maternal or paternal age. 

However significant differences by race were found for maternal education (rho=0.322, 

p=0.0079) and birth weight, (rho=0.320, p= 0.0078) with Black mothers having significantly 

lower educational achievement and Black infants weighing significantly less at birth.

Infant TL was significantly longer in Black compared with White infants (1.8 vs. 1.6, 

p=0.0134; Figure). Although only at trend level, results reveal potential moderation by sex 

(interaction term β= -0.2303, p = 0.148). Post-hoc pairwise analyses revealed that Black 

female infant TL was longer than both male and female White infant TL ((t=-2.61, 

p=0.014), and (t=-2.68, p=0.012)). Further, Black female infant TL was significantly longer 

than Black male infant TL (t=-2.04, p=0.048). In White infants, no sex differences were 

noted in TL.

The final multivariate results are presented in Table III. Even after controlling for key 

covariates, racial differences in infant TL remained, with Blacks exhibiting significantly 

longer TL compared with White infants (β = 0.2021, SE=0.1001; t = 2.02, p=0.048).

Discussion

There are significant racial differences in newborn TL that are moderated by infant sex. This 

is consistent with adult studies. 27, 28 In agreement with our previous studies, and larger 

meta analyses indicating sex differences in TL, the sex of the infant moderated the 

association between race and TL. 7, 22, 29 Pairwise analysis demonstrated no significant sex 

differences in TL in Whites. However, Black female TL was significantly longer than all 

other groups. Our findings of longer TL in females matches data in adult studies that suggest 

females have longer TL across the life course. 30

TL, measured from infant cord blood and placental tissue, has been associated with 

gestational diabetes, premature rupture of amniotic membranes, and IUGR- all conditions 

linked to increased oxidative stress and inflammatory processes.17, 19, 20 As TL has 

independently been associated with both oxidative stress and inflammation31, 32 these 

findings suggest mechanistic pathways relating early life experiences and TL. Consistent 

with other studies we did not detect a direct association between TL and gestational age or 

birth weight,33 although rapid TL shortening may exist earlier in fetal development.34 These 

results also fit with animal studies that suggest TL in offspring are influenced by both 

genetic and maternal factors. 35

It is important to note that maternal education, parental age, and gestational age did not 

significantly alter our findings. Our results differ from the study by Okuda et al, who did not 

detect racial differences in newborn TL. 21 Notably, although not statistically significant, TL 

measurement was slightly longer in Black newborns compared with White in both cord 

blood (10.98kb vs 10.92kb) and umbilical artery tissue (10.99 vs 10.89kb). Similar to our 

study, infants in their study did not have significant differences in gestational age, but did 

differ in mean birth weight by race, however TL analyses did not control for racial 

differences in birth weight. This study, and other studies in newborns, have utilized DNA 

extracted from umbilical cord blood for TL determination. In addition to practical 
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considerations related to obtaining cord blood, the use of umbilical cord blood for telomere 

length determination raises methodological concerns related to potential confounding of TL 

measurement by the possible presence of maternal DNA and variable amounts and types of 

fetal stem cells.21, 34, 36 The failure to include critical covariates (eg, maternal age, parental 

age at conception, sex of the infant, and birth weight), combined with the differing sources 

of DNA, may explain the differing results in the current study and the study by Okuda et al.

Our study utilized DNA obtained from newborn blood spot cards for TL measurement. As 

such, dried blood spot DNA appears to be an appropriate alternative to cord blood for 

measuring newborn TL. Our findings are consistent with a previous study in adults testing 

the correlation between TL determined from DNA extracted from venipuncture with DNA 

from blood taken from a finger stick and stored on blood spot cards.25 That study also noted 

that no difference in TL were found after utilizing six different spots on a single blood card, 

indicating that sampling methodology did not alter TL measurement. TL determined from 

the blood spot card was highly correlated with DNA obtained from blood from the same 

individual utilizing a finger prick , indicating that clotting and aspects of the blood spot card 

themselves did not significantly influence TL measurement. 25 Thus, TL determination from 

blood spot cards may represent a cost effective and informative source of DNA for larger 

epidemiologic studies as well as studies in infants. Future studies should carefully examine 

the impact of blood spot storage conditions on TL measurement. Although the qPCR 

methodology may be more robust than Southern analyses of TL to DNA degradation, 

significant DNA degradation or impurities in the DNA sample can influence TL 

measurement and caution about the integrity of the extracted DNA is warranted given the 

potential for wide intra-assay variability. 37, 38

There are important limitations to this study. It is a small and relatively homogenous 

convenience sample, making it less generalizable. We also acknowledge potential over-

fitting of the model due to the number of covariates in relation to the sample size, however it 

is notable that a direct correlation between race and infant TL existed. Further, all included 

variables met either statistical criterion for confounders or were included due to extant 

evidence from molecular genetics work in relation to TL and/or previous studies of TL in 

other populations. We were not able to correct for white blood cell count or cell type 

differences in these samples. However, in a previous study of telomere length in adults, 

white blood cell count did not impact findings13 and one study of neutrophil counts in 

30,354 newborns did not detect any association between race/ethnicity and white blood cell 

count at birth.39 In the current study, sex differences were not found within the White 

subjects. Our ability to evaluate sex differences within the White racial group may have 

been influenced by sample size. However, LTL measured by Southern blot analyses in the 

Bogalusa Heart study, appeared to have greater sex differences within African American 

subjects (7.95 (female) vs. 7.81 (male)) then within White subjects (7.32 (female) vs. 7.28 

(male)), in part consistent with our current results.13 Larger studies that are adequately 

powered to assess both racial and sex differences, as well as span the life course, are needed. 

