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Abstract

Objective—To examine the association between depressive symptoms and salivary telomere
length in a probability sample of middle-aged and older adults, evaluate age and sex as potential
moderators of this association, and test whether this association was incremental to potential
confounds.

Methods—~Participants were 3,609 individuals from the 2008 wave of the Health and Retirement
Study. Telomere length assays were performed using quantitative real-time polymerase chain
reaction (QPCR) on DNA extracted from saliva samples. Depressive symptoms were assessed via
interview, and health and lifestyle factors, traumatic life events, and neuroticism were assessed via
self-report. Regression analyses were conducted to examine the associations between predictor
variables and salivary telomere length.

Results—After adjusting for demographics, depressive symptoms were negatively associated
with salivary telomere length (6= -.003, p = .014). Furthermore, this association was moderated
by sex (b= .005, p=.011), such that depressive symptoms were significantly and negatively
associated with salivary telomere length for men (6= -.006, p < .001) but not for women (6= -.
001, p=.644). The negative association between depressive symptoms and salivary telomere
length in men remained statistically significant after additionally adjusting for cigarette smoking,
body mass index, chronic health conditions, childhood and lifetime exposure to traumatic life
events, and neuroticism.

Conclusions—Higher levels of depressive symptoms were associated with shorter salivary
telomeres in men and this association was incremental to several potential confounds. Shortened
telomeres may help account for the association between depression and poor physical health and
mortality.
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Introduction

Depression is a common and serious mental health problem. Worldwide, the lifetime and
annual prevalence of major depressive episode is estimated at 14.6% and 5.5% in high-
income countries and 11.1% and 5.9% in low-income countries, respectively (1). Depression
is associated with a variety of physical health problems, including cardiovascular diseases
(2) and type 2 diabetes mellitus (3), and with increased risk of mortality (4, 5).

Telomere biology may help to explain the association between depression and physical
health and mortality. Telomeres are DNA-protein structures located at the ends of
chromosomes that serve to maintain DNA integrity during cell division (6). Telomeres
shorten with successive cell divisions, and gradual shortening of telomeres after each cell
division eventually can lead to a loss of cellular division capacity and cell death (6).
Consequently, telomere length has come to be viewed as a biomarker of cellular aging (7, 8),
as well as a potential biomarker for factors that contribute to aging and age-related diseases
(6). A meta-analysis of 124 cross-sectional and 5 longitudinal studies evaluating the
association between age and telomere length reported a yearly loss of 24.7 base pairs (9).
Meta-analytic results further indicate that shorter telomere length from DNA extracted from
blood (i.e., leukocyte telomere length) is significantly associated with cancer (10),
myocardial infarction, stroke, and type 2 diabetes mellitus (11), as well as with mortality
(12). Although much of the research on telomere length and health conditions has been
cross-sectional, longitudinal studies have shown that shorter telomeres are associated with
the incidence of age-related health conditions (e.g., 13), suggesting that accelerated cell
aging, as indexed by shorter telomere length, may be a determinant of early onset of diseases
of aging (6, 8). Consequently, understanding factors that may accelerate or ameliorate
telomere shortening has become an important focus of researchers interested in
understanding aging and age-related illness.

Prior research suggests that depression is associated with leukocyte telomere length.
Researchers have examined both depressive symptoms and clinical diagnosis of depression,
and a meta-analysis of 30 effect sizes yielded a combined weighted effect size (s) of —.12
between depression and telomere length (14). Furthermore, there were no statistically
significant differences in weighted effect sizes between studies that used self-report to
measure depression versus those that used an interview or diagnosis, or between studies that
examined correlations between telomere length and depressive symptoms versus group
comparisons in telomere length.

This study was conducted to expand research examining the association between depression
and telomere length in several directions. First, whereas prior studies have evaluated
telomere length obtained from DNA extracted from blood leukocytes, we examined the
association between depression and telomere length obtained from DNA extracted from
saliva. Saliva contains both white blood cells and epithelial cells (15), and therefore has both
similarities and differences to previously used sources of DNA in studies examining the
association between depression and telomere length. Presumably, the differences in
leukocyte telomere length associated with depression (and other health outcomes) would be
found in DNA extracted from other cells, but this hypothesis remains to be tested.
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Second, we examined demographic moderators of the association between depression and
salivary telomere length, as it seems reasonable to expect that the strength of the association
may vary among individuals. For example, in the meta-analysis of the association between
depression and telomere length, stronger associations were observed in studies that had
samples with lower mean age (14), and a study that examined the association between
depressive symptoms and telomere length in three age cohorts found that symptoms were
associated with telomere length only in the youngest cohort (16). Therefore, we examined
whether age moderated the association between depression and salivary telomere length. In
addition, we examined whether this association was moderated by sex. A meta-analysis of
the association between depression and mortality in community samples found that this
association was larger for men than for women (4). If shortened telomeres may partially
account for the association between depression and poor health and mortality, then the
strength of the association between depression and telomere length would be expected to be
greater in men than in women.

Third, we sought to rule out several potential confounds of the association between
depressive symptoms and salivary telomere length. It is possible that this association is
secondary to confounding factors, as prior research has shown that leukocyte telomere
length is associated with a range of demographic, environmental, behavioral, and
psychosocial factors (for a review, see 17). For example, leukocyte telomere length is
negatively correlated with age (9) and positively correlated with educational attainment (18),
and on average, longer telomeres have been found in women relative to men (19) and in
African Americans relative to Whites (20). Furthermore, telomere length is associated with
lifestyle factors such as cigarette smoking (21) and body mass index (BMI) (22), as well as
with indicators of stress (23) and personality factors such as neuroticism (24). Given that
many of these same variables are associated with depression, it is possible that the
association between depression and telomere length is secondary to these other variables. In
the current study, we examined the association between depressive symptoms and salivary
telomere length, statistically adjusting for several variables that may account for this
association.

