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Abstract

Telomere length has been hypothesized to be a marker of cumulative exposure to stress, and stress
is an established cause of depression and anxiety disorders. The goal of this study was to examine
the relationship between depression, anxiety and telomere length, and to assess whether this
relationship is moderated by race/ethnicity, gender, and/or antidepressant use. Data were from the
National Health and Nutrition Examination Survey, 1999-2002. Telomere length was assessed
using the quantitative polymerase chain reaction method of telomere length relative to standard
reference DNA. Past year major depression (MD), generalized anxiety disorder (GAD) and panic
disorder (PD), as well as depressed affect and anxious affect, were assessed using the Composite
International Diagnostic Inventory (N=1,290). Multiple linear regression was used to assess the
relationship between depression and anxiety disorders and telomere length. Among women, those
with GAD or PD had shorter telomeres than those with no anxious affect (3: —0.07, p<0.01), but
there was no relationship among men (B: 0.08, p>0.05). Among respondents currently taking an
antidepressant, those with MD had shorter telomeres than those without (B: —.26, p<.05), but there
was no association between MD and telomere length among those not using antidepressants (B: —.
00, p>.05). Neither depressive nor anxiety disorders were directly associated with telomere length
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in young adults. There was suggestive evidence that pharmacologically-treated MD is associated
with shorter telomere length, likely reflecting the more severe nature of MD that has come to
clinical attention.

INTRODUCTION

Epidemiologic studies have established that depression and anxiety disorders are predictive
of numerous health outcomes in later life, including risk of cardiovascular disease, 1 type 2
diabetes, 2 osteoporosis, 3 cognitive decline, 4 and mortality, particularly among those with
established cardiovascular and metabolic disease. > ® The mechanisms underlying these
associations remain largely unspecified. However, there is a growing body of research
examining the biological correlates of depression and anxiety disorders that has shown these
conditions are associated with alterations in the hypothalamic-pituitary-adrenal (HPA)

axis, /- 8 sympathetic nervous system, 9 sex hormones 10 11 and the immune system. 12 The
latter is particularly relevant in light of research pointing to inflammation as a key biological
mediator of morbidity and mortality in mid- and late-life, sometimes called inflammaging. 13
These physiologic systems are complex and interact with each other, and studies of
biomarkers of these systems (e.g., circulating levels of cortisol, cytokines) are limited in
their ability to index biological stress exposure organism-wide and within cells. Constructs
such as allostatic load aim to capture this multi-system impact, and thus are thought to
provide a more holistic approach to understanding the biological impact of depression and
anxiety.1* However these models are limited in that they still rely on circulating levels of
extracellular biomarkers that are known to vary substantially over the course of the day and
be influenced by various acute environmental exposures (e.g., tobacco and alcohol use,
dietary intake, physical activity, acute psychological stress). 1°

In light of the inherent variability of circulating levels of hormones, and increasing evidence
that allostatic load and related measures do not always reflect differences in cumulative
exposure to stressors as has been hypothesized, 16 researchers have turned to other potential
biomarkers that are more summative in nature. Leukocyte telomere shortness has emerged
as a biomarker and causative agent of aging that may potentially mediate part of the risk of
chronic diseases associated with depression and anxiety. 17 Telomeres are the protective
caps at the ends of eukaryotic chromosomes. Telomeric DNA naturally shortens with
mitosis (unless compensated by physiological replenishment, including the telomere-
elongating enzyme telomerase), and when telomeres become critically shortened, cellular
senescence is triggered.18 19 Throughout human lifespans telomerase action is generally
insufficient to sustain telomere length and, consistent with the hypothesis that telomere
shortening is a marker of functional organismal aging, a growing body of evidence suggests
that shorter telomeres are associated with declining health in later life. Shorter telomeres are
associated with and often predict co-morbid conditions including cardiovascular

disease, 20-24 type 2 diabetes, 2°-27 dementia, 28-31 cancer, 32 33 and increased

mortality, 32 3445 independent of chronological age.

Several studies have examined associations between depression, anxiety and telomere
length, with conflicting results (see Table 1 for a summary of findings). Here we briefly
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review three prior population-based studies most relevant to our investigation. First, using
data from the Netherlands Study of Depression and Anxiety (mean age: 42 years, standard
deviation (SD): 13 years), Verhoeven and colleagues (2013) reported that individuals with a
history of major depression (MD) had shorter telomeres relative to controls and that severity
and duration of depression were inversely associated with telomere length.#¢ They also
reported that use of psychotropic medication was not associated with telomere length among
those with MD, but were unable to examine this relationship among individuals without
MD. Next, using data from the West of Scotland Twenty-07 Study (mean age: 56 years, SD:
15 years), Phillips et al. (2013) reported that depressive symptoms were inversely associated
with telomere length, but only among the youngest cohort (37 years). 47 Finally, using data
from the Netherlands Prevention of Renal and Vascular End-stage Disease Study (mean age:
53 years, SD: 11 years), Hoen et al. (2013) reported that anxiety, but not depression, was
associated with shorter telomeres. 48

As demonstrated above and detailed in Table 1, differences in study design (cohort vs. case-
control), ascertainment of depression and anxiety (scales to indicate non-specific distress vs.
psychiatric diagnoses indicated by schedules or clinical interviews), duration and severity of
psychopathology (clinically-detected vs. not), and sample composition (clinical vs. general
population) likely contribute to these disparate findings. Notably, no study to date has
examined these relationships using a nationally-representative sampling frame with an
ethnically diverse sample. As a result, it is unclear whether existing findings are
generalizable to the broader population with a history of depressive and anxiety disorders, or
what role antidepressant medications may play in this relationship.

The aims of this study were: (1) to provide a synthetic qualitative review of the existing
research regarding the relationship of depression and anxiety disorders with telomere length;
(2) to examine associations between depression and anxiety and telomere length in a
diverse, nationally-representative sample of young adults; and (3) to determine whether
these associations vary according to race/ethnicity, gender, and/or use of antidepressants.

METHODS

Sample and Procedures

Since 1960, the National Center for Health Statistics of the Centers for Disease Control and
Prevention (CDC) has conducted The National Health and Nutrition Examination Survey
(NHANES) to provide estimates of the health and nutritional status of the US civilian non-
institutionalized population. NHANES 1999-2002 is a cross-sectional, nationally-
representative sample of 21,004 individuals aged two months and older. NHANES 1999-
2002 utilized a 4 stage sampling design: 1) primary sampling units (PSUs) consisting
primarily of single counties, 2) area segments within PSUs, 3) households within segment
areas, and 4) persons within households. The NHANES survey consists of a face-to-face
interview and a health examination in a mobile examination center (MEC). NHANES 1999-
2002 oversampled low-income persons, those aged 12 — 19, persons aged = 60, African
Americans, and Mexican Americans in order to obtain more accurate estimates in these
populations.
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All NHANES 1999-2002 respondents aged 20 and over were asked to provide DNA
samples. Of 10,291 eligible respondents, 7,826 (76%) both provided DNA and consented
specifically to future genetic research. The psychiatric assessment (described below) was
administered to a half-sample of participants aged 20 — 39. Data on telomere length and
psychiatric history were available for 1,290 participants. Of these, we excluded 126
respondents whose self-reported race/ethnicity was “other” or “other Hispanic,” since a goal
of this study was to examine race/ethnic differences in associations between depression and
anxiety and telomere length, and these groups are too diverse for our purposes. The final
analytic sample includes 1,164 respondents. This age group is appropriate for measuring the
relationship between depression/anxiety and telomere length because depression onset peaks
during this period, 49 and chronic medical conditions that may introduce residual
confounding of this relationship are uncommon.

Human subjects approval for this study was provided by the Institutional Review Board at
the CDC and all participants provided informed consent.

Telomere Length

Aliquots of purified DNA were provided by the laboratory at the Division of Health and
Nutrition Examination Surveys, National Center for Health Statistics, CDC. Using
standardized procedures, DNA was extracted from whole blood and stored at —80° C.
Telomere length (TL) was assessed using the quantitative polymerase chain reaction (qPCR)
method to measure telomere length relative to standard reference DNA (T/S ratio). This
assay was performed in the laboratory of Dr. Elizabeth Blackburn at the University of
California, San Francisco, and is described in detail elsewhere. 50 51 Each sample was
assayed three times on three different days to ensure accurate measurement. The samples
were assayed on duplicate wells, resulting in six data points. Sample plates were assayed in
groups of three plates, and no two plates were grouped together more than once. Each assay
plate contained 96 control wells. Any assay runs with eight or more invalid control wells
were considered a failed run and were excluded from further analysis (>99% of runs passed
this criterion).

