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Abstract

Purpose We examined if childhood socioeconomic status (SES) was related to adult leucocyte telomere length (TL) using the
data of 361 African American (AA) participants from the GENE-FORECAST Study. We also assessed the mediating role of
behavioral and psychosocial factors in the association between childhood SES and adult TL.

Methods Childhood SES was assessed individually by using participant’s mother’s education and occupation, father’s education
and occupation, parental home ownership, and family structure. TL was assessed using the quantitative polymerase chain
reaction method. Information on potential confounders and mediators were collected. The associations of childhood SES with
TL were assessed using multivariable linear regression models. We used path analysis to quantify and test the share of these
associations that was statistically explained by each of the mediators (participant’s educational attainment, smoking status,
physical activity, dietary habit, perceived stress, and depressive symptoms).

Results Mother’s education was associated with longer average TL (3: 0.021; 95% CI: 0.001, 0.04, p=0.038) in confounder
adjusted models. Once mediators were introduced in the model, the estimates were reduced and remained marginally significant
(3:0.017;95% CI: —0.003, 0.038, p=0.061). According to path model, approximately 19% of the effect of mother’s education on
TL (3: 0.004; 95% CI: —0.001, 0.01, p < 0.10) was mediated through participant’s own education level. No significant mediation
effect was observed for any other mediators.

Conclusions These data provide evidence that participant’s mother’s education was positively linked to adult TL in AA popu-
lation. Participant’s own educational level partially explained this association.
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Age-related chronic diseases are disproportionately prevalent
among socioeconomically disadvantaged individuals [1].
Compared to their White counterparts, African American
(AA) population are generally at higher risk for almost all
age-related chronic diseases according to the Office of
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Minority Health, Department for Health and Human
Services [2]. Although health outcome research mostly is fo-
cused on adult socioeconomic status (SES), accumulating data
implicates that disadvantageous SES during childhood also
contributes to greater risk of age-related chronic diseases [3,
4]. Pathogenesis of chronic diseases is directly associated with
cellular aging. Telomeres, which are nucleoprotein structures
at the ends of chromosomes, play a critical part in cellular
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aging and may contribute to development of chronic disease
[5, 6]. Telomeres stabilize chromosomes and maintain ge-
nome and cellular integrity [7]. Telomeres generally shorten
progressively with every cell division, and thus, telomere
length typically declines with advancement of age [8].
Telomeres can also shorten due to damage caused by oxida-
tive stress and inflammation [9, 10]. Oxidative stress and in-
flammation can be triggered by a wide range of environmen-
tal, lifestyle or health behavior, psychosocial, and social fac-
tors [9, 11]. As a result, the influence of lifestyle factors like
lack of physical activity, cigarette smoking, poor sleep, and
poor nutrition on telomere shortening have been largely stud-
ied [12—17]. Shorter telomeres have also been linked to psy-
chosocial stress, and depression disorders in large-scale epi-
demiologic studies [18-21]. A recent meta-analysis of thirty-
eight studies reported telomere length to be significantly neg-
atively correlated with lifetime depression [22]. The relation-
ship between greater perceived stress and shorter telomere
length was also reported in several studies [23-25]. While
most studies have noted a pattern of shortening of telomere
with depression and stress, there are also reports that do not
support this finding [26, 27]. Since SES persistently impacts
all these lifestyle and psychosocial factors, several studies
have assessed the link between adult SES and telomere length
[28-33]. The evidence for an association has been mixed.
Some studies have shown lower SES to be associated with
shorter telomere length [29-31] whereas others have shown
little or nonsignificant association [28, 32, 33]. Since child-
hood SES is predictive of adult SES [34], more recently, a few
studies examined the direct association between disadvanta-
geous social factors during childhood and shortening of telo-
mere to see if telomere is one of the links between early life
SES and adulthood disease [31-33, 35-37].

Different interrelated conceptual models have been pro-
posed to explain the longstanding effect of childhood SES
on subsequent age-related chronic disease morbidity and mor-
tality: timing, pathway, accumulation, and change model
[38—40]. The timing model posits that childhood is a sensitive
developmental period when individuals are most vulnerable to
the negative health-related consequences of low SES.
According to this model, childhood SES is associated with
increased chronic disease morbidity and mortality, indepen-
dent of adult SES. Alternatively, in the pathway model, early
life events and environments influence later life experiences,
opportunities, and health risk factors. This life course model
suggests that childhood SES affects adult health through its
association with adult SES, and other risk factors, such as
increased stress, physical inactivity, smoking, and poor diet.
Next, the accumulation model suggests that the health-
damaging effects of low SES accumulate over time with in-
creasing intensity and duration of exposure. Smith et al. sug-
gest that if factors operating at different life stages are com-
bined, large differences in cardiovascular disease risk will be

observed [33]. Finally, the change or the social-mobility mod-
el represents the fact that an individual’s SES is dynamic, and
it incorporates the trajectory of socioeconomic mobility across
one’s lifetime in determining disease risk. For example, down-
ward or low SES trajectories from childhood to adulthood
could be associated with increased disease risk compared with
an upward or high SES trajectory

