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Abstract

Background—Reduced leukocyte telomere length (LTL) has been found to be associated with 

multiple common age-related diseases, including heart disease, diabetes, and cancer. A link has 

also been suggested between shortened LTL and major depressive disorder (MDD), suggesting 

that MDD may be a disease of accelerated aging. This prospective, longitudinal study examined 

the association between depression diagnosis at baseline and change in LTL over two years in a 

well-characterized sample of N=117 adults with or without MDD at baseline, using rigorous entry 

criteria.
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Methods—Participants aged 18 to 70 were assessed with validated instruments by trained, 

doctoral-level clinician raters at baseline and at two-year follow-up, and blood samples were 

obtained at both visits. LTL was assayed under identical methods using quantitative polymerase 

chain reaction (qPCR). The effect of an MDD diagnosis at baseline on change in LTL over two 

years was examined via hierarchical mixed models, which included potential confounders.

Results—Individuals with MDD at baseline had greater LTL shortening over two years than 

individuals without MDD (p = 0.03), even after controlling for differences in age, sex, and body 

mass index (BMI). In the sub-sample of individuals with MDD diagnoses at baseline, no 

significant associations between LTL change and symptom severity or duration were found.

Conclusion—A baseline diagnosis of MDD prospectively predicted LTL shortening over two 

years. Our results provide further support for MDD as a disease associated with accelerated aging 

in a well-characterized sample using validated, clinician-rated measures.
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1. INTRODUCTION

Major depressive disorder (MDD) is associated with elevated morbidity and mortality from 

multiple age-related medical illnesses, including cardiovascular disease and cancer (Carney 

and Freedland, 2017; Cosci et al., 2015). This risk remains after controlling for potential 

health behavior confounders, such as smoking and exercise (Penninx et al., 1998). 

Investigations into biological mechanisms suggest that dysregulated stress and immune 

responses are present in individuals with depression (Chrousos, 1998; Pariante and Miller, 

2001; Raison and Miller, 2003; Simon et al., 2006), that they may accelerate aging by 

causing chronic “wear and tear” in cells and tissues, and that they result in increased 

vulnerability to age-related medical disorders (Kop et al., 2010; Maes et al., 2011). Genetic 

predispositions to accelerated biological aging may also confer increased risk for depression 

(Michalek et al., 2017).

Emerging evidence supports telomere length as a marker of cellular aging. Telomeres are 

nucleoprotein complexes comprised of long, double-stranded TTAGGG repeats that cap the 

ends of chromosomal DNA. By preventing end-to-end recombination at chromosomal 

termini during cell division, telomeres protect DNA and thereby maintain chromosomal 

integrity (Blackburn, 2010). Telomeres shorten with repeated cell divisions, due to 

incomplete replication of the telomere ends and stress-related oxidative damage (Wolkowitz 

et al., 2011). Therefore, telomere shortening could reflect a stress response.

Leukocyte telomere length (LTL) has typically been measured for clinical studies, because 

peripheral blood is readily accessible (Price et al., 2013). LTL is an ideal marker of stress-

related cellular aging, due to the sensitivity of telomeres to stress-related oxidative damage 

(Hovatta, 2015; Zhang et al., 2014). Multiple studies have assessed the relationship between 

MDD and LTL, but results from individual studies so far have been mixed (e.g., see 

Lindqvist et al., 2015; Schutte and Malouff, 2015 for reviews).
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Four recent meta-analyses found significant associations between depression and shorter 

LTL. A meta-analysis by Schutte and Malouff (2015), pooling 25 cross-sectional and 

longitudinal studies (N= 21,040), found depression to be significantly associated with 

shorter telomere length (r = −0.12, 95% CI = −0.17 to −0.07, Cohen’s d not reported). Lin 

and colleagues’ meta-analysis (2016) of 16 case-control studies pooled N=7207 participants 

and cross-sectionally compared telomere length between depressed individuals and healthy 

controls, revealing significantly shorter telomere length in the depressed group (Hedges’ g = 

−0.42 corresponding to r = −0.21, 95% CI = −0.60 to −0.25). Ridout et al. (2016) pooled 38 

cross-sectional, case-control, and cohort studies involving N=34,347 subjects and found a 

significant association between depression and telomere length (Cohen’s d = −0.205, 95% 

CI = −0.288 to −0.122). Finally, Darrow et al.’s meta-analysis (2016), which examined 27 

studies utilizing various designs and pooled N=14,827 participants, found that psychiatric 

disorders overall (including depressive disorders, PTSD, anxiety disorder, psychotic 

disorder, and bipolar disorders) were associated with significantly shorter LTL (Hedges’ g = 

−0.50, 95% CI = −0.70 to −0.30). Furthermore, the subgroup effect size of depressive 

disorders was moderate (Hedges’ g = −0.55, 95% CI = −0.92 to 0.18), although this result 

did not reach statistical significance.