The mean of the T/S values was calculated, and the largest or the smallest T/S value in the
set of 3 values (whichever deviated most from the mean) was marked as a potential outlier.
Then the mean of the T/S value was re-calculated without the potential outlier. If the
absolute value of the log of the ratio between the recalculated mean (excluding the potential
outlier) to the value of the potential outlier was greater than .4, then the value was marked as
an outlier (98.7% of all samples contained no outliers). The conversion from T/S ratio to
base pairs (bp) was calculated based on comparison of telomeric restriction fragment (TRF)
length from Southern blot analysis and T/S ratios using DNA samples from the human
diploid fibroblast cell line IMR90 at different population doublings. The formula to convert
T/S ratio to bp was 3,274 + 2,413 * (T/S). DNA samples were coded and the lab was blinded
to all other measurements in the study. The CDC conducted a quality control review of the
TL data before linking it to the NHANES 1999-2002 public use data files for analysis.
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Depression and anxiety disorders

Moderators

Three modules from the World Health Organization Composite International Diagnostic
Interview (CIDI), a fully-structured diagnostic interview that operationalizes the criteria
from the Diagnostic and Statistical Manual of Mental Disorders (DSM-1V), 52 were
administered during the MEC interview. The modules included generalized anxiety disorder
(GAD), major depression (MD), and panic disorder (PD), assessed over the past 12 months.
The reliability and validity of the CIDI has been extensively investigated, and this
instrument has moderate concordance with clinical psychiatric interviews. 3 The modules
were administered in either English or Spanish by trained lay interviewers.

We used information from the CIDI MD module to construct a dummy-coded categorical
variable indicating (a) MD, (b) depressed affect, or (c) no depressive symptoms in order to
assess this symptomology in a more dimensional manner. Past-year MD was determined
using DSM-IV diagnostic criteria, indicating presence of dysphoria or anhedonia plus a
clustering of four or more symptom groups (i.e., appetite disturbances, sleep problems,
fatigue, guilt, psychomotor agitation/retardation, cognitive disturbances, and suicidal
ideation) that lasted at least two weeks. Respondents who endorsed the item on dysphoria
(i.e., period of feeling sad, depressed, or empty for two weeks or longer) but did not meet
diagnostic criteria for MD were categorized as having depressed affect. All other
respondents were categorized as having no depression, which served as the reference
category for both MD and depressed affect. Similarly, we used the CIDI GAD and PD
modules to construct dummy variables for (a) GAD or PD, (b) anxious affect, or (c) no
anxiety symptoms. Past-year GAD was determined using DSM-IV diagnostic criteria,
indicating a period of excessive anxiety or worry lasting six months or more accompanied
by feelings of tension, fatigue, concentration problems, irritability, or sleeping disturbances.
Past year PD was determined using DSM-IV criteria, indicated by recurrent panic attacks
(i.e., short, discrete period of fear or discomfort accompanied by cardiovascular, respiratory,
and cognitive symptoms) accompanied by a month or more of worry about the attacks.
These two diagnoses were combined into a single variable indicating past-year GAD or PD.
Respondents who endorsed a period of anxious affect (i.e., a period of a month or more in
which they felt worried or tense or anxious about everyday problems such as work or family
on most days) but who did not meet diagnostic criteria for GAD or PD were categorized as
having anxious affect. All other respondents were categorized as having no anxiety, which
served as the reference category for both the GAD/PD and anxious affect categories. Finally,
we combined measures of depression and anxiety into a single dummy-coded variable: (a)
MD, GAD or PD, (b) depressed or anxious affect, and (c) no depressive or anxiety
symptoms, which served as the reference category for the combined measures.

We examined three hypothesized moderators: race/ethnicity (non-Hispanic white, African
American, and Mexican American), gender, and current antidepressant use. Medications
were assessed by visual inspection of pill bottle(s); if the medication container(s) were not
available, respondents were asked to verbally report the name(s) of the medication(s).
Medications were then were classified using Lexicon Plus, a comprehensive database of all
prescription medications available in the United States. > Current drug lists from archive
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websites (i.e., www.drugs.com, Mayo Clinic) were used to identify brand and generic names
for all antidepressant medications on the market at the time of data collection (1999 — 2002).
Respondents who reported using one or more medications in the following classes were
categorized as currently using an antidepressant: selective serotonin reuptake inhibitors
(SSRIs), selective serotonin and norepinephrine reuptake inhibitors (SNRIs or SSNRIs),
tricyclic and tetracyclic antidepressants, and monoamine oxidase inhibitors (MAOIS).

Data Analysis

RESULTS

The first step in the analysis was to examine associations of TL with depression and anxiety
symptomology. Telomere length was transformed by natural logarithm prior to regression
modeling to satisfy the assumption of normality. Using a linear model, we regressed log-
transformed telomere length (T/S ratio) on each of the symptom variables and demographic
characteristics, including age (in years), gender (female=1; male=0), and race/ethnicity
(dummy variables for African-American and Mexican American with non-Hispanic white as
the reference category). Next, given prior evidence of race/ethnic and gender differences in
both depression and anxiety and TL, we estimated models stratified by race/ethnicity and
gender. Because only about 50% of cases of MD or anxiety disorders in the general
population receive treatment,>® the use of antidepressant medications in this sample likely
indicates more severe symptomology that has come to clinical attention. Therefore, we also
examined models stratified by antidepressant use as an indicator of clinical severity. After
estimating stratified models, we used z-tests6 to compare corresponding parameter
estimates across groups according to race/ethnicity (African American versus non-Hispanic
white, Mexican American versus non-Hispanic white, and African American versus
Mexican American), gender (women versus men), and antidepressant use (non-users versus
users). Significant z-tests suggest moderating effects of race/ethnicity, gender, and/or
antidepressant use.

All regression models incorporated the complex sampling design of NHANES (i.e., strata
and PSU indicators), as well as sample weights for the genetic subsample. 7 Analyses were
conducted on-site at the CDC Research Data Center in Atlanta, GA and remotely using
ANDRE, the CDC’s remote access system for the analysis of restricted data. All p-values
refer to two-tailed tests.

Qualitative review of existing studies

Table 1 describes existing studies of depression and anxiety disorders with TL and/or
telomere content (18 in total). All but one report 58 assessed TL in leukocytes, and all but
four 59-62 ysed the qPCR method for assessing mean TL. Approximately 40% (7 out of 18)
had a sample size of <100, and in several cases the sample was derived from a study that had
been designed to assess a different research question (e.g., Heart and Soul Study, a cohort of
patients discharged with coronary heart disease 63 64). All samples were comprised almost
exclusively of non-Hispanic whites. Overall, about half of the studies reported significantly
shorter TL in cases of MD or anxiety disorders versus comparison groups. The majority of
studies that reported no association between MD and TL had samples that were relatively
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young (less than 50 years of age). Finally, there were substantial differences in the
ascertainment of MD and anxiety disorders; many relied on psychiatric clinic
populations, 60-62. 65. 66 \which are more severe than cases in the general population.

Present investigation

Table 2 shows the demographic characteristics of the sample from NHANES 1999 — 2002
stratified by depression and anxiety status. The sample was relatively young (mean age: 29.4
years). In the past year, 17% of the sample had MD or depressed affect; 10.1% of these
individuals were currently using an antidepressant. Similarly, 19% had GAD, PD, or
anxious affect in the past year; 11.8% of these were currently using an antidepressant.

Table 3 shows the results of the regression models. There was no association between
depression or anxiety status and TL in the sample overall, either in the unadjusted models
(results not shown) or after accounting for age, gender and race/ethnicity (Cohen’s d: 0.06).
In race-stratified analyses, neither depression nor anxiety was significantly associated with
TL among non-Hispanic whites, African-Americans, or Mexican-Americans. In analyses
stratified by gender, past-year GAD/PD was significantly associated with shorter TL among
women (B: —0.07, p<0.01), but not men (B: 0.08, p>0.05); and the difference in coefficients
for women and men was statistically significant (z -2.27, p<.05). Compared to women with
no anxiety symptoms, women with past year GAD/PD had telomeres shorter by 169 base
pairs. Given the observed cross-sectional rate of telomere shortening in this study of 19 bp
per year, this difference is roughly equivalent to 9 years of additional aging. Finally, in
analyses stratified by antidepressant use, past-year MD was associated with shorter TL
among current antidepressant users (: —.26, p<.05), but not among non-users (B: -.00, p>.
05). The difference in coefficients for antidepressant non-users and users was statistically
significant (z 2.18, p<.05). Compared to current antidepressant users with no depressive
symptoms, current users with MD had telomeres shorter by 651 bp, which corresponds to
approximately 34 additional years of aging.