Studies linking childhood SES and telomere length have
mostly focused on single indicators of SES, such as either
parental education or home ownership or perceived social
class [31-33, 35-37]. Therefore, the association between
comprehensive SES measures and adult telomere length often
remains unknown. Given the multidimensional nature of SES,
addressing childhood SES from a multiple perspective can
provide new insight. Furthermore, despite having higher prev-
alence of age-related chronic disease, and the overall lower
socioeconomic position compared to Whites, AA participants
were included only in few of these studies [31, 36], yet none
reported the association separately for them. More research
exclusively in AA population is especially needed given re-
cent studies indicating a faster decline in telomere length with
age in African Americans than in Whites [41-43]. Cumulative
exposure to multiple psychosocial stressors over the life
course has been suggested as possible contributors to this
faster shortening [41]. Therefore, understanding the relation-
ships between childhood SES and telomere length has the
potential to elucidate the cellular mechanisms by which early
life stressors contribute to life-shortening diseases in AA
population.

In this study, we examined if childhood SES as measured
by parental education and occupation, house ownership, and
family structure were individually related to adult telomere
length (TL) using the data of 361 AA participants from the
GENE-FORECAST (Genomics, Environmental Factors, and
the Social Determinants of Cardiovascular Disease in AA)
Study. The current analysis tested pathway model and ex-
plored potential mediating pathways linking childhood SES
and telomere shortening including adult health behavior
(smoking, dietary habit, and physical inactivity), psychologi-
cal factors (depressive symptoms and perceived stress), and
participant’s own educational attainment. As a secondary
analysis, the study also investigated the impact of social mo-
bility on adult TL.

Methods

Data Source

The GENE-FORECAST study is a community-based cross-
sectional study initiated in 2014 to investigate the genetic,

social, and environmental determinants of cardiovascular dis-
ease risk factors and phenotypes in self-identified, US born
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AA men and women. This is an ongoing study, which to date
has recruited over 550 participants aged 21-65 years, residing
in the metropolitan Washington DC, Montgomery County,
and Prince George’s County area. There were 392 participants
for whom both telomere and childhood SES data were avail-
able. In the current analyses, 31 participants were excluded
because they did not have information on other required co-
variates (Supplement Table 2). The GENE-FORECAST
study was approved by the Institutional Review Board of the
National Institutes of Health Office for Human Subjects
Research Protections (14-HG-0048); and the participants pro-
vided written informed consent.

Assessment of Childhood SES

Six aspects of childhood SES were derived from an
interviewer-administered questionnaire (Supplementary
Table 1). Participants were asked to think back on the time
while they were growing up until age 16 years and informa-
tion was obtained on father’s educational attainment, father’s
occupation, mother’s educational attainment, mother’s occu-
pation, parental home ownership, and family structure. Each
aspect of childhood SES was used as a continuous variable
where higher values corresponded to higher SES. Details of
the questions and scoring methods for assessment of child-
hood SES are summarized in Supplementary Table 1. In brief,
scores were derived for father’s and mother’s education (range
0 (least, 8th grade or below) to 7 (most, Doctorate degree)),
father’s and mother’s occupation (range 0 (nonprofessional
work) to 1 (professional or managerial work)), parental hous-
ing (range 0 (least, lived with relatives/others) to 2 (most, had
own house)), and family structure (range 0 (least, raised by
someone other than parents) to 3 (most, were raised by both
parents)). The individual SES measures were also examined
as categorical variable as sensitivity analysis (Supplementary
Table 1).

Telomere Length Measurement

Relative telomere length measurement was performed on
DNA isolated from peripheral blood leukocytes at the
Cancer Genomics Research laboratory, National Cancer
Institute, using an assay adapted from Cawthon’s published
protocol [44, 45]. TL was determination by quantitative poly-
merase chain reaction (QPCR) measures and ratio of telomere
(T) signals, to autosomal single copy gene (36B4 S) signals
(T/S), was calculated using the LightCycler software (Release
1.5.0, Roche, Indianapolis, IN, USA). This raw T/S ratio was
normalized by internal control DNA samples to yield relative
standardized T/S ratios. The detailed laboratory and quality
control procedure is summarized in supplementary section.
In this study, the intra-class correlation coefficient (ICC) be-
tween the repeated measures was 0.902 (95% confidence
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interval 0.885, 0.928) and the mean coefficient of variation
(CV%) for the technical replicates standardized T/S measures
was 4.90%.