In summary, this study was conducted to (a) examine the association between depressive
symptoms and salivary telomere length in a probability sample of people = 50 years of age;
(b) evaluate age and sex as potential moderators of this association; and (c) rule out
demographic variables, lifestyle factors, chronic health conditions, traumatic life events, and
neuroticism as rival explanations for this association.

Materials and Methods

Participants

Participants were drawn from the Health and Retirement Study (HRS), which is a multistate
probability cohort sample of households in the United States including at least one person
over the age of 50. In 2008, a random half of HRS households were preselected to
additionally participate in an Enhanced Face-to-Face Interview, which included a
questionnaire on psychosocial topics and collection of saliva samples. Data were collected
from more than one member of the household in nearly half of the remaining households. To
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Measures

account for nonindependence of household data, we selected for analyses all people for
whom data were available for only one household member and, for each multi-participant
household, we selected at random one member. We excluded data from 12 people who had
missing data on the measure of depressive symptoms, leaving a final sample of 3,609
people. Descriptive information for the sample is provided in Table 1.

Telomere Length (25)—Telomere length was measured from saliva; prior research has
shown that the quality of DNA from saliva samples is comparable with blood samples (26,
27). Salivary telomere length correlates with leukocyte telomere length (28, 29) and positive
correlations are observed for telomere length measured in leukocytes, skeletal muscle, skin,
and subcutaneous fat (30). In addition, salivary telomere length correlates with (a) other risk
factors for adverse health outcomes (e.g., familial risk for depression; 31); (b) known
correlates of telomere length as measured by blood leukocytes, including age (32), tobacco
smoking (32), perceived stress (32), other measures of adversity and disadvantage (28, 29);
and (c) hypothalamic-pituitary axis (HPA) dysregulation (i.e., coritsol reactivity to stress;
31). Saliva samples were obtained using an Oragene® Collection Kit, and were sent to a
central laboratory for DNA extraction. The average DNA concentration of the Oragene
saliva samples was 64.72 pg/mL, and the typical DNA yield was 14.65 pg. DNA samples
were sent in 96 well plates to Telome Health, where they were stored in original plates in an
—80° freezer upon arrival and assayed within 1 week. Telomere length assays were
performed using quantitative real-time polymerase chain reaction (QPCR), adapted from a
method by Cawthon (33) and described in detail elsewhere (34). Ratio of telomere sequence
copy number in each respondent’s sample (T) to a single gene copy number (S) was
determined. T/S ratio is proportional to mean telomere length. Genomic DNA from pooled
100 male donors was used as the standard reference. A triplicate serial dilution was made to
create a 6-point standard curve containing 5, 1.6667, 0.5556, 0.1852, 0.6173 and 0.02058 ng
of DNA respectively in each reaction tube. The accepted quality control criteria of PCR
amplification efficiency was >75% for T runs and >80% for S runs (with mean amplification
efficiencies of 0.88 [SD = 0.32] and 0.94 [SD = 0.33], respectively), and the inter-assay
variability (coefficient of variation) acceptance criterion was <12.5%. Quality control
success rate was 98.17%. Coefficients of variation for mean T/S ratios of quality control
samples ranged from 3.5% to 6.3%. Because salivary telomere length was not normally
distributed in this sample, data were transformed using the natural logarithm to improve
normality, which is consistent with other studies on salivary telomere length (32).

Depression—Depressive symptoms were measured with an adapted version of the Center
for Epidemiologic Studies Depression Scale (CES-D; 35). The HRS used an abbreviated 8-
item version of the scale, which was designed to reduce the length of survey interviews for
elderly respondents while measuring the continuum of symptoms captured by the original
scale (36). The original four-level response format of the CES-D was changed to a Yes/No
response format in the HRS to simplify telephone administration of the measure (37). The
CES-D is scored by summing the number of “yes” answers across the eight items (with
positive items reverse-scored); scores range from 0 — 8, with higher scores indicating more
severe symptoms. The abbreviated scale has comparable reliability, validity, and
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dimensionality to the full version (38), and a cutoff of =4 on the HRS 8-item, Yes/No
version of the CES-D corresponds to a cutoff of =16 on the 20-item CES-D, typically used
for defining clinically elevated levels of symptoms (37). Cronbach’s alpha for the current
sample was .81.

Body Mass Index—Participants were asked their height and weight, and body mass index
(BMI) was based on their self-report using the formula, BMI = [weight in pounds/(height in
inches)?] x 703. HRS interviewers measured height and weight for a subset of 3,404 people
and BMI derived from self-report was highly correlated (r=.90) with BMI derived from
measured height and weight.

Health Conditions—Chronic health conditions were assessed with interview questions, in
which participants were asked, “Has a doctor ever told you that you have ....” (a) diabetes or
high blood sugar; (b) cancer or a malignant tumor, excluding minor skin cancer; (c) a heart
attack, coronary heart disease, angina, congestive heart failure, or other heart problems; and
(d) a stroke. We used dummy coding (0 = no, 1 = yes) to classify lifetime history of each
condition.