In order to assess the likelihood that our study was underpowered to reject the H, (i.e., that
depression or anxiety are directly associated with shorter TL) we conducted a post hoc
power analysis. For depression, given our sample size (n=198 and n=996 for those with vs.
without a past-year history of MD or depressed affect, respectively) and setting type 1 error
() at 0.05 (two-sided), we had 50% power to detect an effect size of 0.15, and 80% power
to detect an effect size of 0.22. As a comparison, Verhoeven and colleagues reported an
effect size of 0.13 in their analysis of current MD cases vs. controls, for which they had 67%
power to detect. 46 Thus, while our study was marginally underpowered, the effect size we
report here is also approximately half of what has been reported in previous studies.

DISCUSSION

The primary finding from this study is that depressive and anxious symptomatology, overall,
have no direct relationship with TL in young adulthood. Although associations did not vary
across race/ethnicity, among women (but not men) past-year GAD/PD was associated with
shorter TL. There was no direct effect of antidepressant medication use on TL, but among
current users of antidepressants, those with past-year MD had shorter TL than those with no
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depression. To our knowledge, this is the first study to examine relationships between
antidepressant medication use and depressive and anxious symptomology, as well as the first
to examine variation in these relationships by race/ethnicity, in a nationally-representative
sample.

Previous studies have often not been able to examine whether antidepressant medications
have a direct association with TL, largely because in most of these prior reports cases of
depressive and anxiety disorders were drawn from clinic populations while the comparison
participants were screened for psychopathology. For example, in the recent publication by
Verhoeven et al. (2013) only two individuals in the control group were taking an
antidepressant. In our study, because of the lack of a direct association between either these
conditions or these medications with TL, we interpret our findings regarding antidepressant
use as indicative that severe depressive symptomology (i.e., that which has come to the
attention of a physician and is being treated) is associated with shorter TL. 46 This is
consistent with the recent analysis by Shalev et al. (2014) that found that recurrent
depressive and anxiety disorders, as well as psychotropic medication use, were associated
with shorter TL in middle adulthood; 87 however, unlike the present study, they found that
the relationship between psychotropic medication use and TL was independent from
depressive and anxious psychopathology.

Another important gap in the literature addressed by this paper is the lack of investigation
into the relationship between depressive and anxious symptomology and TL in racially
diverse samples. As shown by Table 1, previous studies have been conducted using
primarily, and often exclusively, non-Hispanic white populations. Evidence suggests that
both risk of psychopathology®8 and TL varies across racial/ethnic groups in the US, 69-73
and thus it is important to examine whether these relationships vary across groups. Although
our results suggest that there are no race/ethnic differences in associations between MD and
GAD/PD and TL, replication studies in other multi-ethnic samples are needed.

Findings from this study should be interpreted in light of study strengths and limitations.
Key strengths of this report include the population-based sampling design, which mitigates
the risk of selection bias (“Berkson’s bias”) that is likely present in studies that use clinic
populations to ascertain cases of depressive and anxiety disorders. /4 Depressive and
anxious symptomology was assessed using a structured diagnostic instrument that has good
reliability.”® Finally, the diversity of the study population allowed us to examine
heterogeneity in the relationship between depression and anxiety disorders and TL across
racial/ethnic groups. This study also has limitations. Because TL captures and can contribute
to characteristics of biological aging, including risks for various diseases, 17 it is possible
that depressive and anxious symptomology are only associated with TL in later life, when
organisms are less resilient to stress, which may explain our lack of an association in this
relatively young sample. However, several prior studies with age composition similar to
ours 47: 66,67 have reported significant inverse relationships. We examined TL as measured
in leukocytes, not brain, and while previous studies have shown that TL is correlated across
tissues, 7678 it is possible that other tissues may have shown stronger relationships with TL.
Finally, we did not have a measure of telomerase. Previous research has shown that
telomerase activity is significantly elevated in those with MD compared to controls, 7 and
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recent work has shown that the combination of short telomeres with high telomerase activity
is indicative of greater cell stress than short telomeres alone. &

In conclusion, this study illustrates many issues related to sample selection and study design
that may have contributed to an abundance of positive findings in the extant literature.
Despite these limitations, the existing research literature, coupled with the empirical
investigation presented here, indicates that severe depressive symptomatology, as indicated
by being medically treated either in a clinical setting or by psychotropic medications, is
associated with shorter TL even in early adulthood. However, less severe forms of
psychopathology were not associated with TL.

Acknowledgments

This work is supported by a grant from the National Institute on Aging (Elissa Epel, Pl; RO1AG033592-01A1). The
authors would like to thank Carolyn Neal, Ph.D., and Ajay Yesupriya, MPH, for their assistance. B. Mezuk is
supported by a career development award from the National Institute of Mental Health (K01-MH093642-A1) and
the University of Michigan Center for Integrative Approaches to Health Disparities (2P60-MD002249). The
sponsors had no role in the design, analysis, or interpretation of the findings.

REFERENCE LIST

1. Wulsin LR, Singal BM. Do depressive symptoms increase the risk for the onset of coronary disease?
A systematic quantitative review. Psychosom Med. 2003; 65(2):201-10. [PubMed: 12651987]

2. Mezuk B, Eaton WW, Albrecht S, Golden SH. Depression and type 2 diabetes over the lifespan: a
meta-analysis. Diabetes Care. 2008; 31(12):2383-90. [PubMed: 19033418]

3. Mezuk B, Eaton WW, Golden SH. Depression and osteoporosis: epidemiology and potential
mediating pathways. Osteoporos Int. 2008; 19(1):1-12. [PubMed: 17763997]

4. Chodosh J, Kado DM, Seeman TE, Karlamangla AS. Depressive symptoms as a predictor of
cognitive decline: MacArthur Studies of Successful Aging. Am J Geriatr Psychiatry. 2007; 15(5):
406-15. [PubMed: 17353297]

5. Hofmann M, Kohler B, Leichsenring F, Kruse J. Depression as a risk factor for mortality in
individuals with diabetes: a meta-analysis of prospective studies. PLoS One. 2013; 8(11):e79809.
[PubMed: 24278183]

6. Phillips AC, Batty GD, Gale CR, Deary 1J, Oshorn D, MaclIntyre K, et al. Generalized anxiety
disorder, major depressive disorder, and their comorbidity as predictors of all-cause and
cardiovascular mortality: the Vietnam experience study. Psychosom Med. 2009; 71(4):395-403.
[PubMed: 19321850]

7. Stetler C, Miller GE. Depression and hypothalamic-pituitary-adrenal activation: a quantitative
summary of four decades of research. Psychosom Med. 2011; 73(2):114-26. [PubMed: 21257974]

8. Lamers F, Vogelzangs N, Merikangas KR, de Jonge P, Beekman AT, Penninx BW. Evidence for a
differential role of HPA-axis function, inflammation and metabolic syndrome in melancholic versus
atypical depression. Mol Psychiatry. 2013; 18(6):692-9. [PubMed: 23089630]

9. Licht CM, de Geus EJ, Zitman FG, Hoogendijk WJ, van Dyck R, Penninx BW. Association
between major depressive disorder and heart rate variability in the Netherlands Study of Depression
and Anxiety (NESDA). Arch Gen Psychiatry. 2008; 65(12):1358-67. [PubMed: 19047522]

10. Freeman EW, Sammel MD, Lin H, Nelson DB. Associations of hormones and menopausal status
with depressed mood in women with no history of depression. Arch Gen Psychiatry. 2006; 63(4):
375-82. [PubMed: 16585466]

11. Amore M, Scarlatti F, Quarta AL, Tagariello P. Partial androgen deficiency, depression and
testosterone treatment in aging men. Aging Clin Exp Res. 2009; 21(1):1-8. [PubMed: 19225262]

12. Dowlati Y, Herrmann N, Swardfager W, Liu H, Sham L, Reim EK, et al. A meta-analysis of
cytokines in major depression. Biol Psychiatry. 2010; 67(5):446-57. [PubMed: 20015486]