Measurement of Covariates

Details on covariates and their assessment procedure are listed
in Supplementary Table 2. Demographic factors, including
age (years), gender, and marital status (married/partnered vs.
single/divorced/widowed), were self-reported by participants.
Body mass index or BMI (weight in kg/height in meter”) was
calculated. BMI 25.0 to <30 was defined as overweight and
BMI 30.0 or higher as obesity. Information on existing chron-
ic disease conditions (yes/no) including diabetes and hyper-
tension were obtained.

Proposed mediators included participant’s own educational
attainment, smoking status, physical activity, dietary habit,
perceived stress, and depressive symptoms. Measurement
procedures are detailed in Supplementary Table 2.
Participant’s educational attainment, smoking behavior, phys-
ical activity [38], and dietary data [46] were self-reported. The
20-item Center for Epidemiologic Studies Depression Scale
(CES-D) was used to assess the presence of depressive symp-
toms [47]. Perceived stress was assessed using the 10-item
self-reported Perceived Stress Scale (PSS) questionnaire
[48]. The internal consistency of the PSS and Depression in-
struments were analyzed with Cronbach’s alpha, which
yielded coefficient of 0.863 and 0.772, respectively.

Statistical Methods

Descriptive statistics were used for summarizing characteris-
tics of the participants. Age-adjusted regression coefficients
for demographic characteristics, childhood SES indicators,
health behaviors, and health status indicators with TL were
first examined. Next, we examined the associations of each
childhood SES measures (father’s educational attainment and
occupation, mother’s educational attainment and occupation,
parental home ownership, and family structure) with TL using
multivariable linear regression models.

We fitted 2 models for each regression model. Model 1 was
adjusted for potential confounders (participant’s age, sex,
marital status, obesity, and existing health conditions).
Model 2 additionally was adjusted for prespecified interven-
ing or mediator variables including health behavior (smoking,
dietary habit, and physical inactivity), psychological factors
(depressive symptoms and perceived stress), and participant’s
own educational attainment. Model 1 and 2 were run separate-
ly for each childhood SES indicator.

Supplementary Figure 1 shows the proposed path analysis
model through which childhood SES may impact adult telo-
mere length. Briefly, our model postulated direct and indirect
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paths from childhood SES to telomere length through several
intervening variables (smoking, dietary habit, and physical
inactivity, depressive symptoms, perceived stress, and partic-
ipant’s own education). As a sensitivity analysis, we also test-
ed Supplementary Figure 2 to examine if the outcome
changed by adding plausible pathways between participant’s
own education and their lifestyle factors (smoking, dietary
habit, and physical inactivity, depressive symptoms, per-
ceived stress). To investigate the extent to which the interven-
ing variables mediate the association between childhood SES
measures and telomere length, we performed path analysis by
using analysis of moment structure (AMOS). Detail analysis
procedure is summarized in the supplementary section.

The social-mobility framework was tested using life-course
education trajectories. The analyses used parent’s educational
level as a measure of childhood SES and compared trajecto-
ries with participant’s educational level. Each education mea-
sure was dichotomized as follows: parent’s educational level,
low (high school graduate or less) vs. high (some college or
above); participant’s educational level, low (some college or
less) vs. high (4 year college or higher); These categorizations
were based on previously used theoretical foundations of tra-
jectories in life-course epidemiology [39]. Four potential SES
trajectories were investigated: stable high SES (high child-
hood and high adulthood), declining SES (high childhood
and low adulthood), increasing SEP (low childhood and high
adulthood), and stable low SES (low childhood and low
adulthood).

Results
Sample Characteristics

Our final study sample comprised 361 participants that had
complete data for all variables. Participant’s demographic
characteristics, childhood SES indicators, health behaviors,
and health status indicators distributions with age-adjusted
regression coefficients for associations with TL are detailed
in Tables 1 and 2. Mean age of our participants was 48.50
years (SD = 11.46; range =22 to 65). The majority of our
participants were females (70.6%, n= 255), 30.5% were mar-
ried or partnered (n =110), and 62.9% reported to have four-
year college education or beyond. In this sample, almost 87%
were either overweight or obese, while about 9% and 41.6%
reported having diabetes and hypertension, respectively. In
terms of childhood SES indicators, mothers of participants
were slightly more likely to have higher education than fathers
of the participants (i.e., 29% of mothers having 4 year college
or higher education vs. 24.4% of fathers). More than two-
thirds of the participant’s parents owned a house. About
22% were raised by a single mother compared to only 4.2%
by a single father. Most of the participants, however, were

raised by both parents. Age was significantly inversely asso-
ciated with TL (p < 0.001). In age-adjusted models, being
female, participant’s higher education, and their mother’s
higher education were associated with longer TL (p < 0.05).