Cross-sectional studies are limited by substantial variability in telomere length across 

individuals regardless of the presence of disease (Aviv et al., 2006; Takubo et al., 2002). 

Inter-individual variability reduces the power and reliability of cross-sectional studies, and it 

has been estimated that five times fewer subjects would be required to detect an association 

between depression and telomere length in a longitudinal study (Aviv et al., 2006).

To our knowledge, only six prospective longitudinal studies have assessed the relationship 

between MDD and LTL (Hoen et al., 2011; Hoen et al., 2013; Rius-Ottenheim et al., 2012; 

Shalev et al., 2014; Verhoeven et al., 2016; Verhoeven et al., 2017), yielding mixed results. 

These measured LTL using quantitative polymerase chain reaction (qPCR) and controlled 

for a range of potential confounds, including age, sex, antidepressant use, smoking, activity 

level, physical health, body mass index (BMI), adverse life events, and educational level. 

However, they were all secondary analyses of banked blood collected for other purposes, 

and as such they may not have treated samples under ideal clinical collection conditions. 

Additionally, some did not use doctoral-level trained interviewers to assess psychiatric 

diagnoses. For example, three studies (Rius-Ottenheim et al., 2012; Hoen et al., 2013; 

Verhoeven et al., 2017) used self-rated scales, and one study (Hoen et al., 2011) used a 

clinician-rated scale administered by research assistants.

Hoen et al. (2011) used data from the Heart and Soul study, assessing N=952 participants at 

baseline and n=608 at follow-up; they found MDD was associated with shorter LTL at 

baseline but not at 5-year follow-up. Hoen et al. (2013) used data from the Prevention of 

Renal and Vascular End-stage study and found that anxiety, but not depressive, disorders 

were associated with shorter LTL at follow-up in N=974 participants. Shalev et al. (2014) 

found that persistence of “internalizing disorders” (MDD, generalized anxiety disorder, 

posttraumatic stress disorder) from ages 11 to 38 predicted shorter LTL at follow-up in a 

dose-dependent manner only among men. Rius-Ottenheim et al. (2012) found no association 

between LTL shortening over a 7-year period and depression symptom severity in elderly 
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men from the Netherlands (n=203) and Greece (n=123). Verhoeven et al. (2016) found that, 

compared to controls, those with a current or remitted depressive or anxiety disorder had 

shorter LTL at both baseline and 6-year follow-up; however, neither baseline diagnosis nor 

symptom change were associated with the LTL shortening rate. Verhoeven et al. (2017) 

found that higher average scores of depression across a 10-year period were associated with 

shorter LTL, but within-subject increases in self-reported depression were not associated 

with LTL change. In summary, existing prospective studies did not consistently find an 

association between psychiatric disorders, including MDD or depressive symptoms, and 

telomere shortening, and those found varied in their persistence over time and population 

impacted. These mixed data indicate a need for additional longitudinal research.

Consideration of potential confounders such as age and sex (Aubert and Lansdorp, 2008; 

Gardner et al., 2014) as well as BMI (Müezzinler et al., 2014) is also important in studies of 

MDD and LTL. Exposure to traumatic events and early-life stress should also be assessed, as 

they are associated with both psychiatric disorders (Heim and Nemeroff, 2001) and telomere 

shortening (Price et al., 2013; Shalev et al., 2013) Of note, one study found that individuals 

with PTSD had shorter telomeres than controls, and childhood trauma exposure largely 

accounted for this finding (O’Donovan et al., 2011).