Mol Psychiatry. Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Needham et al.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

Page 10

Franceschi C. Inflammaging as a major characteristic of old people: can it be prevented or cured?
Nutr Rev. 2007; 65(12 Pt 2):S173-6. [PubMed: 18240544]

McEwen BS. Mood disorders and allostatic load. Biol Psychiatry. 2003; 54(3):200-7. [PubMed:
12893096]

Glei DA, Goldman N, Chuang YL, Weinstein M. Do chronic stressors lead to physiological
dysregulation? Testing the theory of allostatic load. Psychosom Med. 2007; 69(8):769-76.
[PubMed: 17942833]

Ellis BJ, Del Giudice M. Beyond allostatic load: Rethinking the role of stress in regulating human
development. Dev Psychopathol. 2013:1-20. [PubMed: 24280315]

Wolkowitz OM, Epel ES, Reus VI, Mellon SH. Depression gets old fast: do stress and depression
accelerate cell aging? Depress Anxiety. 2010; 27(4):327-38. [PubMed: 20376837]

Blackburn E. Telomere states and cell fates. Nature. 2000; 408(6808):53—6. [PubMed: 11081503]
Blasco M. Telomeres and human disease: ageing, cancer and beyond. Nat Rev Genet. 2005; 6(8):
611-22. [PubMed: 16136653]

Samani N, Boultby R, Butler R, Thompson J, Goodall A. Telomere shortening in atherosclerosis.
Lancet. 2001; 358:472-3. [PubMed: 11513915]

Brouilette S, Moore J, McMahon A, Thompson J, Ford I, Shepherd J, et al. Telomere length, risk
of coronary heart disease, and statin treatment in the West of Scotland Primary Prevention Study: a
nested case-control study. Lancet. 2007; 369:107-14. [PubMed: 17223473]

Fitzpatrick AL, Kronmal RA, Gardner JP, Psaty BM, Jenny NS, Tracy RP, et al. Leukocyte
telomere length and cardiovascular disease in the cardiovascular health study. Am J Epidemiol.
2007; 165(1):14-21. [PubMed: 17043079]

Willeit P, Willeit J, Brandstatter A, Ehrlenbach S, Mayr A, Gasperi A, et al. Cellular aging
reflected by leukocyte telomere length predicts advanced atherosclerosis and cardiovascular
disease risk. Arterioscler Thromb Vasc Biol. 2010; 30(8):1649-56. [PubMed: 20508208]

Codd V, Nelson CP, Albrecht E, Mangino M, Deelen J, Buxton JL, et al. Identification of seven
loci affecting mean telomere length and their association with disease. Nat Genet. 2013; 45(4):
422-7. 7el1-2. [PubMed: 23535734]

Zee RY, Castonguay AJ, Barton NS, Germer S, Martin M. Mean leukocyte telomere length
shortening and type 2 diabetes mellitus: a case-control study. Transl Res. 2010; 155(4):166-9.
[PubMed: 20303464]

Salpea KD, Talmud PJ, Cooper JA, Maubaret CG, Stephens JW, Abelak K, et al. Association of
telomere length with type 2 diabetes, oxidative stress and UCP2 gene variation. Atherosclerosis.
2010; 209(1):42-50. [PubMed: 19889414]

Zhao J, Zhu Y, Lin J, Matsuguchi T, Blackburn E, Zhang Y, et al. Short leukocyte telomere length
predicts risk of diabetes in american indians: the strong heart family study. Diabetes. 2014; 63(1):
354-62. [PubMed: 23949319]

von Zglinicki T, Serra V, Lorenz M, et al. Short telomeres in patients with vascular dementia: an
indicator of low antioxidative capacity and a possible risk factor? Lab Invest. 2000; 80(11):1739-
47. [PubMed: 11092534]

Panossian LA, Porter VR, Valenzuela HF, Zhu X, Reback E, Masterman D, et al. Telomere
shortening in T cells correlates with Alzheimer’s disease status. Neurobiol Aging. 2003; 24(1):77-
84. [PubMed: 12493553]

Yaffe K, Lindquist K, Kluse M, Cawthon R, Harris T, Hsueh WC, et al. Telomere length and
cognitive function in community-dwelling elders: findings from the Health ABC Study. Neurobiol
Aging. 2011; 32(11):2055-60. [PubMed: 20031273]

Honig LS, Kang MS, Schupf N, Lee JH, Mayeux R. Association of shorter leukocyte telomere
repeat length with dementia and mortality. Arch Neurol. 2012; 69(10):1332-9. [PubMed:
22825311]

Willeit P, Willeit J, Mayr A, Weger S, Oberhollenzer F, Brandstatter A, et al. Telomere length and
risk of incident cancer and cancer mortality. JAMA. 2010; 304(1):69-75. [PubMed: 20606151]
Wentzensen IM, Mirabello L, Pfeiffer RM, Savage SA. The association of telomere length and
cancer: a meta-analysis. Cancer Epidemiol Biomarkers Prev. 2011; 20(6):1238-50. [PubMed:
21467229]

Mol Psychiatry. Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Needham et al.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

Page 11

Astrup AS, Tarnow L, Jorsal A, Lajer M, Nzietchueng R, Benetos A, et al. Telomere length
predicts all-cause mortality in patients with type 1 diabetes. Diabetologia. 2010; 53(1):45-8.
[PubMed: 19802713]

Cawthon RM, Smith K, O’Brien E, Sivatchenko A, Kerber R. Association between telomere length
in blood and mortality in people aged 60 years or older. Lancet. 2003; 361:393-5. [PubMed:
12573379]

Epel E, Merkin SS, Cawthon R, Blackburn EH, Adler NE, Pletcher MJ, et al. The rate of telomere
shortening predicts mortality from cardiovascular disease in elderly men. Aging. 2009; 1(1):81-8.
[PubMed: 20195384]

Fitzpatrick AL, Kronmal RA, Kimura M, Gardner JP, Psaty BM, Jenny NS, et al. Leukocyte
telomere length and mortality in the Cardiovascular Health Study. J Gerontol A Biol Sci Med Sci.
2011; 66(4):421-9. [PubMed: 21289018]

Honig LS, Kang MS, Schupf N, Lee JH, Mayeux R. Association of Shorter Leukocyte Telomere
Repeat Length With Dementia and Mortality. Arch Neurol. 2012:1-8.

Kimura M, Hjelmborg J, Gardner J, Bathum L, Brimacombe M, Lu X, et al. Short leukocyte
telomeres forecast mortality: A study in elderly Danish twins. Am J Epidemiol. 2008; 167(7):799-
806. [PubMed: 18270372]

Lee J, Sandford AJ, Connett JE, Yan J, Mui T, Li Y, et al. The relationship between telomere
length and mortality in chronic obstructive pulmonary disease (COPD). PLoS One. 2012;
7(4):e35567. [PubMed: 22558169]

Martin-Ruiz C, Dickinson HO, Keys B, Rowan E, Kenny RA, VVon Zglinicki T. Telomere length
predicts poststroke mortality, dementia, and cognitive decline. Ann Neurol. 2006; 60(2):174-80.
[PubMed: 16685698]

Weischer M, Bojesen SE, Cawthon RM, Freiberg JJ, Tybjaerg-Hansen A, Nordestgaard BG. Short
telomere length, myocardial infarction, ischemic heart disease, and early death. Arterioscler
Thromb Vasc Biol. 2012; 32(3):822-9. [PubMed: 22199369]

Bakaysa S, Mucci L, Slagbloom P, Boomsma D, McClearn G, Johansson B, et al. Telomere length
predicts survival independent of genetic influences. Aging Cell. 2007; 6:769-74. [PubMed:
17925004]

Farzaneh-Far R, Cawthon RM, Na B, Browner WS, Schiller NB, Whooley MA. Prognostic value
of leukocyte telomere length in patients with stable coronary artery disease: data from the Heart
and Soul Study. Arterioscler Thromb Vasc Biol. 2008; 28(7):1379-84. [PubMed: 18467646]
Deelen J, Beekman M, Codd V, Trompet S, Broer L, Hagg S, et al. Leukocyte telomere length
associates with prospective mortality independent of immune-related parameters and known
genetic markers. Int J Epidemiol. 2014