Childhood SES, TL, and mediation

Table 3 shows adjusted mean differences of TL associated
with childhood SES measures. Estimates correspond to mean
differences in T/S ratio of TL per each unit increase in child-
hood SES component. After controlling for age, gender, mar-
ital status, and health conditions, such as BMI, diabetes, and
hypertension, a one-unit increase in mother’s education was
associated with an average increase of 0.021 T/S ratio in telo-
mere length (regression coefficient 3 0.021; 95% CI 0.001,
0.04, p =0.038). Regression coefficients for the confounders
are provided in Supplementary Table 4. Once mediator vari-
ables (participant’s education level, physical activity, dietary
habit, smoking status, depression score, and PSS) were
introduced in the model, the estimate was reduced and
remained marginally significant (3 0.017; 95% CI
—0.003, 0.038, p = 0.061). Other individual components
of the childhood SES, such as father’s education, paren-
tal occupation, parental homeownership, and family
structure, had no association with TL.

Similar patterns of associations were noted when childhood
SES was treated categorically (Supplementary Table 5).
Compared to the reference group (lowest education group),
participants whose mother had medium education (some col-
lege) had significantly longer TL both in model 1 (3 0.119;
95% CI1 0.016, 0.222, p = 0.021) and in model 2 (5 0.118;
95% CI 0.015, 0.222, p = 0.025). Highest education group,
however, showed marginal association with 0.071 T/S ratio
longer TL compared the reference group in model 1 but did
not reach statistical significance in model 2. We tested for the
statistical interactions between participants’ age and mother’s
education on participant’s TL. To examine the variation by
gender, interaction between mother’s education and partici-
pant’s gender was also checked. To evaluate the interactions,
we added main effects and cross-product terms to the regres-
sion after adjusting for all the confounding and mediator var-
iables. P values for each interaction term and F' tests compar-
ing full and reduced models (with and without the interaction
term) were used to test the statistical significance of the inter-
action terms. We found no evidence of effect modification by
age or by gender in associations between mother’s education
and TL.

Path Analysis
The path analysis model (Fig. 1) assessed the role played by

potential mediators, explaining the associations between
childhood SES indicators and adult TL. Path analyses were
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Table 1 Descriptive statistics of
demographic characteristics and
childhood SES indicators of study

participants with age-adjusted
mean differences (95% CI) in TL
(n=361): the GENE-FORECAST
study

Percentage/mean (SD) ~ Frequency  'Age adjusted mean difference in
TL, § (95% CI) p

Age 48.50 (11.46)
Gender female 70.6 255 0.105 (0.026 to 0.184) 0.009
Married/partnered 30.5 110 —-0.01 (=0.09 to 0.07), 0.875
Participant’s education

0-12 years/high school diploma 9.7 35 Reference

Some college 27.4 99 0.08 (—0.053 t0 0.214) 0.234
4 year college or higher 62.9 227 0.16 (0.036 to 0.283) 0.012
Childhood socioeconomic status

Father’s education

0-12/ high school diploma 61.8 223 Reference

Some college 13.9 50 0.047 (-0.06 to 0.156) 0.387

4 year college or higher 24.4 88 0.021 (=0.067 to 0.11) 0.638
Mother’s education

0-12/high school diploma 54.3 196 Reference

Some college 16.6 60 0.135 (0 .033 to 0.238) 0.01
4 year college or higher 29.1 105 0.076 (0.01 to 0.162) 0.071
Father’s occupation

Professional/managerial 36.6 132 —0.005 (-0.081 to 0.071) 0.884
Mother’s occupation