Childhood Traumatic Life Events—Traumatic events occurring during childhood were
measured with a checklist, in which participants were asked to indicate whether each of four
events (e.g., parents drink or use drugs so often that it caused problems in the family;
physically abused by either of your parents) had occurred before they were 18 years old.
Items were taken from an ongoing longitudinal study on the health consequences of trauma
in older adults (39) and events such as these are common to many measures of traumatic life
events. Exposure to traumatic life events before the age of 18 was calculated by summing
the number of events checked as having occurred, with scores > 2 recoded as 2, due to the
small number of people who experienced more than 2 childhood traumatic life events.

Lifetime Traumatic Life Events—L.ifetime exposure to traumatic events was measured
with a checklist, in which participants were asked to indicate whether seven traumatic life
events (e.g., major fire, flood, earthquake or other natural disaster; life-threatening illness or
accideni) had occurred at any point in their life. Events such as these are common to
measures of traumatic life events (39). Lifetime exposure to traumatic life events was
calculated by summing the number of events checked as having occurred, with scores >4
recoded as 4, due to the small number of people who experienced more than 4 traumatic life
events.

Neuroticism—Personality was measured with an adjective measure developed for the
Midlife Development in the United States survey by selecting adjectives that (a) were most
consistently identified in the literature as trait markers for Big Five personality traits in
existing personality trait lists, and (b) demonstrated the highest factor loadings or item-total
correlations during scale construction in 1994 in a United States probability sample of 1,000
people between the ages of 30 and 70 (40). The neuroticism scale consists of four adjectives
(moody, nervous, calm, worrying) that were rated on a 4-point scale indicating how well
each adjective described the respondent (1 = not at all, 4 = a /o). Iltems were reverse scored
as necessary and averaged to create a total score, with higher scores indicating higher
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standing on the measure (a = 74). This scale significantly correlates with the neuroticism
scale from the NEO Personality Inventory Short Form (see http://www.brandeis.edu/
departments/psych/lachman/pdfs/revised-midi-scales.pdf).

Demographics—Standard questions were administered to assess for age, sex, race (coded
as White, Black, other), ethnicity (Latino/Hispanic, not Latino/Hispanic), and years of
education.

Statistical Analysis

RESULTS

The association between depressive symptoms and salivary telomere length was examined
using linear regression. In Model 1, we regressed telomere length on the continuous measure
of depressive symptoms, statistically adjusting for demographics. Because statistical
interactions qualify the interpretation of a main effect, we then evaluated whether the
association between depressive symptoms and salivary telomere length was moderated by
age or sex (Model 2). Multiplicative interaction terms were created and entered into the
regression analyses, controlling for the component terms (and other demographics); age and
depressive symptoms were mean deviated prior to creating the interaction terms (41). If the
main or moderated association between depressive symptoms and salivary telomere length
was statistically significant, we then evaluated the covariation between depressive symptoms
and salivary telomere length, additionally accounting for lifetime cigarette smoking (based
on participant report), BMI, chronic health conditions, childhood traumatic life events,
lifetime traumatic life events, and neuroticism (Model 3). Finally, we conducted parallel
analyses using a categorical measure of depressive symptoms (using a cutoff of > 4 on the
CES-D) to examine whether clinically elevated levels of depressive symptoms were
associated with salivary telomere length. We used HRS sample weights (i.e., the 2008
Biomarker sample weights) for descriptive statistics and all analyses. These weights account
for differential selection probabilities, adjust for differential baseline and wave-specific non-
response, and make the weighted sample representative of non-institutionalized individuals
in the United States population in the age-eligible range.

The weighted mean salivary telomere length was 1.37 (SD = 0.58); the mean log
transformed salivary telomere length was 0.12 (S0 = 0.12) (for a frequency distribution of
log transformed scores, see Figure S1, Supplemental Digital Content 1). The mean number
of depressive symptoms reported on the 8-item CES-D was 1.47 (SD = 2.02). Descriptive
statistics for and bivariate associations between each of the covariates and salivary telomere
length are presented in Table 1.

We first examined the multivariate association between depressive symptoms and salivary
telomere length, statistically adjusting for demographic variables. As can be seen for Model
1 in Table 2, depressive symptoms were significantly and negatively associated with salivary
telomere length in the full sample: higher levels of depressive symptoms were associated
with shorter salivary telomeres. We then evaluated whether the association between
depressive symptoms and salivary telomere length was moderated by age or sex. After
adjusting for the component terms (and other demographics), the association between the
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Age x Depressive Symptoms interaction and salivary telomere length was not statistically
significant, =.000, SE=.000, B =.019, p=.252, whereas the association between the Sex
x Depressive Symptoms interaction and salivary telomere length was statistically significant;
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the result for this interaction term is presented in Model 2 in Table 2; a scatterplot (Figure
S2) depicting the interaction can be found in Supplemental Digital Content 1. Because sex
was dummy coded, the coefficient for depressive symptoms provides a test of the simple
slope between depressive symptoms and salivary telomere length for the reference group
(41). As men were the reference group (i.e., the group coded “0”) in this analysis, results
indicate that the association between depressive symptoms and salivary telomere length was
statistically significant for men (Model 2, Table 2, first row of data under the Depressive
Symptoms heading). When we re-ran the analysis and reversed coding of sex such that
women were coded “0,” the coefficient for depressive symptoms was not significant,
indicating that the association between depressive symptoms and salivary telomere length
was not statistically significant for women (Model 2, Table 2, second row of data under
Depressive Symptoms heading).