Verhoeven JE, Revesz D, Epel ES, Lin J, Wolkowitz OM, Penninx BW. Major depressive disorder
and accelerated cellular aging: results from a large psychiatric cohort study. Mol Psychiatry. 2013
Phillips AC, Robertson T, Carroll D, Der G, Shiels PG, McGlynn L, et al. Do symptoms of
depression predict telomere length? Evidence from the west of Scotland twenty-07 study.
Psychosom Med. 2013; 75(3):288-96. [PubMed: 23513237]

Hoen PW, Rosmalen JG, Schoevers RA, Huzen J, van der Harst P, de Jonge P. Association
between anxiety but not depressive disorders and leukocyte telomere length after 2 years of
follow-up in a population-based sample. Psychol Med. 2013; 43(4):689-97. [PubMed: 22877856]
Kessler RC, Berglund P, Demler O, Jin R, Koretz D, Merikangas KR, et al. The epidemiology of
major depressive disorder: results from the National Comorbidity Survey Replication (NCS-R).
JAMA. 2003; 289(23):3095-105. [PubMed: 12813115]

Lin J, Epel E, Cheon J, Kroenke C, Sinclair E, Bigos M, et al. Analyses and comparisons of
telomerase activity and telomere length in human T and B cells: insights for epidemiology of
telomere maintenance. J Immunol Methods. 2010; 352(1-2):71-80. [PubMed: 19837074]
Cawthon RM. Telomere measurement by quantitative PCR. Nucleic Acids Res. 2002; 30(10):e47.
[PubMed: 12000852]

Kessler RC, Andrews G, Mroczek D, Ustun B, Wittchen H-U. The World Health Organization
Composite International Diagnostic Interview short-form (CIDI-SF). International Journal of
Methods in Psychiatric Research. 1998; 7(4):171-85.

Mol Psychiatry. Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Needham et al.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65

66.

67.

68.

69.

70.

71.

Page 12

Wittchen HU. Reliability and validity studies of the WHO--Composite International Diagnostic
Interview (CIDI): a critical review. J Psychiatr Res. 1994; 28(1):57-84. [PubMed: 8064641]

Lexicon Plus: All you need in one easy-to-read database: Cerner Multum. 2013. [cited 2014
02/18]Available from: http://www.multum.com/lexicon.html

Wang PS, Lane M, Olfson M, Pincus HA, Wells KB, Kessler RC. Twelve-month use of mental
health services in the United States: results from the National Comorbidity Survey Replication.
Arch Gen Psychiatry. 2005; 62(6):629-40. [PubMed: 15939840]

Paternoster R, Brame R, Mazerolle P, Piquero A. Using the correct statistical test for the quality of
regression coefficients. Criminology. 1998; 36(4):859-66.

National Center for Health Statistics. Analytic and reporting guidelines: The National Health and
Nutrition Examination Survey (NHANES). Hyattsville, MD: National Center for Health Statistics,
Centers for Disease Control and Prevention; 2006.

Zhang D, Cheng L, Craig DW, Redman M, Liu C. Cerebellar telomere length and psychiatric
disorders. Behav Genet. 2010; 40(2):250-4. [PubMed: 20127402]

Simon NM, Smoller JW, McNamara KL, Maser RS, Zalta AK, Pollack MH, et al. Telomere
shortening and mood disorders: preliminary support for a chronic stress model of accelerated
aging. Biol Psychiatry. 2006; 60(5):432-5. [PubMed: 16581033]

Hartmann N, Boehner M, Groenen F, Kalb R. Telomere length of patients with major depression is
shortened but independent from therapy and severity of the disease. Depress Anxiety. 2010;
27(12):1111-6. [PubMed: 21053332]

Wikgren M, Maripuu M, Karlsson T, Nordfjall K, Bergdahl J, Hultdin J, et al. Short telomeres in
depression and the general population are associated with a hypocortisolemic state. Biol
Psychiatry. 2012; 71(4):294-300. [PubMed: 22055018]

Elvsashagen T, Vera E, Boen E, Bratlie J, Andreassen OA, Josefsen D, et al. The load of short
telomeres is increased and associated with lifetime number of depressive episodes in bipolar 11
disorder. J Affect Disord. 2011; 135(1-3):43-50. [PubMed: 21880373]

Hoen PW, de Jonge P, Na BY, Farzaneh-Far R, Epel E, Lin J, et al. Depression and leukocyte
telomere length in patients with coronary heart disease: data from the Heart and Soul Study.
Psychosom Med. 2011; 73(7):541-7. [PubMed: 21597035]

Puterman E, Epel ES, Lin J, Blackburn EH, Gross JJ, Whooley MA, et al. Multisystem resiliency

moderates the major depression-telomere length association: findings from the Heart and Soul
Study. Brain Behav Immun. 2013; 33:65-73. [PubMed: 23727245]

. Teyssier JR, Chauvet-Gelinier JC, Ragot S, Bonin B. Up-regulation of leucocytes genes implicated

in telomere dysfunction and cellular senescence correlates with depression and anxiety severity
scores. PL0S One. 2012; 7(11):e49677. [PubMed: 23185405]

Garcia-Rizo C, Fernandez-Egea E, Miller BJ, Oliveira C, Justicia A, Griffith JK, et al. Abnormal
glucose tolerance, white blood cell count, and telomere length in newly diagnosed, antidepressant-
naive patients with depression. Brain Behav Immun. 2013; 28:49-53. [PubMed: 23207109]
Shalev I, Moffitt TE, Braithwaite AW, Danese A, Fleming NI, Goldman-Mellor S, et al.
Internalizing disorders and leukocyte telomere erosion: a prospective study of depression,
generalized anxiety disorder and post-traumatic stress disorder. Mol Psychiatry. 2014

Breslau J, Aguilar-Gaxiola S, Kendler KS, Su M, Williams D, Kessler RC. Specifying race-ethnic
differences in risk for psychiatric disorder in a USA national sample. Psychol Med. 2006; 36(1):
57-68. [PubMed: 16202191]

Needham BL, Adler N, Gregorich S, Rehkopf D, Lin J, Blackburn EH, et al. Socioeconomic status,
health behavior, and leukocyte telomere length in the National Health and Nutrition Examination
Survey, 1999-2002. Soc Sci Med. 2013; 85:1-8. [PubMed: 23540359]

Diez Roux AV, Ranjit N, Jenny NS, Shea S, Cushman M, Fitzpatrick A, et al. Race/ethnicity and
telomere length in the Multi-Ethnic Study of Atherosclerosis. Aging Cell. 2009; 8(3):251-7.
[PubMed: 19302371]

Geronimus AT, Hicken MT, Pearson JA, Seashols SJ, Brown KL, Cruz TD. Do US Black Women
Experience Stress-Related Accelerated Biological Aging?: A Novel Theory and First Population-
Based Test of Black-White Differences in Telomere Length. Hum Nat. 2010; 21(1):19-38.
[PubMed: 20436780]

Mol Psychiatry. Author manuscript; available in PMC 2015 October 01.


http://www.multum.com/lexicon.html

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Needham et al.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Page 13

Aviv A, Chen W, Gardner JP, Kimura M, Brimacombe M, Cao X, et al. Leukocyte telomere
dynamics: longitudinal findings among young adults in the Bogalusa Heart Study. Am J
Epidemiol. 2009; 169(3):323-9. [PubMed: 19056834]

Hunt SC, Chen W, Gardner JP, Kimura M, Srinivasan SR, Eckfeldt JH, et al. 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(4):451-8. [PubMed:
18462274]

Berkson J. Limitations of the application of fourfold table analysis to hospital data. Biometrics.
1946; 2(3):47-53. [PubMed: 21001024]

Eaton WW, Hall AL, Macdonald R, McKibben J. Case identification in psychiatric epidemiology:
a review. Int Rev Psychiatry. 2007; 19(5):497-507. [PubMed: 17896230]

Friedrich U, Griese E, Schwab M, Fritz P, Thon K, Klotz U. Telomere length in different tissues of
elderly patients. Mech Ageing Dev. 2000; 119(3):89-99. [PubMed: 11080530]

Daniali L, Benetos A, Susser E, Kark JD, Labat C, Kimura M, et al. Telomeres shorten at
equivalent rates in somatic tissues of adults. Nat Commun. 2013; 4:1597. [PubMed: 23511462]

Lukens JN, Van Deerlin V, Clark CM, Xie SX, Johnson FB. Comparisons of telomere lengths in
peripheral blood and cerebellum in Alzheimer’s disease. Alzheimers Dement. 2009; 5(6):463-9.
[PubMed: 19896585]