We used a prospective, longitudinal design to examine the association between a current 

MDD diagnosis at baseline in participants whose depression had an onset at least five years 

prior and relative LTL change over two years. We extensively characterized our sample at 

baseline and follow-up (see Simon et al., 2015 for baseline data), including for age; sex; 

race; ethnicity; educational level; living situation; BMI; smoking pack-years; exercise level; 

antidepressant use; trauma exposure during childhood and adulthood; depression symptom 

severity; general anxiety symptom severity; and perceived stress. Individuals with 

characteristics previously linked to shorter telomere length were excluded, such as severe 

obesity (Muezzinler et al., 2014) and severe ongoing medical illnesses (Kong et al., 2013). 

Psychiatric diagnosis was assessed by doctoral-level interviewers using the Structured 
Clinical Interview for DSM-IV (SCID; First et al., 2002). We hypothesized that MDD 

diagnosis at baseline would be independently predictive of greater LTL shortening over two 

years, even after taking into account a range of potential confounders.

2. MATERIALS AND METHODS

2.1 Participants

Adults aged 18 to 70 years with a primary diagnosis of MDD and healthy controls were 

recruited to the Center for Anxiety and Traumatic Stress Disorders at the Massachusetts 

General Hospital (MGH) through referral and advertisement. After initial screening by 

telephone, potentially eligible individuals were assessed in person by trained, experienced 

doctoral-level (MD or PhD) clinicians for psychiatric disorders using the SCID for DSM-IV 
(First et al., 2002). Participants meeting entry criteria completed interviewer-rated and self-

report questionnaires, and also underwent phlebotomy, at both baseline and two-year follow-

up. Participants provided written informed consent and were compensated $75 at baseline 

and $75 at follow-up for study participation. All study procedures were approved by the 

Institutional Review Board at MGH. The participants in this study were a longitudinal 
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follow-up subsample of our previous cross-sectional study assessing the association between 

MDD and LTL in n=50 out of 166 adults with MDD who had signed consent and agreed to 

two-year follow-up and n=67 out of 166 age- and sex-matched controls (see Simon et al., 

2015). In this follow-up cohort, cases and controls were not one-to-one age- and sex-

matched due to loss to follow-up.

Entry criteria for the study included current chronic or recurrent MDD, with the first lifetime 

episode of depression diagnosed at least five years prior to study enrollment and meeting full 

criteria for a current major depressive episode at the time of study entry. Participants may 

have had a previous remission, but must have been in a current major depressive episode 

during screen and phlebotomy. Lifetime psychosis, bipolar disorder, mental retardation, and 

organic medical disorders were exclusionary, as were current eating disorders and current 

substance use disorders (including alcohol use disorder). Control participants did not meet 

diagnostic criteria for any lifetime DSM-IV Axis I psychiatric disorder. In both groups, a 

history of lifetime substance use disorders was allowable if criteria had not been met for at 

least the past 12 months. In order to prevent selective survival bias (i.e., the most severely 

depressed participants with the shortest telomeres may have a greater risk for earlier death 

and thus be missing from comparisons between older age groups, biasing the MDD sample 

towards those less impacted), the maximum age of participants at baseline was limited to 70. 

Current cancer, chronic inflammatory disorders, diabetes, unstable cardiovascular illness, 

epilepsy, surgery within the past four weeks, severe obesity (BMI > 35), and pregnancy were 

exclusionary to reduce potential confounders. Use of any psychiatric medication in the two 

weeks (four weeks for fluoxetine) prior to screen, or of anti-inflammatory medications in the 

three days prior to phlebotomy, was exclusionary. Lifetime psychiatric medication use was 

not exclusionary. If participants were using antibiotics or undergoing an acute infectious 

process such as an upper respiratory infection, they returned for phlebotomy one week after 

symptom resolution or completion of antibiotics.

2.2 Measures

Demographic and clinical information, including BMI, exercise frequency, smoking history, 

medical history, and a battery of self-rated and clinician-rated questionnaires were 

administered at baseline and follow-up. Trained study psychiatrists and psychologists used 

the Structured Clinical Interview for DSM-IV (SCID; First et al., 2002) to assess current and 

lifetime psychiatric disorders. The 10-item Montgomery-Asberg Depression Rating Scale 
(MADRS; Montgomery and Asberg, 1979), a validated, clinician-administered measure of 

depression with total scores ranging from 0 to 60, was used to assess depressive symptom 

severity. The 14-item Hamilton Anxiety Rating Scale (HAM-A; Hamilton, 1959) was used 

to measure the severity of general anxiety symptoms. Lifetime exposure to antidepressant 

medication was formally assessed and categorized as less than 6 months or greater than 6 

months of cumulative exposure. The 10-item, self-report Perceived Stress Scale (PSS; 

Cohen et al., 1983) was used to measure subjective stress during the last month.