In Model 3, we added lifetime cigarette smoking status, BMI, chronic health conditions,
childhood traumatic life events, lifetime traumatic life events, and neuroticism. As can be
seen in Table 2, results indicated that after additionally adjusting for these factors, the
association between the Sex x Depressive Symptoms interaction and salivary telomere
length remained statistically significant, and that depressive symptom severity was
significantly and negatively associated with salivary telomere length for men but not for
women.

The CES-D is commonly used for identifying people with clinically elevated depressive
symptoms. In this sample, 14.9% of participants scored =4 on the CES-D, which
corresponds to the cutoff of =16 on the 20-item CES-D that has been used for defining
clinically elevated levels of depressive symptoms (37). We examined whether salivary
telomere length differed for people who scored above and below the CES-D cutoff for
clinically elevated symptoms. Results indicated that (a) after adjusting for demographic
variables, the categorical measure of depressive symptoms was not significantly associated
with salivary telomere length in the full sample; (b) sex, but not age, moderated the
association between the categorical measure of depression and salivary telomere length,
such that the association was statistically significant for men (with men scoring above the
cutoff having shorter salivary telomeres than those scoring below the cutoff) but not for
women; and (c) the association between clinically elevated depressive symptoms and
salivary telomere length remained statistically significant for men when additionally
adjusting for lifetime cigarette smoking status, BMI, chronic health conditions, childhood
traumatic life events, lifetime traumatic life events, and neuroticism (see Table S1,
Supplemental Digital Content 1), although the interaction term was no longer statistically
significant (indicating that after adjusting for these other variables, the difference between
men and women on the slope of the association between clinically elevated depressive
symptoms and salivary telomere length was not statistically significant).
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DICSUSSION

This study was conducted to examine the association between depressive symptoms and
salivary telomere length in a probability sample of adults = 50 years of age, evaluate whether
this association was moderated by age or sex, and test whether this association was
incremental to several possible confounds. After adjusting for demographic variables, a
continuous measure of depressive symptoms was significantly and negatively associated
with salivary telomere length. However, the strength of the association obtained in this study
is smaller than that found in a meta-analysis of the association between depression and
leukocyte telomere length (r=".12) (14), and the association between clinically elevated
levels of depressive symptoms and salivary telomere length was not statistically significant
for the full sample. It may be that the association between depressive symptoms and salivary
telomere length is smaller than the association found for leukocyte telomere length.
Alternatively, it may be that the weaker association obtained in this study relative to those
reported in the meta-analysis is due to age of participants in the current sample, who were all
> 50 years old and were 67 years old on average. Although age did not moderate the
association between depressive symptoms and salivary telomere length in this study, because
variability in leukocyte telomere length in a population can decrease with increasing age (7),
the strength of the association between depression and telomere length in middle-aged and
older people would be expected to be smaller than that which would be obtained from a
sample that included younger people. Consistent with this interpretation, a meta-analysis of
the association between depression and leukocyte telomere length found that stronger
associations were obtained for studies with lower mean age (14).

Furthermore, the current results indicate that after adjusting for demographic variables, sex
moderated the association between depressive symptoms and salivary telomere length, such
that that this association was statistically significant for men but not for women. Evidence
for sex moderation was obtained for both the continuous and categorical measures of
depressive symptoms. These results are similar to those obtained in another study, which
found that for men but not for women, persistence of internalizing disorders (i.e., depression,
generalized anxiety disorder, and post-traumatic stress disorder) across repeated assessments
from ages 11 to 38 years was associated with shorter telomeres obtained from blood at age
38 years, and incidence of internalizing disorder between two time points (26 and 38 years)
was associated with greater telomere shortening for the same time points (42). Similarly, the
results from a meta-analysis examining the association between depression and mortality in
community samples found that the association was larger for men than for women (4). The
finding that sex moderated the strength of the association between depressive symptoms and
salivary telomere length in the current study is consistent with the perspective that telomere
shortening may contribute to the sex difference in the strength of the association between
depression and mortality.

The current study builds on prior studies that have evaluated the association between
depressive symptoms and telomere length not only by examining salivary telomere length
but also by ruling out several potential confounds of this association. Specifically, the
association between depressive symptoms and salivary telomere length for men remained
statistically significant when adjusting for demographic variables, (age, race, education
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attainment), cigarette smoking, BMI, chronic health conditions, childhood traumatic life
events, lifetime traumatic life events, and neuroticism. Because this association remained
statistically significant when adjusting for these other variables, greater confidence can be
had that the association between depressive symptoms and salivary telomere length is not
secondary to these other factors. These findings add to a growing literature demonstrating
that the association between mental health and telomere length is incremental to other
correlates of telomere length (e.g., 42).

We also evaluated the bivariate association between salivary telomere length and other
variables, which were considered as potential confounds of the association between
depressive symptoms and salivary telomere length. These results, presented in Table 1,
suggest that salivary telomere length was significantly and negatively associated with age,
being White, being a cigarette smoker, having cancer or heart disease, and lifetime exposure
to traumatic life events, and significantly and positively associated with being Black or of
another race. These results replicate prior studies that have shown that salivary telomere
length is associated with age (32) and tobacco smoking (32) and suggest that salivary
telomere length is also associated with other correlates of leukocyte telomere length,
including race (20), cancer (10), heart disease (11), and stress (23). As such, the current
results add to the growing body of research suggesting that the correlates of telomere length
assessed from saliva show similar patterns of association with correlates of leukocyte
telomere length. BMI was positively correlated with salivary telomere length, which is
inconsistent with the results from a meta-analysis that found a negative association between
BMI and leukocyte telomere length (22). However, there were individual studies included in
the meta-analysis that, similar to the current study, found a positive association between
BMI and leukocyte telomere length (e.g., 43, 44).