Wolkowitz OM, Mellon SH, Epel ES, Lin J, Reus VI, Rosser R, et al. Resting leukocyte
telomerase activity is elevated in major depression and predicts treatment response. Mol
Psychiatry. 2012; 17(2):164-72. [PubMed: 21242992]

Zalli A, Carvalho LA, Lin J, Hamer M, Erusalimsky JD, Blackburn EH, et al. Shorter telomeres
with high telomerase activity are associated with raised allostatic load and impoverished
psychosocial resources. Proc Natl Acad Sci U S A. 2014; 111(12):4519-24. [PubMed: 24616496]
Wolkowitz OM, Mellon SH, Epel ES, Lin J, Dhabhar FS, Su Y, et al. Leukocyte telomere length in
major depression: correlations with chronicity, inflammation and oxidative stress--preliminary
findings. PLoS One. 2011; 6(3):e17837. [PubMed: 21448457]

Rius-Ottenheim N, Houben JM, Kromhout D, Kafatos A, van der Mast RC, Zitman FG, et al.
Telomere length and mental well-being in elderly men from the Netherlands and Greece. Behav
Genet. 2012; 42(2):278-86. [PubMed: 21870178]

Shaffer JA, Epel E, Kang MS, Ye S, Schwartz JE, Davidson KW, et al. Depressive symptoms are
not associated with leukocyte telomere length: findings from the Nova Scotia Health Survey
(NSHS95), a population-based study. PL0S One. 2012; 7(10):e48318. [PubMed: 23133583]
Okereke Ol, Prescott J, Wong JY, Han J, Rexrode KM, De Vivo I. High phobic anxiety is related
to lower leukocyte telomere length in women. PLoS One. 2012; 7(7):e40516. [PubMed:
22808180]

Ladwig KH, Brockhaus AC, Baumert J, Lukaschek K, Emeny RT, Kruse J, et al. Posttraumatic
stress disorder and not depression is associated with shorter leukocyte telomere length: findings
from 3,000 participants in the population-based KORA F4 study. PL0oS One. 2013; 8(7):e64762.
[PubMed: 23843935]

Georgin-Lavialle S, Moura DS, Bruneau J, Chauvet-Gelinier JC, Damaj G, Soucie E, et al.
Leukocyte telomere length in mastocytosis: Correlations with depression and perceived stress.
Brain Behav Immun. 2014; 35:51-7. [PubMed: 23917070]

Mol Psychiatry. Author manuscript; available in PMC 2015 October 01.



Page 14

Needham et al.

Hoyod €66T Ul

0s[e 10Yy0D 000Z Usydinz G/=Nx
3[eIN %00T ‘T'¥8=

abe ues|\ ‘€2T=U :000Z 91940
3[eIN %00T ‘T'¥8=

dn-mojjo} Jeak

$91A003N37 abe Uea|\ ‘viT=U :x0002 Usydinz Apmis Apapi3 | -2 1oyod aandadsoid
11 pue 40d-0 sas bunz 3leIN %00T ‘9°2.= uelal) 7 Apms pue [euooas
U39MI3( UO11eId0SSe ON JLw ST-SA9 abe ues|\ ‘€0z=U :£66T uaydinz Apap|3 uaydinz | -ssouD :sejdwes om ] 28¢T0C ‘WIBYUSNO-sNIY
'S|0J3U0D "SA S3I3WIO|)
110ys JO UOIBJIUSIUOI SHINA aewsa4 %89 (z'6=AS) $]01JU09
Jayealb pey |1d9 $91A003N37 SYAvIn g'ye=abe Ues| ‘gz=U :S|0411U0D Burjiamp-Aunwwo)
1L pue |1dg HSI4-0 03N aeweS %89 (L'2=As) ‘s)uaiedino
U93M18(q UOIBII0SSE ON 1w INIA g'ye=abe Ues|\ ‘gz=U :|1-d9 JLeIYIASY |01JU02-358D 291702 ‘usbeysesa|q
(0e'€=as) Gy y=uesN
Ayaixuy 1oy Bunsnlpe SAVH 3lewad %ST (9'0T=AS)
uaym juediyiubis T°89=0a6k ULSIA ‘Of7/=U :S|0JIU0D
JOU UOIRIJ0SSY $91A00%na7 SAvH (60°'7=AS) 06'8=Uea|\
$|0J3U0d "SA 71 J8Hoys d0d 6-OHd SAVH 8fewad %T¢ (8'0T=AS)
YHM paleldosse aiN LW AI-S1aD ,'T9=abe uea|\ ‘90z=u :adnN Apnis |nos pue 1eaH 101JU02-3SeD PaISaN ¢oTTOC ‘U0H
a[ewd %S9 (8'TT=AS) $1043U00
7L JaHoys yum sa1400)na] 9'9g=abk uea|N /T=U :sjo3u0d | Burjjamp-Alunwwo)
parerdosse ‘QIAl JusLnd ¥od SdaH 8lews4 %/9 (0'TT=AS) sjusiedino
10U INQ ‘AN dWNBYIT 1w alos g'9g=abe ues|\ 8T=U :AIN oLRIYIASd ‘losjuoD-ased 1gTTOZ ‘ZHMOX |0\
a[ewad %Sy (2'51=as)
T'677=90€ Ues|\ 0Z=U :S|043U0D
(103 '1<avl
sa1ho0¥na] 103+avl ‘T=>(Qv.L) 8s0Q juessaidopnuy §]043U0d
$]0.1U09 "SA L Jeuoys jo|g wByInos avi [e101) dfewad %19 (T'¥1=as) | Bulemp-Anunwwod
UMM paleldosse aiN JLw ad-INVvH T'677=abe Uues\ ‘¥G=U :AN sjuanedu| oLIRIYIASH 10J]U02-3seD 090702 ‘UueWeH
afewsS %T¢ (1'6=AS)
Jane 2'Gp=abk Ues|\ ‘gy=U :$]011U0D
L Relo) Jejjagaia)d (aw dg :zs)
pue JapJosip oulelydAsd 40d-0 alewsad %6¢E ‘(7'0T=as) yy=abe sa|duwres
U39MIa( UO11eId0SSe ON LW SPJ029Y |eIIPSIN UeaIAl ‘90T=U :S3seD JIIeIYdAsd anssiy utelq 14INS 10JJU02-3seD 8s0T0¢C ‘Bueyz
jueg
alewa %EeY (¥'8=AS) uawioads JasunjoA
G'0G=abe Ues|\ ‘py=U :5]011U0D AuiesH pleareH
(MBIXUY O/M dg ‘ABIXUY wioJy sjou0)
1L $91A003na7 /M dg ‘A18IXuy 0/m QIN) djewaH {Apn1S sonsusD
J3LI0YS 1M pajeldosse 1019 uIaynos %8 (L'2=ASs) T'1G=0be Uea\ Japiosidg poolN
J13pJOSIp JLIRIYIASd 1w Al-AI0S ‘Pi=u :dnoao ased pauiquio) HOIN Woly sased 10JJu02-3se) 659002 ‘uowis

sbuipui4 Joley

301N0S anssi |
EISEENES T ENE

10s1Q YoAsd J0 aansesip|

uoneindod Apms

894no0s ajdwes

ubisag Apms

Je3 A ‘JoyINy 15414

Author Manuscript

£T0Z — 9002 :y1bus| aiawojar pue A1dIxue ‘Uoissaidap Jo Salpnis JueIXg

T alqel

Author Manuscript

Author Manuscript

Author Manuscript

Mol Psychiatry. Author manuscript; available in PMC 2015 October 01.