Two inventories were used to assess the effect of traumatic life experiences. The Early 
Trauma Inventory Self-Report short form (ETISR-SF; Bremner et al., 2007) assessed trauma 

exposure before age 18, including four categories: general trauma (11 items), physical abuse 
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(5 items), emotional abuse (5 items), and sexual abuse (6 items). The Traumatic Events 
Questionnaire (TEQ; Vrana and Lauterbach, 1994) assessed cumulative exposure to 11 

categories of childhood and adult traumatic life events in a self-rated format.

2.3 Collection of blood samples and DNA extraction

Participants underwent phlebotomy at rest between 9 AM and 7 PM during their baseline 

and follow-up visits. Total DNA for telomere assays was isolated from anticoagulated whole 

blood (stored at −20 degrees Celsius) using the Qiagen DNeasy Blood and Tissue Kit 

(Qiagen, cat no. 69506).

2.4 Assessment of telomere length

Relative LTL was assessed using quantitative polymerase chain reaction (qPCR), a well-

validated method that has been shown to correlate well with the gold standard of Southern 

blot and that is now commonly used (e.g., Cawthon, 2009). The ratio of telomere repeat 

copy number to a single gene copy number (T/S) was determined using a modified, high-

throughput version of the qPCR telomere assay (Cawthon, 2002) that has been previously 

described (Wang et al., 2008), run on the Applied Biosystems 7900HT Sequence Detection 

System (Foster City, CA, USA). Triplicate reactions of each assay were performed for each 

sample. Relative LTL was reported as relative T/S (T/S of the sample divided by the T/S of a 

within-plate reference sample) exponentiated ratios (Cawthorn, 2009). The telomere and 

single-gene assay coefficients of variation (CVs) for triplicates were <2.5% for baseline and 

<2% for follow-up. CVs for the exponentiated T/S ratio at baseline and follow-up were 

13.4% and 11.7%, respectively.

Although procedures were identical, baseline and follow-up samples were not run within the 

same qPCR batches and thus used different within-plate reference samples. To minimize the 

impact of a batch effect, we calculated the natural logarithm of relative LTL to improve 

normality, checked for outliers using the generalized extreme studentized deviate many-

outlier procedure (Rosner, 1983; no outliers were detected at α = 0.05), and computed z-

scores of the log-transformed relative LTLs among samples taken at each time point.

2.5 Statistical analysis

To assess for baseline demographic and clinical differences between individuals with MDD 

and healthy controls, we used t-tests for continuous variables and Fisher’s Exact Tests for 

categorical variables. We used hierarchical mixed models with relative LTL as the outcome 

variable, baseline MDD diagnosis, time, and the interaction of MDD diagnosis with time as 

predictors, and modeling repeated measures over time per person with an unstructured 

covariance matrix. The main outcome of interest was relative LTL change from baseline to 

follow-up (i.e. interactions with time). We followed up this basic model with an extended 

model that accounted for previously reported effects of age, sex, and BMI by adding age, 

sex, and baseline BMI as additional covariates and slope moderators to the mixed model. We 

then screened all the remaining demographic and clinical variables listed in Table 1 (with the 

exception of MADRS scores, anti-depressant use, and months of MDD, because these were 

MDD-specific or highly correlated) in models analogous to the base model, but replacing 

MDD and the MDD by time interactions with each predictor and predictor by time 
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interaction in turn. Any potential predictors that had significant moderating effects on time 

at p < 0.1 were also entered into the extended model. Lastly, to explore whether trauma 

exposure might explain any of the variation in relative LTL, we also ran models with 

childhood trauma exposure (ETISR-SF total scores at baseline), and trauma exposure at 

baseline (TEQ total scores at baseline) or in the intervening years (TEQ total scores at 

follow-up) as additional baseline covariates and moderators, both individually and in 

combination. We calculated the effect size (ES) of the group difference in relative LTL 

change scores using the standard deviation of the change scores in each group to reflect 

within-group changes over time without removing the effect of pretest-posttest correlations 