Results from the study should be interpreted in light of several limitations. First, the criteria
required for PCR application efficiency (>75% for T runs and >80% for S runs) in this study
are lower than those used in more recent studies, in which efficiency values between 90—
110% are considered acceptable. Lower efficiencies indicate greater amplification than
would be expected in a cycle, which affect the concentration estimates and increase error to
the T/S values based on samples from those plates. Second, the design of the study was
cross-sectional, and continued research is needed on the longitudinal association between
depressive symptoms and salivary telomere length. Third, participants were all =50 years of
age. By 2060, it is anticipated that nearly one of every four Americans — 98 million people —
will be age 65 or older, which is more than double the number of older adults in the United
States in 2014 (45). Although focusing on older adults is important given the growth in the
number and proportion of older adults in the United States, because variability in leukocyte
telomere length has been shown to decrease with increasing age (7), the restricted age range
may have affected results for the Age x Depressive Symptoms interaction. Future research is
needed to examine this interaction with a broader age range and whether the incremental
association between the Sex x Depressive Symptoms interaction and salivary telomere
length, adjusting for potential confounds, is found in younger participants. Fourth, the
assessments of traumatic life events and neuroticism were based on relatively short
measures. Although brief measures are typically used in large epidemiological surveys due
to their lower costs and reduced respondent burden relative to longer measures, the use of
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such measures may underestimate the true association between these constructs and
telomere length. Therefore, future research is needed to test whether the association between
depressive symptoms and salivary telomere length remains statistically significant when
statistically adjusting for more comprehensive measures of these constructs. Relatedly, there
are a variety of ways of conceptualizing stress, and future research is needed to see whether
the association between depressive symptoms and salivary telomere length remains
statistically significant when adjusting for other measures of stress, such as perceived stress,
which has been shown to covary with leukocyte telomere length in prior studies (23). Fifth,
although several potential confounds were included in this study, there may be other
constructs that are associated with both depressive symptoms and salivary telomere length
that may be potential confounds of observed associations between these variables, and
examining these variables in future research would further increase confidence that the
association between depressive symptoms and salivary telomere length is not secondary to
some other construct. Finally, the study examined only telomere length, which was
measured in saliva. In addition to telomere length, researchers have studied other aspects of
telomere functioning, such as telomerase — an enzyme that adds nucleotides to and protects
telomeric ends (6) — and future research is needed to examine sex differences in the
association between depressive symptoms and telomerase activity and whether this
association is incremental to potential confounding variables like those assessed in the
current study.

CONCLUSION

Results from this probability sample of people = 50 years of age suggest that (a) the
association between depressive symptoms and salivary telomere length was moderated by
sex, and that the association was statistically significant for men but not for women; and (b)
the association between depressive symptoms and salivary telomere length in men remained
statistically significant when adjusting for several important potential confounds, including
demographics, cigarette smoking, BMI, chronic health conditions, childhood and lifetime
exposure to traumatic life events, and neuroticism. These results add to our understanding of
how depression may be associated with age-related illnesses and shortened life span, which
may help to advance understanding of the links between depression on the one hand and
health and mortality on the other hand, including potential sex differences in these pathways.
Furthermore, because saliva collection is noninvasive, painless, relatively inexpensive, and
rapidly renewable (15), the finding that salivary telomere length was associated with
depression (and several variables treated as covariates in these analyses) suggests that
assessment of the correlates and predictors of salivary telomere length holds considerable
promise in understanding telomere biology.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Psychosom Med. Author manuscript; available in PMC 2018 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Whisman and Richardson

Page 11

Acknowledgments

Source of Funding: This research was supported by grants from the Brain & Behavior Research Foundation and the
National Institute on Aging (R03AG045301). The HRS 2008 Telomere data set is sponsored by the National
Institute on Aging (U01AG009740) and was conducted by the University of Michigan.

Acronyms

BMI body mass index

HRS Health and Retirement Study

gPCR quantitative real-time polymerase chain reaction
References

1. Bromet E, Andrade LH, Hwang I, Sampson NA, Alonso J, De Girolamo G, de Graaf R,
Demyttenaere K, Hu C, Iwata N, Karam AN, Kaur J, Kostyuchenko S, Lépine J-P, Levinson D,
Matschinger H, Mora MEM, Browne MO, Posada-Villa J, Viana MC, Williams DR, Kessler RC.
Cross-national epidemiology of DSM-1V major depressive episode. BMC Medicine. 2011; 9:90.
[PubMed: 21791035]

2. Van der Kooy K, van Hout H, Marwijk H, Marten H, Stehouwer C, Beekman A. Depression and the
risk for cardiovascular diseases: Systematic review and meta analysis. International Journal of
Geriatric Psychiatry. 2007; 22:613-626. [PubMed: 17236251]

3. Mezuk B, Eaton WW, Albrecht S, Golden SH. Depression and type 2 diabetes over the lifespan: A
meta-analysis. Diabetes Care. 2008; 31:2383-2390. [PubMed: 19033418]

4. Cuijpers P, Smit F. Excess mortality in depression: A meta-analysis of community studies. Journal
of Affective Disorders. 2002; 72:227-336. [PubMed: 12450639]

5. Cuijpers P, Vogelzangs N, Twisk J, Kleiboer A, Li J, Penninx BW. Comprehensive meta-analysis of
excess mortality in depression in the general community versus patients with specific illnesses.
American Journal of Psychiatry. 2014; 171:453-462. [PubMed: 24434956]

6. Lin, J., Epel, ES., Blackburn, EH. Telomeres, telomerase, stress, and aging. In: Berntson, GG.,
Cacioppo, JT., editors. Handbook of Neuroscience for the Behavioral Sciences. Hoboken, NJ: John
Wiley & Sons, Inc.; 2009. p. 1280-1295.