Professional/managerial 35.2 127 —0.014 (-0.091 to 0.062) 0.709
Home ownership

Lived with relatives/other 1.4 5 Reference

Lived in a rented house 29.6 107 0.192 (=0.12t0 0.51) 0.23

Lived in own house 69.0 249 0.195 (-0.12t0 0.51) 0.21
Family structure/raised by

Someone other than parents 32 12 Reference

Single father 42 15 0.239 (=0.032 to 0.51) 0.098

Single mother 222 80 0.098 (—0.122 to 0.317) 0.38

Both parents 70.4 254 0.149 (—0.061 to 0.36) 0.16

SES socioeconomic status, 7L leukocyte telomere length

'Values are age-adjusted regression () coefficients (95% CIs) and p values for associations of demographic
characteristics and childhood SES with TL

performed for mother’s education only, since the other SES
indicators did not have any significant association with TL as
seen in Table 3. The upper half of the path model shows the
relation between mother’s education and the mediators and
the lower half shows the effects of each individual mediator
on the adult TL. According to the model, mother’s education
was positively associated with mediators such as participant’s
own education and their dietary habit and was negatively as-
sociated with participant’s smoking status. However, only one
of these mediators, participant’s education (3 0.032; 95% CI
—0.003, 0.068, p = 0.06), remained associated with TL at
significance level of 0.10 as can be seen in the lower half of
the path model, suggesting partial mediation by this factor.
Therefore, the association between mother’s education and
telomere length was not significantly mediated by diet, phys-
ical activity level, smoking habit, depression, or PSS in our
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sample. We also showed the estimated direct, indirect and
total effects of mother’s education and composite score on
adult TL with 95% CI from the path analysis in Table 4. As
apparent from the path analysis, the associations between
childhood SES and adult TL were mainly mediated by partic-
ipant’s own education (About 19% mediation where total in-
direct effect: (3: 0.004; 95% CI: -0.001, 0.01, p=0.09).
RMSEA of the path models was 0.08 indicating a good fit
with data. The NFI and the CFI estimates were however, low-
er than 0.90, indicating an acceptable model fit.

The result of sensitivity analysis (Supplementary Figure 3)
shows that participant’s own education was associated with diet,
smoking habit, depression, and PSS. However, none of these
health behavior or psychological factors had any significant as-
sociation with TL. Therefore, participant’s own education had
no indirect or mediating effect through any of these factors.
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Table 2 Health behavior and
disease conditions of study
participants with age-adjusted
mean differences (95% CI) in TL
by health behavior and disease
conditions (n=361): the GENE-
FORECAST study

Social-Mobility Framework

For the social-mobility framework, we report mother’s educa-
tional level and compared trajectories with participant’s edu-
cational level as only mother’s education was significantly

Table 3 Associations between
childhood SES indicators and
leukocyte telomere length without
(model 1) and with (model 2)
additional adjustment for
mediator variables, estimated
from multivariable regression
models (n=361): the GENE-
FORECAST study

Percentage/mean (SD) Frequency Age adjusted mean difference in
TL, B (95% CI) p

Smoking status
Never 78.1 282 Reference
Past 15.0 54 —0.003 (—0.11 to 0.09) 0.943
Current 6.9 25 —0.029 (=0.17 to 0.12) 0.69
Physical activity during leisure
Much less than others 6.4 23 Reference
Less than others 36.0 130 0.064 (—0.09 to 0.22) 0.417
The same as others 41.6 150 0.095 (—0.06 to 0.24) 0.226
More than others 11.1 40 0.143 (—0.04 t0 0.32) 0.118
Much more than others 5.0 18 0.031 (—0.19 to 0.24) 0.78
Dietary habit
Poor 8.3 30 Reference
Fair 36.8 133 —0.034 (—0.17 t0 0.11) 0.645
Good 36.8 133 —0.024 (—0.17 t0 0.12) 0.733
Very good 152 55 0.066(—0.09 to 0.22) 0.417
Excellent 2.8 10 0.015 (—0.27 to 0.24) 0.531
Hypertension 41.6 150 —0.06 (—0.14 t0 0.02) 0.12
Diabetes 8.9 32 0.014 (=0.11 to 0.14) 0.829
2Obesity/overweight
Normal 13.30 48
Overweight 32.96 119 0.047 (=0.071 to 0.16) 0.435
Obesity 53.74 194 —0.01 (=0.112 to 0.109) 0.872
3Depressive score 8.41 (7.2) 0.003 (—0.93 t0 6.62), 0.16
PSS 12.57 (6.41) 0.004 (=0.001 to 0.01), 0.12

TL telomere length, PSS Perceived Stress Score

! Values are age-adjusted regression () coefficients (95% Cls) and p values for associations of health behavior
and disease conditions with TL

2 Overweight was defined as body mass index (BMI) greater than or equal to 25 and obesity as BMI greater than

or equal to 30

? Depressive score was calculated from the 20-item Center for Epidemiologic Studies Depression Scale (CES-D)