(Feingold, 2009): ES = (M change-MDD / SDchange-MDD) − (Mchange-HC / SDchange-HC), 

where Mchange-MDD and Mchange-HC are the mean change scores for the group with MDD at 

baseline and healthy controls, respectively, while SDchange-MDD and SDchange-HC are the 

standard deviations of their respective change scores. As an additional follow-up analysis, 

we then screened all variables that assessed symptom severity at baseline, across the 

intervening years, or at follow-up in the sub-sample of people with MDD at baseline (i.e., 

MADRS, HAM-A, and PSS scores at baseline and follow-up, anti-depressant use for more 

than 6 months at baseline or during the follow-up period, months of MDD at baseline or 

during the follow-up period) using the basic mixed model described above to assess if 

symptom severity had any association with LTL change. The level of statistical significance 

was set to α = 0.05 (two-tailed) for all analyses, unless otherwise specified. All analyses 

were performed using SAS (Version 9.4 of the SAS System for Windows).

3. RESULTS

3.1 Demographic and clinical characteristics

Table 1 shows the baseline, follow-up, and change in demographic and clinical 

characteristics of the N=117 individuals who completed study follow-up, according to their 

MDD diagnosis at baseline (n=67 adults without MDD and n=50 with MDD). Table 2 

presents the simple correlations for potential predictors and LTL at baseline and at year 2.

3.1.1 Baseline characteristics—There were no significant differences in age, sex, race, 

ethnicity, or highest educational level between the baseline depressed and non-depressed 

groups. Marital status did differ significantly between the two groups: non-depressed 

individuals were more likely to be married or living with a partner at baseline compared to 

individuals with MDD. In the MDD group, the mean ± SD duration of MDD at baseline was 

128.9±122.5 months. Participants with baseline MDD also had significantly higher MADRS 

total scores, HAM-A total scores, and PSS total scores at baseline than study participants 

without MDD, and were also more likely to report early traumatic events at baseline on the 

ETISR-SF and traumatic events at baseline on the TEQ (Table 1). With respect to health 

behaviors, participants with baseline depression had greater BMIs on average than healthy 

controls (though truncated by exclusion criteria requiring BMI below 35) and were less 

likely to report exercising more than once per week during the previous year. Depressed 

participants were not more likely to report lifetime alcohol or substance use diagnoses and 

did not differ in smoking pack-years from the non-depressed participants.
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3.1.2 Change in characteristics between baseline and follow-up—At the follow-

up visit, one individual in the healthy control group at baseline received an MDD diagnosis, 

and 33 individuals with baseline MDD no longer had a current MDD diagnosis, resulting in 

only 30% with a current full diagnosis of a major depressive episode (Table 1). Of note, 9 

participants had incomplete or missing SCID diagnostic data (3 MDD and 6 controls). 

Despite this reduction in follow-up MDD diagnoses, participants with baseline MDD still 

had higher MADRS, HAM-A, and PSS scores at follow-up compared to the non-depressed 

control group. Participants in the baseline MDD group were, furthermore, more likely to 

report a higher number of traumatic events they had experienced in the intervening two 

years, were more likely to be diagnosed with a new alcohol or substance use disorder, and 

had smoked more during the intervening two years than participants without MDD at 

baseline (Table 1). The groups no longer differed in the proportion of people who exercised 

more than once a week, but the differences in BMI observed at baseline persisted.

3.2 Telomere length changes by MDD diagnosis

In the basic hierarchical mixed model that used only MDD diagnosis at baseline as a 

covariate and slope moderator, MDD was associated with greater relative LTL shortening 

over two years (b = −0.55 ± 0.24, F(1, 115) = 5.14, p = 0.03). The mean relative telomere 

length change (M ±SD) was 0.233±1.323 among individuals without MDD diagnosis at 

baseline and −0.313±1.240 among individuals with MDD at baseline (Table 1). The overall 

correlation between relative LTL at baseline and follow-up was low (r = 0.14), and the effect 

of a baseline MDD diagnosis on relative LTL change was small to medium (ES = 0.43).