Page 15

Needham et al.

asidou

"SA 1L J3uoys as.ld [Ind

7L pue AN
U89MI3( UOIIBID0SSE ON

$91A203Nna7
d0d
1w

s3l
sad
X33a
6-OHd

%6°'95=X33A AN ‘%6'S=6-OHd
AN ‘slewsd %€9 ‘(8'TT=ASs)

GG =abe uea ‘TG=u :as1d |Ind
%S5=X33A AN ‘%ET=6-OHd
AN ‘srewsd %9 ‘(9°0T=as) ¢S
=abe Uea| ‘z9z=U :aS.ld |enied
%'8T=X33A AN ‘%6'€=6-OHd
AN ‘3Jewad %06 ‘(F'€T=as) §'95
=abe UBIIN Nww,wu: :dS1dON

uonre|ndod |elauas)
"Apnis 4 (VHOM)
Bangsbny jo uoifey
3y} Ul Yoseasay
YjeaH anneladoo)

[_UOI103S-SS01D

¢g€T0Z ‘Bimpe

71 J8uoys
UM P3IBId0SSe XUy
7L pue AN

U99MI3] UOIIRID0SSE ON

$91A003na7
Hodb
Jlw

1a1do

alewa %gs (S'TT)

9'€G :abe uesIN ‘0/6=U XUV ON
8lews4 %¢g9 (5'6=AS)
Z'2G=0abk Ues|A ‘80T=U XUy
8lewad %¢gs (€T1=As)

/1 €G=abe ues|\ 086=U :AIN ON
8lewad %v9 (£'0T=AS)

€' 1G=abe uea|\ /6=U :QIN

Apms (AN3IAFHA)
aseasiq abeis

-pu3g JenaseA pue
|euay JO UonUaAdld

dn-moj|o} 1eak-z
110y09 8A9adsoud

grE€T0C 'US0H

$]|0J1U0d 'SA D W JaMo|
UHM PaleIoosse aiN

$91A003na7
oluw

1va
aios

alewsa4 %8¢ (8'9=as)

8’/ z=abe ues|\ 0/=U :S|04U0D
8lewad %0 (0°0T=AS)
L°0€=a0e Ues|\ GT=U AN

S]043U0d
paseq uone|ndod
‘Jusizedul oLIRIYIASH

|041U02-8seD

99€TOT '0ZIY-BIDIED

LY uesw
19MO] YNIM pajeIdosse
Aaixue 2s1qgoyd JaybiH

$91A003Na7
4od-0

1Ly

pbus asswole ]
aAIe|9Yy Ueaw

(192) xapu| dsuD-umoid

3[ewad %00T £¥Z'G=N [e10L
(g9=as)

v.mmnm@m UesIN 66G=U w.wN 100
(59=as) ¥'65=abe

UBBAl Z20'T=U :G 10 ¥ 12D
(99=as)

T1°6G=00e Ues|\ 9T8=U :€ 10D
(99=as)

T1'65=a0e Ues\ 20'T=U :Z 10D
(5'9=as) £'65=abe

Ue3IAl Z8L'T=U :T 10 0 12D

(SHN)
Apnis yijeaH ,sasinN

|0J1U0D-3SEI PAISBN

vgCTOC 'BINO

alewsa4 %05 (6'8T=AS)

$91A003na7 Z'8=abe UBsN GZ2'2=N [e10L
7L pue AN dod €T9=U :(0T=AS30) AIN PaIeAd|a G66T Aoning
U3aMIaq UOoITRII0SSE ON LW a-san 692=U :(9T=AS3D) AW 3]qeqoid Y}[eaH B1109S BAON |BUOIID8S SS0ID ¢g¢ 10T "Jajyeys
SpJ023y [eOIPaIN
V-INVH 8[ewad %007 (2'5=as)
$91A003na7 a-WwvH 9°/£=Uea\ 8by ‘9T=U :S]0J1U0D
7L pue AN d0d-0l INIW alewa %007 (2'6=As) | s101u0d yess [endsoH
U39MIa( UOI1eId0SSe ON JLw alos G'6e=Ues\ 3BV ‘2T=U:QN | ‘swuairedul oLneIydAsd 10JJU02-3seD oCTOZ ‘181SSA3 |
$]041U0D 0sd (85-0v HOI) Ly=ueIpaiN
Buowe 1 Jauoys yum a-sao 0Sd a[ewad %05 (9'11=As)
pare|a1i0d OSd JaybiH $91A003na7 vg 6'8G=abe UB3IAl ‘TGp=U :5]0J3U0D Apnis
'S|0J1U0J "SA ]| JBMOYS poyiaw paiyloadsun 1ag alewsad %09 (T'€T=AS) B[N12g WOJ4 S|01IU0D
UMM paleldosse aiN 1w SPJ029Y |eIIPAN ¥'09=abk Ues|\ ‘T6=U :QIN | ‘siuanedu] oLIRIYIASH 1013U02-3SeD 19CT0Z ‘UBIBNIMN

sbuipuiH Joley

801N0S 8nssi |
‘ANSea|N 343031

10810 YoAsd J0 aansesin

uonendod Apnis

894no0s ajdwes

ubisag Apms

Je3A JoyINy 15414

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Mol Psychiatry. Author manuscript; available in PMC 2015 October 01.



Page 16

Needham et al.

10 M3IAIBIU| [BIIUN]D PRINIONIS :dIDS ‘POYISW UonIeal Ureyd asesswAjod aaleInuenb awn-1eay :40d-0OJ ‘DN 40 UoieziplgAy nus ul 8duadsaionfy aAleIuend :HS|4-0 ‘uonoeal ureyd asesswAjod
anneuenQ 14040 ‘a4reuuonsang) ssans panlddlad :0OSd (81eds SSaNS PanIadlad iSSd ‘aireuuonsand yieaH ualied :6-OHd ‘uonoeay urey) aselawA|od xa|dinjAl SWOIYIOUON :HDd ‘S|189 Jeajonuouow
poojq [esaydiiad :QINgd ‘elreuuonsand Alju3 YJ0MIBN uoirepuno Asjuels :O3JN ‘MalAIsiu] d1TeIYdAsdoInaN [euolieulaiul-1ulA (INIIN ‘81eds Bulrey uoissaidaq Biagsy—Asswobiuoy :SHAVIN

‘yabus| a1awWio]a) UeaIA (LW ‘JUSIUOD BIBWO3) LB DLW ‘abuey ajiuenbuaiu] ;40| ‘swoidwAs anissaidaq Jo A10JUBAU| :SAJ ‘SIIWOUID) pue SIIIBUSS) 10} 181U JedylfeaH Slaulied — [00YIS [eIIpajAl
pieAteH 1e yueg usawidads JasjunjoA AuyieaH :SAH ‘91eds Buirey uoissaida@ uoyiweH :SYQH ‘9102s uoissaidag uoljiweH :a-INVH ‘AlaIxue A)1JaAss uoljiweH - INVH ‘9]edS uolssaidag pue AsIxuy
1e)NdsoH :SAWVH 8]eds uoissaldaq duIels9 :GT-SA9 ‘A1BIXUY 2100Yd JO Xapu] dsuD-umol) 1109 ‘Adesay L aAIS|INAU0I0199|T 1103 ‘AIojuanu| a]A1Saji O JUBWISSASSY Yinoweq |1V d ‘MalIaiu|
onsoubelq Jeuorreussiu] ayisodwo) 1@l ‘uoissaidaq saipnis o160joiwapid3 4oy JRus) :d-S3D (BINPaYIS MalAlslu| dnsoubelq YyiesH [elusiAl 40 a1nisu| [euoleN paziieindwo) AI-S1aD ‘siled

aseq :dq ‘pasinai Aiojuanu| uoissaidaq 299 :11-1ag ‘Aloiuanu] uoissaidaq 289 :1ag ‘A1owanu] Aeixuy 289 :1vg :(elqoydelobe 1o ‘eiqoyd [e100s ‘Japlosiq A1BIXUY pazijeiauss) Japlosip AIBIXUY XUy