4 PSS was assessed using 10-item self-reported Perceived Stress Scale (PSS) questionnaire

associated with adulthood TL. In our analysis, participants
with a stable high SES (5 0.12; 95% CI 0.03,0.23, p =0.01)

demonstrated having increased T/S ratio compared with wom-
en with a stable low SES (Table 5) after adjusting for all the
confounders. After adjustment for all mediators as well, the

Modell Model 2

B (95% CI) P value B (95% CI) P value
Mother’s education 0.021 (0.001, 0.04) 0.038 0.017 (=0.003, 0.038) 0.06
Father’s education 0.007 (-0.012, 0.026) 0.467 0.004 (-0.016, 0.023) 0.723
Mother’s occupation —0.011 (-0.087, 0.066) 0.544 —-0.027 (-0.105, 0.051), 0.493
Father’s occupation —-0.002 (-0.075, 0.077) 0.902 —-0.003 (-0.08, 0.073) 0.926
Home ownership 0.011 (—0.061, 0.084) 0.759 0.004 (-0.071, 0.078) 0.923
Family structure 0.029 (-0.021, 0.081) 0.254 0.034 (-0.018, 0.087) 0.206

Values are multivariable-adjusted regression (3) coefficients (95% Cls)

Childhood SES indicators entered into the model as continuous variable

Model 1 adjusted for age, marital status, sex, BMI, and presence of hypertension and diabetes

Model 2 adjusted for the covariates of model 1 plus the specified mediator variables (education level, physical
activity, dietary habit, smoking status, depression score, and PSS)

SES socioeconomic status, PSS Perceived Stress Score
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Table4 Estimation of indirect, direct, and total effects of childhood SES on telomere length and the proportion of the effects attributable to mediators
from the path analysis: the GENE-FORECAST study

'Direct effect ?Total indirect effect *Total effect “Percentage of mediation

B (95% CI) P value
Mother’s education 0.017 (-=0.003, 0.035) 0.06

B (95% CI) P value
0.004 (-0.001,0.01) 0.10

B (95% CI) P value

0.021 (0.004, 0.036) 0.038 19.04%

Values are regression 3 coefficients (95% Cls) derived from path analysis. Mediation analyses were tested by using bootstrapping methods with bias-
corrected confidence estimates

SES socioeconomic status, 7L telomere length, PSS Perceived Stress Score
! Derivation of direct effects. In the path model, the effect size (coefficient) of a direct path is the regression coefficient between two variables

2 Derivation of indirect effects. In the path model, the effect size (coefficient) of an indirect path is evaluated by calculating the product of the coefficients
along that path

3 Derivation of total effects. Direct and indirect effects were combined to derive the total effect

“ The proportion of the associations between mother’s education and TL attributable to the mediator variables. Mediator variables are education level,
physical activity, dietary habit, smoking status, depression score, and PSS of participants

association remained significant/strong (5 0.11; 95% CI 0.03,
0.26, p =0.02). For declining or increasing SES categories, no
association was observed.

association but there was little evidence of mediation by par-
ticipant’s health behavior and psychological factors. Other
childhood SES measures had no association with TL.

Social-mobility analyses indicated that participants with high
mother’s education and high own education had longer TL
compared to their lower SES counterparts.

Studies linking childhood SES to adult telomere length var-
ied in the included age groups, study settings, and criteria for
classifying childhood SES. Although few studies included AA
participants, race-specific association was not available. Studies
also used disparate sampling and analyzing methods to measure

Discussion

The present study provides evidence of a positive association
between participant’s mother’s education and TL in AA adult
population. Results from path analysis indicated that partici-
pant’s own educational level partially mediated this

Mother’s education

0.13%*+ 0.03%H
ek V. -
0.04% 0.06 0.10 0.42%
v
Dietary habit | v
A Depressive
Participant’s v Symptoms
Educational | Smoking
Level v A
; Perceived
Ph)'lsy:al 0.017* erceive
activity stress
0.023 0.016
0.011 0.002
0.032* y y y v 0.003
Telomere Length -

SES=Socioeconomic Status TL= telomere length, PSS=Perceived stress score

The regression equations, with the potential mediators and telomere length as the outcome, are represented by
single-headed arrows. Coefficients with significance levels (*P value < 0.10 and ** P value < 0.05) are presented
beside each arrow. The product of the coefficients along a compound path reflects the total weight of that path. All
of the regression equations involved in the path analysis model (for TL and all of the mediators) were adjusted for
individual participant’s age, marital status, sex BMI, and presence of hypertension and diabetes