3.3 Assessment of potential confounders

Baseline depression was a significant predictor of LTL change even after accounting for 

potential confounders. Of the potential covariates considered, only age, anxiety severity 

(HAM-A), and a lifetime diagnosis of alcohol or substance use disorders at baseline 

moderated the simple effect of time on relative LTL at a significance level of p < 0.1. Of 

these, HAM-A could not be entered into the exploratory mixed models due to its high 

correlation with MDD at baseline (r = 0.90). The addition of age, sex, and baseline BMI as 

covariates and moderators of the time effect (Table 3, Model 2) had little impact on the 

moderating effect of baseline MDD diagnoses on relative LTL change over time (b = −0.54 

± 0.25, F(1, 112) = 4.90, p = 0.03). In this extended model, age emerged as a baseline 

covariate of relative LTL (b = −0.02 ± 0.01, F(1, 112) = 5.17, p = 0.02), but did not moderate 

relative LTL change over time (F(1, 112) = 3.14, p = 0.08), and neither sex nor BMI were 

significantly associated with relative LTL or change in relative LTL (Table 3, Model 2). In 

our exploratory models, none of the additional predictors added (i.e., lifetime diagnosis of 

alcohol or substance use disorders at baseline, baseline ETISR-SF total scores, TEQ total 

scores at baseline, and TEQ total scores at follow-up) emerged as significant covariates of 

relative LTL or moderators of change over time in relative LTL (Table 3, Models 3–7), and 

MDD diagnosis at baseline ranged from being barely non-significant (b = −0.57 ± 0.30, 

F(1, 106) = 3.79, p = 0.05; Table 3, Model 4) to being a significant moderator (b = −0.73 

± 0.27, F(1, 98) = 7.20, p < 0.01; Table 3, Model 5) with a fairly stable negative effect on 

relative LTL over time. Finally, additional follow-up analyses supported that neither 

adjustment for the moderating effect of new onset of alcohol and substance use disorders, 
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nor for the moderating effects of current smoking (past 2-year pack-years) altered the 

significance of the MDD-LTL change relationship, and neither of these moderators was a 

significant moderator of LTL change (data not shown).

3.4 Telomere length changes and symptom severity among individuals with MDD

Among only the study participants with MDD at baseline (n=50), none of the measures of 

symptom severity examined showed any significant association with LTL change scores (all 

p > 0.3). These included depression severity (MADRS), anxiety severity (HAM-A), 

perceived stress severity (PSS), antidepressant use measures, and depression duration 

measures.

4. DISCUSSION

Using z-scores to standardize LTL across the baseline and follow-up assays, we found 

significantly greater relative LTL shortening over two years in participants with an MDD 

diagnosis at baseline compared to baseline healthy controls, indicating that LTL decreased 

more in the MDD group than in the healthy controls. Similar to our baseline paper (Simon et 

al., 2015), our prospective study of an extensively characterized sample of adults with and 

without MDD found no significant differences in LTL as measured by qPCR between 

groups at baseline. However, at two-year follow up, the MDD group had significantly 

shorter LTL. A range of potential correlates of LTL change were examined in the whole 

sample, and only age, lifetime alcohol or substance use disorder at baseline, and symptom 

severity moderated the simple effect of time on relative LTL. The addition of age, sex, and 

BMI into the model as covariates and moderators of the time effect did not have a significant 

impact on the effect of baseline MDD diagnoses on relative LTL change over time, and 

neither did exploratory confounders such as lifetime diagnosis of alcohol or substance use 

disorders at baseline, baseline ETISR-SF total scores, TEQ total scores at baseline, or TEQ 

total scores at follow-up. In the MDD group, rates of current depression were relatively low 

at year 2, with many patients who remitted over the 2 years. Indices of depression severity or 

duration did not, however, show any significant associations with LTL change within the 

MDD group. Our data, therefore, support the hypothesis that an association exists between 

MDD and telomere shortening, and that this relationship is more likely to be a threshold 

than a linear relationship. That MDD independently predicts telomere erosion, even after 

careful entry criteria excluding severe obesity (BMI > 35) and other potential confounds as 

well as adjustment for other potential confounds, suggest the potential for a mechanism that 

is not accounted for by the potential confounds assessed in our well-characterized sample.