7. Sanders JL, Newman AB. Telomere length in epidemiology: A biomarker of aging, age-related
disease, both, or neither? Epidemiologic Reviews. 2013; 35:112-131. [PubMed: 23302541]

8. Lin J, Epel E, Blackburn E. Telomeres and lifestyle factors: Roles in cellular aging. Mutation
Research/Fundamental and Molecular Mechanisms of Mutagenesis. 2012; 730:85-89. [PubMed:
21878343]

9. Miezzinler A, Zaineddin AK, Brenner H. A systematic review of leukocyte telomere length and age
in adults. Ageing Research Reviews. 2013; 12:509-519. [PubMed: 23333817]

10. Wentzensen 1M, Mirabello L, Pfeiffer RM, Savage SA. The association of telomere length and

cancer: A meta-analysis. Cancer Epidemiology, Biomarkers & Prevention. 2011; 20:1238-1250.

11. D'Mello MJJ, Ross SA, Briel M, Anand SS, Gerstein H, Paré G. Association between shortened
leukocyte telomere length and cardiometabolic outcomes: Systematic review and meta-analysis.
Circulation: Cardiovascular Genetics. 2015; 8:82-90. [PubMed: 25406241]

12. Deelen J, Beekman M, Codd V, Trompet S, Broer L, Hagg S, Fischer K, Thijssen PE, Suchiman
HED, Postmus I, Uitterlinden AG, Hofman A, de Craen AJM, Metspalu A, Pedersen NL, van
Duijn CM, Jukema JW, Houwing-Duistermaat JJ, Samani NJ, Slagboom PE. Leukocyte telomere
length associates with prospective mortality independent of immune-related parameters and known
genetic markers. International Journal of Epidemiology. 2014; 43:878-886. [PubMed: 24425829]

13. Fitzpatrick AL, Kronmal RA, Gardner JP, Psaty BM, Jenny NS, Tracy RP, Walston J, Kimura M,
Aviv A. Leukocyte telomere length and cardiovascular disease in the Cardiovascular Health Study.
American Journal of Epidemiology. 2007; 165:14-21. [PubMed: 17043079]

Psychosom Med. Author manuscript; available in PMC 2018 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Whisman and Richardson Page 12

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

. Schutte NS, Malouff JM. The association between depression and leukocyte telomere length: A
meta-analysis. Depression and Anxiety. 2015; 32:229-238. [PubMed: 25709105]

Wren ME, Shirtcliff EA, Drury SS. Not all biofluids are created equal: Chewing over salivary
diagnostics and the epigenome. Clinical Therapeutics. 2015; 37:529-539. [PubMed: 25778408]

Phillips AC, Robertson T, Carroll D, Der G, Shiels PG, McGlynn L, Benzeval M. Do symptoms of
depression predict telomere length? Evidence from the West of Scotland Twenty-07 Study.
Psychosomatic Medicine. 2013; 75:288-296. [PubMed: 23513237]

Starkweather AR, Alhaeeri AA, Montpetit A, Brumelle J, Filler K, Montpetit M, Mohanraj L,
Lyon DE, Jackson-Cook CK. An integrative review of factors associated with telomere length and
implications for biobehavioral research. Nursing Research. 2014; 63:36-50. [PubMed: 24335912]

Steptoe A, Hamer M, Butcher L, Lin J, Brydon L, Kiviméki M, Marmot M, Blackburn E,
Erusalimsky JD. Educational attainment but not measures of current socioeconomic circumstances
are associated with leukocyte telomere length in healthy older men and women. Brain, Behavior,
and Immunity. 2011; 25:1292-1298.

Gardner M, Bann D, Wiley L, Cooper R, Hardy R, Nitsch D, Martin-Ruiz C, Shiels P, Sayer AA,
Barbieri M, Bekaert S, Bischoff C, Brooks-Wilson A, Chen W, Cooper C, Christensen K, De
Meyer T, Deary |, Der G, Roux AD, Fitzpatrick A, Hajat A, Halaschek-Wiener J, Harris S, Hunt
SC, Jagger C, Jeon H-S, Kaplan R, Kimura M, Lansdorp P, Li C, Maeda T, Mangino M, Nawrot
TS, Nilsson P, Nordfjall K, Paolisso G, Ren F, Riabowol K, Robertson T, Roos G, Staessen JA,
Spector T, Tang N, Unryn B, van der Harst P, Woo J, Xing C, Yadegarfar ME, Park JY, Young N,
Kuh D, von Zglinicki T, Ben-Shlomo Y. Halcyon study team. Gender and telomere length:
Systematic review and meta-analysis Experimental Gerontology. 2014; 51:15-27.