Fig. 1 Estimated path analysis model showing the associations between mother’s education, potential mediators, and leukocyte TL (#=361): the GENE-
FORECAST study
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Table 5  Associations between social mobility of socioeconomic status leukocyte telomere length without (model 1) and with (model 2) additional
adjustment for mediator variables, estimated from multivariable regression models (#=361): the GENE-FORECAST study

Modell Model 2
Mother’s educational level/participant’s 3 (95% CI) P value 3 (95% CI) P value
educational level
Low/low (stable low SES) Reference Reference
High/low (declining SES) 0.016 (—0.081, 0.122) 0.624 0.006 (—0.081, 0.122) 0.738
Lowr/high (increasing SES) 0.039 (—0.057, 0.135) 0.427 0.033 (-0.081, 0.122) 0.288
High/high (stable high SES) 0.127 (0.029, 0.225) 0.008 0.121 (0.027, 0.241) 0.011

Values are multivariable-adjusted regression (3) coefficients (95% ClIs)

Model 1 adjusted for age, marital status, sex, BMI, and presence of hypertension and diabetes

Model 2 adjusted for the covariates of model 1 plus the specified mediator variables (education level, physical activity, dietary habit, smoking status,

depression score, and PSS)
SES socioeconomic status, PSS Perceived Stress Score

telomere length. Therefore, direct comparison of the existing
literature with results of our study might not be always pertinent.
Nevertheless, our findings are consistent with a recent study,
where researchers found mother’s education to be associated
with longer telomere length among a racially diverse sample
of 81 pregnant women [36]. However, unlike ours, this study
found association with father’s education as well. Parental
homeownership had no impact on TL in our study participants.
In contrast, shorter duration of parental homeownership was
associated with adulthood shorter telomeres in a study of 135
White men and women [37]. Unlike ours, some studies reported
effect modification by age. For example, two studies among
Scottish and English White populations found that parental so-
cial class was linked with telomere length in a cohort of adults
approximately age 35; however, this relationship was not ob-
served among older cohorts, suggesting effect modifying role of
participant’s age [32, 33].

Our results also suggested that the impact of mother’s ed-
ucation on adulthood TL was partially mediated by the partic-
ipant’s own educational level. This finding was largely con-
sistent with available literature supporting the pathway frame-
work of early life socioeconomic circumstances on individ-
uals” SES and lifestyle in adulthood, which in turn impact
adult health [38, 39]. With regard to the social-mobility SEP
framework, we found participants with upward social mobil-
ity or with stable high SES (high mother’s and high own
education) had longer TL than stable low SES (low mother’s
and low own education). Prior studies have similarly reported
that upward and stable high SES trajectories from childhood
to adulthood were associated with decreased adulthood dis-
ease risk compared with a stable low SES trajectory [49, 50].

Several potential biological mechanisms may underlie the
association we observed between mother’s education and par-
ticipant’s TL. For example, exposure to socioeconomic bur-
den in early life due to mother’s lower education may

contribute to biological dysregulation of children through cer-
tain inflammatory regulators or through disruption of the
hypothalamic-pituitary-adrenal axis causing epigenetic
changes in glucocorticoid receptors [51]. This may interrupt
the glucocorticoid activity, and increase inflammation and ox-
idative stress. Several studies have demonstrated that in-
creased inflammations and oxidative stress are major risk fac-
tors of telomere shortening [9, 10]. It is also important to note
that, cortisol, the most important glucocorticoid has been as-
sociated with telomere enzyme activity and can disrupt stabi-
lizing TL [52]. Lastly, it is possible that genetic factors could
also modulate the associations of mother’s education with
adult TL [53]. TL is a highly heritable trait and is strongly
influenced by genetic factors [54, 55]. It would be important
for future studies to consider the role of genetic variants and
genetic ancestry in modulating the associations of mother’s
education with TL.

Although mother’s education was positively linked to adult
TL in our analysis and the association was partially mediated
through participant’s own education level, we did not find any
mediating role of health behaviors, stress, and depression.
Health behavior is a major determinant of morbidity and mor-
tality in the USA and could strongly be patterned by child-
hood SES [56]. Associations of adult health behavior and
psychological factors with TL have been examined previous-
ly, but the results have been inconsistent. For example, current
smoking was associated with shorter TL in some [12, 13] but
not all studies [14, 15]. Similarly, mixed results were reported
for physical activity [14-16], dietary factors [14, 15, 17], and
stress levels [22, 26, 27]. In our analysis, mother’s education
was associated with most of these factors. But as none of them
had any impact on TL after controlling for the confounding,
they did not mediate the association between mother’s educa-
tion and adult TL. The lack of association that we observed
between the health behaviors, stress, and depression with TL
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could be due to the fact that majority of the variation in adult
TL occurs very early in life, providing little opportunity for
adult behavior to substantially impact TL [57]. It could also be
due to cross-sectional nature of the study. Behavior patterns
are associated with different rates of telomere attrition. We did
not have longitudinal TL data to calculate the rate. We also did
not have the measures of these health behavior over the life
course to adjust for residual confounding. It is also possible
that few of our variables, such as dietary habit and physical
activity, where we used Single Global Questions did not cap-
ture the actual complexities of these variables and contributed
to the diluting of the association.