UBWIOM
J0U 1N UswW Buowe (sreak
8¢ pue 9z sabe) pouad
Jeak g Jan0 1 O SSO|
Ja1ealf yum pajeroosse
slapJosip Buizijeussiu|
dn-moj|04 ZT0Z 1e Uswom aews4
10U INQ USW Ul 71 JdMOYs %6¢ ‘8e=0by ‘Z/E=U :S]013U0D
UIM pareldosse (el alews Apnis juswdojanaqg dn-moj|o} Jeak Gg
19W SBARM JO Jaquunu) $914003Na7 %8S ‘8e=9bV ‘SS=u :(aSld pue yjeaH 1J0yod
s1apJosip Buizijeussiul 4odb AI-SIA | ‘a ‘av9) 4apaosip Buizijeuasiul Areunjdiosipninin paseq-uore|ndod
10 30UBISISIad 1w osId auo 1se9) 18 Jo AI0ISIH uipsung ‘an11oadsoud 107102 ‘A3[BYS
(¥9'z=as)
'SsalIs panleasad E€=UBSIN ‘0T= U :0¥>8409S SSd
10 S|aA3] JayBIy yIm (s9'5=as)
pare[a.i09 L Jauoys $91A003N37 ‘ee'gi=Ues\ ‘6=U :0<9109S SSd
71 pue AN Hodb-1d SSd alewsad %6/ ‘(8L | siwaned sisoikooisey
UdaMIa(Q UOITRIJ0SSE ON 1w 11-1ag —gT=0buey) Gy=abe ues|\ ‘6T=N 10 0Y09 [eaIul]d [eUOND8S-S501) | ogtTOZ ‘dllEIART-UIBI08D
1L alewad %09 '(6'¥T=AS)
131I0YS YIIM pajeloosse ‘G'0p=abk Ues|\ ‘0TG=U :$]041U0D
Apueoiiubis auipiapioq %/E=A1vIXUY plgiow
Asixuy pigiow -00 8lewad %0/ ‘(§'ZT=As) §'€v=
-0Q/M QIA UBLIND abe uea|\ ‘z08=U AN PanIWay
S|0J1U0J "SA ]| JaMOYS $91A00%na7 0699=A18IXUY pIgIOW (wvasan) Asixuy
UM pajerdosse N dodb sdl | -0 3Jewad %/.6 (T'21=As) L'0v= pue uoissaidaq
paniwal pue ualnd ylog JLw 1ain abe ues|\l G60°T=U :QIN 1U84IND 10 Apn1S spuejiayiaN [euon99s-ssol) 9y€T0OT 'UBNSOYIBA
a[ewdd %ST ‘(§'0T=As)
71 pue sa1ho0yna] ‘Z'89=Ues|\ 80V ‘ey/=U :aN ON
dIN usamiaqg uolreldosse d0d 8lewad 9%0¢ ‘(8'0T=As)
3y} s1aynqg Aoualjisay qlw AI-S1aD ‘,'T9=uUrs|N 3bV ‘G0Z=U :QIN Apnis |nos pue eaH 1041U02-9SBI PalISaN 49€T0C ‘Uewang
a[ewdS 9SS ‘(1'5T=As)
‘)'gG=abk Ue3IN ‘€90'T=U :||eJdnO
aewd %SS ‘(¥8'0=as) T'9.=abe
ued| ‘Ggg=u :(1492) 43pIO
8lewsa %8S ‘(TT'1=As) T'LG=0be dn moj|oy Jeak-GT
Ajuo dnoub abe 1sebunok $91A003na7 uesN ‘Tyy=u :(4ALS) 3IPPIN 1J0yod
Buowre 11 Jsuoys Hodb aewsa4 9%EeS (19'0=as) 9'9c=abe Apms 70-Auam ) paseq-uoirejndod
UHM pareldosse sem ain JLw SAvH ues|N ‘2e€=u :(1A2€) 1s8BUNoO A PUBJ109S JO 1S9 aAndadsoid 1pE€T0Z ‘sdifjiud
904N0S aNnssI |
sbuipui4 Joley ‘aansea| aqawola] | J10s1q yoAsd Jo aansesy uone|ndod Apnis 894no0s ajdwes ubisag Apms JeaA ‘AoyIny 1s414

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Mol Psychiatry. Author manuscript; available in PMC 2015 October 01.



Page 17

Needham et al.

8]eds uoissaidap Bunel-jjas Bunz ayy Jo uonejsues)
yoIng :sas Bunz ‘ajeas Buney eiuely Buno A :SHINA ‘1usired auo Ag usxe) sjuessaldapiue |[e Jo Wns ‘aso uessaldapinuy [e10] dV.L ‘8INisu| Yoseasay [edIpain AsjuelS IHINS ‘H1-Al-INSA

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Mol Psychiatry. Author manuscript; available in PMC 2015 October 01.



Page 18

Needham et al.

Author Manuscript

2ne 256 86T 996 voT'T N
TANAN 7T FANAN 7T v yTT | (omes /1) yibus) alswola)
%8'TT 'S¢ %8¢ ‘L2 %T°0T ‘02 %E'E ‘'2E %SV ‘2GS (9% ‘N) asn jyuessaidopnuy
%ZET ‘8T - %T'L YT %b'T ‘€T %ET LT ad
%ETT 'vT - %9'6 ‘6T %50 G wl'Z 've avo
%€E6L ‘89T - %6'LE ‘GL %9'6 ‘€6 %t T ‘89T Aluo 10844e snoixuy
(% ‘N) sneis Asixuy
%9°€Z '0S %9°C ‘G2 %6'LE ‘GL - %P9 ‘GL an
%Tve 1§ %9°L ‘2L %129 ‘€¢T - %9°0T ‘€¢T Aluo 1oaye passaidag
(9% ‘N) smess uoissaidag
%T°ZE ‘89 %L 62 '€8C %E 67 ‘85 %E0E ‘€67 | %Z0€ 'TSE UBDLIBWY URIIXSIN
%E 02 'eY %€ 6T ‘78T %L'6T ‘6€ %S'6T ‘88T | %S'6T ‘LeC UBDLIBLY UBdLYY
%9'LY ‘T0T %0°'TS '8y %0°TS ‘10T %Z'0G 'S87 | %E0S ‘985 8HYM DluedSIH-UON
(% 'N) Andluyie/eoey
%/.°GS ‘8TT %9'95 ‘6€S %9'85 ‘9TT %095 ‘TVS | %195 ‘2G9 (% ‘N) aewed
0'9'00¢ 8'G'€'6C 8'G'e'0E 6'G'7'6C 6'G ‘7’62 (as ‘W) by
1934 snoixue 1o dd/avo | Awvixue oN | 109ye passaadap Jo gIN | uoissaadap oN 11e49nO
JSEINIY uolissaidaQ
snyes AQ1a1xue pue uoissaidap Ag paljinens sonsualorieyd uedionied
¢3l|qelL

Author Manuscript

Author Manuscript

Author Manuscript

Mol Psychiatry. Author manuscript; available in PMC 2015 October 01.



Page 19

Needham et al.

10>d
.

*

‘50>d
M

“A121uy18/30e1 pue ‘1apuab ‘abe Joj $]04U0D 3pNJOUI S|SPOW ||V 810N

s AN 905 159 0S¢ L2z 985 v9TT N el

T S0 S0 90 €0’ 20 9 S0 2

(017 €0- (zo)t0- | (O) €0 (€07 0 (€07) 90° (s0") vo'- (€07 €0~ (z0") 20— adlo'avo ‘an

(80) 10"~ (zo)10- | (€0) 1O (€0) €0- (€0) S0 (€0) €0 (e0) €0- (¢0)) TO'- | 103ye snoixue Jo passaidaQ

'19Y '19Y JEN| ‘19 '19Y '19Y 19y EN| Ad1xue 1o uoissaidap oN

A181XUVY J0 uoissaadag

80" S0 S0 L0 €0’ 0 9 S0 2

(607) 00° ®0) 20— | (90) 80" | £x(¢0) 20"~ (L0)eT (s0") 10° (¥0") v0'- (€0") 20— adloavo

(60) 0 (zo)zo- | (c0) 10 (¥0) 50"~ (c0) 100 (€0) 2o (e0) €0- (c0) 10~ 199)4e SnoIXUY

g 1o gEx| gEX| gEX| gEX| gEX| gEX Aya1xue oN

ABIXUY

A S0 S0 90’ €0’ 20 90 S0 d

[e1) 9z~ @0)00- | (000 | (s0)s0- 0") 00° 0) L0- (€0)e0- | (€0)g0- an

(607) 20~ (zo) 10- | (v0) 20~ (€07) T0- (¥0) 90° (€0) €00 (€0") v0- (z0) T0- 10948 passaidaq

gEX| gEX| 19y gEX gEX g gEx| gEX uoissaidap oN

uoissaadag
39)d 39) 4 @s)d 394 394 394 @s)d (ESK
sjuessaidapnuy | sjuessaidapiiuy oN ETEIN 9Jewad | uedlLIBWY URDIX3IN | uedlIsWY uedLyy | aMyAA dluedsiH-uoN | ajdwes |jn4

Author Manuscript

(ones s/1) yibua] a1swo]a] pawaojsuell-6o| pue snyels AlaIxue pue uoissaldap usamiag UOIIRIN0SSY

€9lgel

Author Manuscript

Author Manuscript

Author Manuscript

Mol Psychiatry. Author manuscript; available in PMC 2015 October 01.