Hunt SC, Chen W, Gardner JP, Kimura M, Srinivasan SR, Eckfeldt JH, Berenson GS, Aviv A.
Leukocyte telomeres are longer in African Americans than in whites: The National Heart, Lung,
and Blood Institute Family Heart Study and the Bogalusa Heart Study. Aging Cell. 2008; 7:451—
458. [PubMed: 18462274]

Valdes AM, Andrew T, Gardner JP, Kimura M, Oelsner E, Cherkas LF, Aviv A, Spector TD.
Obesity, cigarette smoking, and telomere length in women. Lancet. 2005; 366:662—-664. [PubMed:
16112303]

Miezzinler A, Zaineddin AK, Brenner H. Body mass index and leukocyte telomere length in
adults: A systematic review and meta-analysis. Obesity Reviews. 2014; 15:192-201. [PubMed:
24165286]

Schutte NS, Malouff JM. The relationship between perceived stress and telomere length: A meta-
analysis. Stress and Health. 2014

van Ockenburg SL, de Jonge P, van der Harst P, Ormel J, Rosmalen JGM. Does neuroticism make
you old? Prospective associations between neuroticism and leukocyte telomere length.
Psychological Medicine. 2014; 44:723-729. [PubMed: 23834823]

Institute for Social Research. Ann Arbor, MI: 2013. Health and Retirement Study, 2008 Telomere
data set. Produced and distributed by the University of Michigan with funding from the National
Institute on Aging (grant number NIAU01AG009740).

Hansen TVO, Simonsen MK, Nielsen FC, Hundrup YA. Collection of blood, saliva, and buccal cell
samples in a pilot study on the Danish nurse cohort: comparison of the response rate and quality of
genomic DNA. Cancer Epidemiology Biomarkers & Prevention. 2007; 16:2072-2076.

Rogers NL, Cole SA, Lan H-C, Crossa A, Demerath EW. New saliva DNA collection method
compared to buccal cell collection techniques for epidemiological studies. American Journal of
Human Biology. 2007; 19:319-326. [PubMed: 17421001]

Mitchell C, Hobcraft J, McLanahan SS, Siegel SR, Berg A, Brooks-Gunn J, Garfinkel I, Notterman
D. Social disadvantage, genetic sensitivity, and children’s telomere length. Proceedings of the
National Academy of Sciences of the United States of America. 2014; 111:5944-5949. [PubMed:
24711381]

Theall KP, Brett ZH, Shirtcliff EA, Dunn EC, Drury SS. Neighborhood disorder and telomeres:
Connecting children’s exposure to community level stress and cellular response. Social Science &
Medicine. 2013; 85:50-58. [PubMed: 23540366]

Psychosom Med. Author manuscript; available in PMC 2018 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Whisman and Richardson Page 13

30. Daniali L, Benetos A, Susser E, Kark JD, Labat C, Kimura M, Desai KK, Granick M, Aviv A.
Telomeres shorten at equivalent rates in somatic tissues of adults. Nature Communications. 2013;
4:1597.

31. Gotlib IH, LeMoult J, Colich NL, Foland-Ross LC, Hallmayer J, Joormann J, Lin J, Wolkowitz
OM. Telomere length and cortisol reactivity in children of depressed mothers. Molecular
Psychiatry. 2015; 20:615-620. [PubMed: 25266121]

32. Chen X, Velez JC, Barbosa C, Pepper M, Andrade A, Stoner L, De Vivo I, Gelaye B, Williams
MA. Smoking and perceived stress in relation to short salivary telomere length among caregivers
of children with disabilities. Stress. 2015; 18:20-28. [PubMed: 25256607]

33. Cawthon RM. Telomere measurement by quantitative PCR. Nucleic Acids Research. 2002; 30:e47.
[PubMed: 12000852]

34. Institute for Social Research. Ann Arbor, MI: 2013. Health and Retirement Study 2008 telomere
length data. Produced and distributed by the University of Michigan with funding from the
National Institute on Aging (grant number NIAUO1AG009740).

35. Radloff LS. The CES-D Scale: A self-report depression scale for research in the general
population. Applied Psychological Measurement. 1977; 1:385-401.

36. Kohout FJ, Berkman LF, Evans DA, Cornoni-Huntley J. Two shorter forms of the CES-D
depression symptoms index. Journal of Aging and Health. 1993; 5:179-193. [PubMed: 10125443]

37. Steffick, DE. Documentation of affective functioning measures in the Health and Retirement Study.
Ann Arbor, MI: University of Michigan; 2000. [cited 2007 April 23]

38. Turvey CL, Wallace RB, Herzog R. A revised CES-D measure of depressive symptoms and a
DSM-based measure of major depressive episodes in the elderly. International Psychogeriatrics.
1999; 11:139-148. [PubMed: 11475428]

39. Krause N, Shaw BA, Cairney J. A descriptive epidemiology of lifetime trauma and the physical
health status of older adults. Psychology and Aging. 2004; 19:637-648. [PubMed: 15584789]

40. Zimprich D, Allemand M, Lachman ME. Factorial structure and age-related psychometrics of the
MIDUS personality adjective items across the life span. Psychological Assessment. 2012; 24:173—
186. [PubMed: 21910548]

41. Aiken, LS., West, SG. Multiple regression: Testing and interpreting interactions. Thousand Oaks,
CA: Sage; 1991.

42. Shalev |, Moffitt TE, Braithwaite AW, Danese A, Fleming NI, Goldman-Mellor S, Harrington HL,
Houts RM, Israel S, Poulton R, Robertson SP, Sugden K, Williams B, Caspi A. Internalizing
disorders and leukocyte telomere erosion: A prospective study of depression, generalized anxiety
disorder and post-traumatic stress disorder. Molecular Psychiatry. 2014; 19:1163-1170. [PubMed:
24419039]

43. Diaz VA, Mainous AG, Player MS, Everett CJ. Telomere length and adiposity in a racially diverse
sample. International Journal of Obesity. 2010; 34:261-265. [PubMed: 19773737]

44, Kiefer A, Lin J, Blackburn E, Epel E. Dietary restraint and telomere length in pre- and
postmenopausal women. Psychosomatic Medicine. 2008; 70:845-849. [PubMed: 18923062]

45, Colby, SL., Ortman, JM. Projections of the size and composition of the U.S. population: 2014 to
2060. Washington, DC: U.S. Census Bureau; 2014.