We addressed both parent’s educational and professional
attainment. This is important as most existing research focuses
on father’s SES and often ignores mother’s SES. A meta-
analysis of 29 studies examining the effects of low childhood
SES on adult health found that father’s educational attainment
and occupation was the most commonly used indicator of SES
during childhood [58]. Although research has shown that both
parent’s educational level can affect the health during child-
hood and adulthood, we found mother’s education to be asso-
ciated with longer TL. The stronger association that we ob-
served with mother’s education could be due to several under-
lying factors. During the past few decades, particular attention
has been given to intrauterine conditions influencing the fu-
ture health of the offspring. Unfavorable intrauterine condi-
tions, which could be due to due to different maternal health-
related factors like undernutrition, maternal stress, maternal
smoking, and maternal exposure to toxins, not only affect
immediate birth outcomes but also can lead to children’s
aging-related disorders and telomere shortening [59, 60]. A
number of research studies show that maternal health-related
factors are directly caused by maternal unhealthy lifestyle and
maternal education level. Mother’s education could also be a
stronger determinant than their father’s education given the
early development of behavior patterns in AA population.
Studies showed that in AA families, mother’s involvement
in parenting, and support are more stable in their distribution
than father’s and thereby mother’s education could have more
contribution on adult health of their children [61].

The main limitation of our study was its cross-sectional
design and the lack of longitudinal data to assess whether
childhood SES was related to the rate of change in telomere
shortening or if there were any innate individual variation in
telomere length. Therefore, longitudinal studies with repeated
measures of TL are needed to determine whether the observed
associations are causal and, if so, to identify the specific mech-
anisms involved. Also, our study measured telomere length
only in leukocytes. Whether these associations can be extrap-
olated to all other tissues is unclear. Studies have, however,
demonstrated strong correlations between TL and telomere
length in other tissues, such as vascular wall, synovial tissue,
skin, and umbilical artery [62, 63] Furthermore, TL measure
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using Cawthon’s qPCR technique is subject to measurement
errors thus may mask true associations between mother’s ed-
ucation and TL, although this is less likely since our TL mea-
sure had higher accuracy with small coefficient of variations.
The participants of the GENE FORECAST cohort are not
representative of the general population of AAs with regard
to the socio-demographic spectrum observed. In particular,
people who experienced extreme poor SES in early life prob-
ably are underrepresented in this study. It has been suggested
that adult recall of parental SES might be subject to error.
Therefore, errors in remembering early life SES may also have
biased results [64]. The continuous measures of SES relied on
the assumption that ordinal or the interval-level of SES mea-
surements were equally spaced. However, treating such vari-
ables, especially measures of education as continuous, is very
common and well supported in literature [65].

The major strength of our study is that our data came from a
well-characterized sample of African Americans, which is
vastly understudied but has high prevalence of age-related
chronic diseases including obesity, diabetes, hypertension,
and others. To our knowledge, the current analysis is the first
study to evaluate this association between childhood SES and
adult TL explicitly and exclusively in AA participants; thus,
our findings contribute new evidence to the limited knowl-
edge in this research topic. We tested pathway and social
mobility models and we found consistent results indicating
that mother’s education impacts participant’s adult TL and
participant’s own education plays a mediating or a joint effect
in this association. Strength of the study also includes use of
SES measures from six different aspects from both the parents
which allowed for a more nuanced and comprehensive assess-
ment. Most of the previous studies focused on a single child-
hood SES indicator from either maternal or paternal side. We
used cross-sectional data for the present study. However, our
study is strengthen by the fact that reverse causation between
SES and adulthood TL is unlikely for the findings as child-
hood SES exposure preceded the adulthood TL.

In conclusion, the present study provides new evidence that
childhood socioeconomic conditions, especially mother’s ed-
ucation, may have lasting consequences for aging and health
throughout the life. The observations reported here are consis-
tent with the hypothesis that telomere might link childhood
SES to age-related chronic disease risk in AA population and
speak to a need for further examining the role of other path-
ways with longitudinal data.
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