This study builds upon the existing literature on the association between depression and 

telomere shortening in several ways. Its prospective design controls for the intra-individual 

variability in telomere length that could not be adequately assessed cross-sectionally. The 

use of the well-validated, doctorate-level-clinician-administered SCID to diagnose 

depression supports the clinical reliability of the MDD diagnosis. Further, we used rigorous 

enrollment criteria, requiring at least five years since the onset of the first major depressive 

episode as well as a current depressive episode, in order to ensure that MDD was a primary 

diagnosis of sufficient severity and length to potentially impact telomere length. We also 
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performed extensive formal characterization of lifetime comorbidities, environmental 

stressors, and medical illnesses, and recruited a sample with careful selection criteria, 

limiting potential confounding by factors, such as severe obesity, that may not be sufficiently 

adjusted for by statistical approaches alone. Our study cannot fully rule out, however, 

whether the MDD-LTL association might be explained by residual unmeasured confounding 

across a range of other factors associated with depression that may together have cumulative 

effects contributing to telomere shortening.

It is unclear why differences in LTL length between the MDD and control groups would not 

have been present at baseline, but developed over a two-year period. This finding stands in 

contrast to Verhoeven et al. (2016), who found that differences were present at baseline 

between those with depressive or anxiety disorders and healthy controls, but that the rate of 

telomere erosion did not change over a 6-year follow-up. One consideration is that our 

rigorous study entry criteria developed to limit confounding, including the exclusion of some 

medical conditions, may have selected an unrepresentative cohort of patients with MDD. For 

example, enrolled patients were required to be free of antidepressants at study entry in order 

not to interfere with experimental assays, such as telomerase examined in the baseline 

sample (Simon et al., 2015), and this may have limited the chronicity and severity of the 

sample. In line with this explanation is the finding from a prior report on the same cohort 

showing no difference in inflammatory markers at baseline (Cassano et al., 2017). A 

hypothesis to explain the lack of a significant finding in our baseline results is that the load 

of additional depression chronicity during the study period accelerated telomere erosion. 

However, neither lifetime duration of depression nor duration of depressive symptoms from 

baseline to follow-up predicted LTL change in the MDD group, suggesting that the 

chronicity of depression is not linearly associated with LTL erosion. Additionally, it could 

be hypothesized that the severity of the psychopathology increased from baseline to follow-

up in our sample, leading to accelerated cellular aging and LTL shortening. However, a large 

proportion of the people with MDD at baseline no longer had a current MDD diagnosis at 

follow-up, average depression and anxiety symptom severity at follow-up was lower than or 

equal to symptom severity at baseline (Table 1), and neither depression nor anxiety severity 

predicted LTL change in the MDD group.

Some explanations for our finding of no significant interactions between most of the 

potential confounders we measured in the groups with and without baseline depression and 

change over time in LTL can also be posited. First, two years of follow-up may not be 

sufficient time to allow for the adequate assessment of some of the factors that impact 

change in LTL. Our finding of a lack of association when shorter prospective time frames 

are used is in line with what currently exists in the literature. In their two-year study, Hoen et 

al. (2013) found that anxiety disorders predicted shortened LTL, but that the association was 

not explained by adverse life events, lifestyle factors, educational level, or antidepressant 

use. On the other hand, in their twelve-year study, Shalev et al. (2014) found that men with 

internalizing disorders showed accelerated LTL erosion and that a number of alternative 

explanatory variables (childhood maltreatment, cigarette smoking, substance use disorders, 

psychiatric medication use, physical health problems, and socioeconomic status) were all 

significantly correlated with LTL shortening. Therefore, the effect of these confounds on 

LTL erosion may be small and require a larger sample size or more than two years to 
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become statistically detectable using current methods. Our main finding was fairly robust to 

the addition of a range of potential confounders to our model (Table 3).