Psychosom Med. Author manuscript; available in PMC 2018 February 01.



Page 14

Whisman and Richardson

'S3100S pawlIosuel) 0T mo._Q

"yibua| a1awo|al AJeAljes YlIM UoIe|a1l0d 2m:m>_mm

JON
61— T0 10 T0 T0O T0 T ghbua aiawioja L Arenijes
A 17 91 6T €1 0z ST swoldwAs anissaidag
P 90 T2 90 0T 2O 90 0% WSIoNonaN
€T 2T Tl 2T TT w70 ZT 2T SIU9AJ 8)IT Ollewnes| swnayi
€8 90 ¥0 L0 90 2 L0 S0  SIUsAZ 8y onewnel] pooyp|iyd
x50 €5 8l 0- 0z ¥9 aons
xS T 82z Lz =907 20T oSz 95951 LeaH
70 eI g€l 707 ges  TYT I8oued
£C9 181 71z 10 T18 G6T se1eqeIq
50 59 €82 vS 782 k90 09 8z (zw/B1) xepu sse Apog
xx 756 €08 7’99 307 90z IS Ioxjows anaseblo swnayI
PRLES 6z L2l TE 7T 10 0 62T (s1eap) uoneanp3
190 8L 0L €00 OvE  vL (oune) Anoruypa
£50 vz 82 00 98 97 Byio
0Tt TOT 6 #0908 L6 oelg
€0 5.8 188 VT T08 248 SUUM
20ey
vovT  L'eb s
€0 S02Z  £95 USLIOM
XS
P £0T 829 G6  6'G9 wx PV 00T 029 (sreap) aby
% a W % a W e u % as W
X ] UBLUOA N a|dures [n4 a|qelreA

y1bua a1awojaL AJeAljeS Ylim SUOIRIJOSSY aleLIeAlg pue SajqelieA Apnis uo eieq aAndiiosag

Author Manuscript

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Psychosom Med. Author manuscript; available in PMC 2018 February 01.



1duosnuepy Joyiny 1duosnue Joyiny 1duosnuepy Joyiny

1duosnue Joyiny

< .05,

p< 0L

Whisman and Richardson

Psychosom Med. Author manuscript; available in PMC 2018 February 01.

Page 15



Page 16

Whisman and Richardson

"dnouf soualasal ay) sem 8_:2(

e
€e0 850" ¢00"  ¥00 70 890" ¢00" SO0 soydwAs anissaidaq x Xas
¢ey’  6T0- TOO° TOO- ¥¥9° 0T0O- TOO" T00'- UsWOM = dnol9 dousIagey
T000 €60'- 200" 900- TOO> 960- 00" 900- U3l = dnou9 dduaIRsaY

¥10° ¢v0'- TOO" €00'- swoydwAs anissaidag
080° €€0°  ¥00° 900 ws1on04nNaN
lee LT0O- 200" <200- SIUBAT 8417 d1jewNe. | sws
90T 6¢0° €00° SO0 SIUSAT 8}17 d1ewnel ] pooypjiyd
€/6" T00'- 600" 000 aons
o¥0"  L€0'- S00° OTO- aseasiq MeaH
65T ¥¢0'- 900" 800- Ja0ue)
vy ¥10-  S00° Y00 salagelq
100 090" 000"  TOO' (zw/Bx) xapu sselN Apog
000 V0= ¥00O° TIO- Jaxows analedbl) awnayl
8LC Tco” TOO"  TOO 065 0T0" TOO" 000 867" ¢t0°  TO0O0"  TOO (s1ea\) uorreanp3
06€" 970" 600" 200 S0¢ €20° 800" TIO 9ST" 9¢0" 800" ¢TI0 (oure) Auoruyy3
Gee” LT0°  ¥T0°  €T0° oTT 120" €10 12O 160° 820" €10° 2¢O Bsy1o
100> S0T° L00° €¥O° TOO> 90T L0OO° ¥¥O° TOO> 90T 00" ¥vO 3%e|g
998y
8¢0° 6€0" ¥00" 600 S00° 90"  ¥00" TIO L00° S¥0"  ¥00°  TIO (uswon) xes
T00° €90'- 000" TOO- TOO> LOT- 000" 7TOO- TOO> 90T- 000" TOO- (steap) aby
d d ES q d d ES q d d ES q
€ PPON Z PPOIN T BPON 8|qerren

y1Bua a1swolal AseAljes pue swoldwAS aAIssalda@ JO UBWSSASSY SNONUIUOYD US3MIaQ UOIIRIJ0SSY Ayl JO SISAjeuy alelieAl|NA

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Psychosom Med. Author manuscript; available in PMC 2018 February 01.



	Abstract
	Introduction
	Materials and Methods
	Participants
	Measures
	Telomere Length (25)
	Depression
	Body Mass Index
	Health Conditions
	Childhood Traumatic Life Events
	Lifetime Traumatic Life Events
	Neuroticism
	Demographics

	Statistical Analysis

	RESULTS
	DICSUSSION
	CONCLUSION
	References
	Table 1
	Table 2