Failure to detect sex differences early in development within one racial group would have 

unique implications for research related to both health disparities and sex differences. The 

use of self-reported measures, with the potential for recall and social desirability biases, is 
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an additional limitation. Lastly, medical complications during pregnancy were not collected, 

limiting the ability to control for these factors in our analyses.

Despite heightened awareness, health disparities in birth outcomes, as well other health and 

behavioral outcomes (e.g., cardiovascular disease, diabetes) across the life course, persist.40 

The failure to achieve the goals of Health People 2010 suggests that the current models and 

efforts to identify and decrease the root causes of health disparities are inadequate and new 

approaches are needed. Although improvements have been made, the striking continued 

racial disparities, particularly in birth outcomes, indicate that much remains to be done. 41 

One hypothesis for the persistent racial gaps in health equality and birth outcomes is that 

current interventions are not addressing the underlying biological mechanisms early enough. 

Another hypothesis is that these health disparities reflect the trans-generational transmission 

of early adversity or chronic stress.42 These two hypotheses are not mutually exclusive, and 

in either case, determining the presence of racial differences in TL—an epigenetic 

biomarker of adversity and cellular aging—in newborns is a significant next scientific step 

toward reducing and eliminating health disparities. The rapidly expanding literature linking 

TL to negative health outcomes associated with both health disparities and psychosocial 

stress, when combined with our results demonstrating racial differences in newborn TL, 

suggest that TL maybe reflective of underlying biological processes contributing to the 

persistence of health disparities.

Our finding of longer newborn TL in Black infants, particularly females, initially may 

appear inconsistent with the increased negative health outcomes found in Blacks. However, 

as longer initial TL is associated with accelerated TL decline, longer newborn TL may 

increase the risk for accelerated aging, particularly with exposure to stressors, both 

psychosocial and environmental, known to impact telomere dynamics. Accelerated 

shortening of TL and an enhanced negative effect of stressors on TL within Blacks is 

consistent with the weathering hypothesis proposed by Geronimus et al, in which racial 

differences in exposure to chronic stress contribute to accelerated aging, particular in Black 

women.4327 Although Blacks have significantly higher morbidity and mortality during 

middle age, there appears to be a mortality cross over after age 70 years, where Blacks who 

live past 70 years of age appear to have improved health outcomes relative to same age 

Whites. 44 The existence of a similar cross over may be present earlier in the life course and 

represents an interesting direction of future study. An alternative consideration is that racial 

differences in the heritability of TL have been reported.13 As such, the molecular genetic 

architecture underlying TL, and therefore TL associations with health outcomes, may also 

exhibit racial differences. The specific length at which negative health outcomes appear 

could therefore differ by race, with negative health outcomes appearing when telomeres are 

relatively longer in Blacks than in Whites.

Although methodological concerns exist in TL studies 37 and the mechanistic links between 

TL and negative health outcomes are as of yet undefined, future well-designed longitudinal 

studies of TL trajectory may provide novel mechanistic insight into persistent health 

disparities. Replication of our findings in larger studies, as well as studies exploring racial 

differences in TL trajectory across development, in conjunction with factors associated with 
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TL are needed next steps. Enhanced understanding of the factors controlling telomere length 

dynamics may represent novel future research targeting the reduction in health disparities.
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Figure 1. 
Average Infant Telomere Length (TS Ratio) by Infant Race
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Table 1

Demographics

Race

Black N=42 White N=24

N (%) or mean (SD) N (%) or mean (SD) p-value

Sex of Infant

    Male 23 (55) 12 (50) 0.09

    Female 19 (45) 12 (50) 0.28

Maternal Education <0.01
*

    Less than high school 7 (17) 3 (13)

    High school graduate or GED 13 (31) 3 (13)

    Some college or vocational training 17 (40) 5 (21)

    College or professional degree 4 (10) 13 (54)

Maternal age at conception (years) 26.3 (4.4) 28.5( 6.1) 0.09

Paternal age at conception (years) 30.8 (7.1) 30.8 (5.89) 1.00

Birth weight (grams) 3143 (436) 3443 (438)
0.01

*

Gestational age (weeks) 38.8 (1.3) 39.1 (1.4) 0.40

Note.

*
P-value based on Likelihood Ratio Chi-square or t-test where appropriate

J Pediatr. Author manuscript; available in PMC 2016 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Drury et al. Page 13

Table 2

Bivariate Correlation between Key Covariates

Maternal age Race Maternal education Birth Weight Gestational age Paternal age

Maternal age ----- 0.17 0.24 0.02 0.03
0.64

***

Race -----
0.37

**
0.33

** 0.11 0.03

Maternal education -----
0.29

*
0.35

** 0.13

Birth Weight -----
0.38

** −0.02

Gestational age ----- 0.04

Paternal age -----

Spearman correlations:

*
p< .05

**
p<.01

***
p<.001
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Table 3

Final Multivariate Results – Racial Differences in Infant Telomere Length (N=64)

Parameter Estimate Standard Error Pr > |t| 95% Confidence Limits

Intercept 1.64 0.49 0.00 0.66 2.62

Race

    Black 0.20 0.10 0.05 0.00 0.40

    White Referent

Maternal age at conception (years) 0.01 0.01 0.20 −0.01 0.04

Maternal Education

    Less than high school 0.14 0.16 0.37 −0.17 0.46

    High school graduate or GED −0.11 0.13 0.41 −0.36 0.15

    Some college or vocational training 0.09 0.14 0.52 −0.18 0.36

    College or professional degree Referent

Birth weight (grams) 0.00 0.00 0.34 0.00 0.00

Sex of Infant

    Male −0.09 0.08 0.28 −0.26 0.08

    Female Referent

Paternal age at conception (years) 0.00 0.01 0.77 0.02 0.01
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