The present investigation had several limitations. Although we extensively characterized our 

sample, it is impossible to be fully comprehensive. The assessment of other potential 

confounds that could explain the association between MDD and telomere shortening, such 

as parental age and genetic contributors, may have been missed. In addition, we had a 

relatively small sample size compared to some other investigations of LTL over time in 

depression (Hoen et al., 2011; Hoen et al., 2013; Shalev et al., 2014; Verhoeven et al., 2016; 

Verhoeven et al., 2017). Further, although the baseline and follow-up telomere length qPCR 

assays were performed in the same laboratory, and all samples were processed in the same 

batch at each time point, some degree of “batch drift” between the two time points could 

have occurred and contributed to differences in the measured LTL. Thus, while the same 

conditions were present for the MDD and control samples each time, relative telomere 

length at baseline and year 2 could not be compared side-by-side due to the difference in 

composition between reference samples in the baseline and follow-up assays. This 

necessitated the transformation of the LTL T/S ratio using z-scores, which has been 

previously established as a methodology in the literature (Du et al., 2012), but might obscure 

significant differences across the longitudinal assays. Additionally, the use of qPCR (as 

opposed to the Southern blot technique) is associated with larger measurement error, which 

is exacerbated by relatively shorter follow-up periods (Steenstrup et al., 2013). These 

phenomena, including a relatively low simple correlation of baseline and year 2 LTL (r = 

0.14), may explain why LTL in healthy controls appeared to have increased slightly (though 

significantly) over the two-year study period, as well as some of the differences in 

associations of predictors with baseline and 2-year LTL (Table 2).

In summary, despite some limitations, our prospective, two-year study of a well-

characterized sample with chronic MDD and healthy controls adds to previous literature 

suggesting that major depression at baseline independently predicts LTL shortening 

prospectively over time. This finding lends further support to the hypothesis that MDD is a 

disease of accelerated aging. It is of note, however, that we were unable to include anxiety or 

perceived stress into our model due to their very high correlation with depression. 

Depression may be a marker for higher levels of anxiety, stress, and a range of potentially 

overlapping psychological states (and potentially health-related behaviors and physiological 

responses) that may together contribute to cumulative effects on telomere erosion. Future 

research might examine cross-diagnostic mechanisms by which mood, anxiety, and stress 

together may accelerate telomere shortening, as well as potential immune and 

neurobiological mediators and their change with biological and psychological depression 

treatments.
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Highlights

• A baseline diagnosis of MDD prospectively predicted LTL shortening over 

two years.

• Hierarchical regression analyses found this MDD-telomere effect versus 

controls.

• These well-characterized data provide further support for MDD and 

accelerated aging.
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Table 2

Pearson and point-biserial correlation coefficients between variables potentially confounded with depression 

and mean relative LTL at baseline and follow-up in all study participants (N range: 87–116).

Potential predictors

Relative
LTL

at baseline

Relative
LTL

at follow-
up

Variables assessed at baseline

Age, years −0.07 −0.29 **

Sex, male, y/n −0.12 −0.11

Living with partner/married, y/n −0.01 0.03

MADRS total score 0.05 −0.21 *

HAM-A total score 0.04 −0.21 *

PSS total score −0.03 −0.15

Lifetime MDD duration, months −0.02 −0.18

Lifetime antidepressant use, > 6 months, y/n 0.01 −0.18

ETISR-SF total score −0.04 −0.09

TEQ total score 0.00 −0.07

Lifetime alcohol or substance use disorder, y/n −0.02 −0.24 *

Lifetime smoking, pack-years −0.04 −0.16

BMI −0.08 −0.25 **

Exercised more than once a week, past year, y/n −0.02 0.04

Variables assessed at follow-up

MADRS total score n/a −0.28 **

HAM-A total score n/a −0.24 *

PSS total score n/a −0.22 *

Lifetime MDD duration, months n/a −0.20 *

Lifetime antidepressant use > 6 months, y/n n/a −0.23 *

TEQ total score n/a −0.03

Lifetime alcohol or substance use disorder, y/n n/a −0.21 *

Lifetime smoking, pack-years n/a −0.13

BMI n/a −0.23 *

Exercised more than once a week, past year, y/n n/a 0.02

Key:

*
p < 0.05,

**
p < 0.01.

MDD = major depressive disorder, MADRS = Montgomery–Åsberg Depression Rating Scale (range: 0–60, where higher scores indicate greater 
depression severity), HAM-A = Hamilton Anxiety Rating Scale (range: 0–56, where higher scores indicate greater severity of anxiety), PSS = 
Perceived Stress Scale (range: 0–40, where higher scores indicate higher perceived stress), ETISR-SF = Early Trauma Inventory Self Report-Short 
Form, TEQ = Traumatic Events Questionnaire, BMI = body mass index, y/n = yes/no.
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