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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 (β: −0.07, p<0.01), but 

there was no relationship among men (β: 0.08, p>0.05). Among respondents currently taking an 

antidepressant, those with MD had shorter telomeres than those without (β: −.26, p<.05), but there 

was no association between MD and telomere length among those not using antidepressants (β: −.

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. 5, 6 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, 7, 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.14 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). 15

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, 25–27 dementia, 28–31 cancer, 32, 33 and increased 

mortality, 32, 34–45 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.46 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

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-IV), 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. 53 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.

Moderators

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. 54 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

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,55 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-tests56 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. 57 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.

RESULTS

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 used 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 (β: −0.07, p<0.01), but not men (β: 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 (β: −.26, p<.05), but not among non-users (β: −.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 Ha (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 

(α) 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; 67 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 psychopathology68 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. 74 Depressive and 

anxious symptomology was assessed using a structured diagnostic instrument that has good 

reliability.75 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, 76–78 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, 79 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. 80

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.
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