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Abstract

Background—Major depressive disorder (MDD) has been associated with changes in mean 

telomere length and mitochondrial DNA (mtDNA) copy number. This study investigates if clinical 

features of MDD differentially impact these molecular markers.

Methods—Data from a large, clinically ascertained sample of Han Chinese women with 

recurrent MDD were used to examine whether symptom presentation, severity, and comorbidity 

were related to salivary telomere length and/or mtDNA copy number (maximum N=5284 for both 

molecular and phenotypic data).

Results—Structural equation modeling revealed that duration of longest episode was positively 

associated with mtDNA copy number, while earlier age of onset of most severe episode and a 

history of dysthymia were associated with shorter telomeres. Other factors, such as symptom 

presentation, family history of depression, and other comorbid internalizing disorders, were not 

associated with these molecular markers.

Conclusions—Chronicity of depressive symptoms is related to more pronounced telomere 

shortening and increased mtDNA copy number among individuals with a history of recurrent 

MDD. As these molecular markers have previously been implicated in physiological aging and 

morbidity, individuals who experience prolonged depressive symptoms are potentially at greater 

risk of adverse medical outcomes.
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Introduction

Major depressive disorder (MDD) is a common psychiatric disease that incurs substantial 

personal, social, and economic costs.[1] It is moderately genetically influenced, with a 

heritability estimate of 37%,[2] with the balance of risk attributable to environmental factors. 

Previous studies have demonstrated that MDD is associated with molecular markers beyond 

DNA sequence variation, including telomere length and quantity of mitochondrial DNA 

(mtDNA) (e.g., [3]), molecular changes that have functional consequences on cellular 

physiology. Clarifying the relationships between these molecular markers and MDD 

symptoms may improve our understanding of the pathology of MDD. Currently, there is a 

relative paucity of data on the relationship between clinical characteristics of MDD and 

telomere length or mtDNA in large well-powered samples.

Telomere length declines with age as a function of cell division [4], and telomere shortening 

has been associated with age-related medical conditions such as heart disease and cancer,[5] 

as well as with psychiatric disorders such as MDD, as described in a recent meta-analysis.[6] 

However, aging per se is not the only determinant of telomere length. Prior studies have 

reported shorter telomeres under circumstances of greater chronicity of stress,[7] higher 

degree of perceived stress,[8] cumulative childhood stress exposure,[9] longer exposure to 

depression,[10; 11] and depression severity.[8; 10; 12] Given that these associations remain after 

controlling for age, telomere length is perhaps more accurately conceptualized as a marker 

of biological rather than chronological aging.[13] Several of these studies’ statistical power 

was limited by small sample sizes (N<300).[7-9]

The association between mtDNA and depression is inconsistent, with some studies reporting 

an increase in mtDNA among MDD cases,[3; 8] another reporting the opposite,[14] and 

another reporting no association;[15] the latter two studies had limited sample sizes. Few 

studies are available on clinical characteristics of MDD and their relationship with mtDNA, 

though Tyrka et al. [8], using a modest sample, reported no association between mtDNA 

copy number and depressive symptoms or perceived stress.

A previous study of the current sample examined telomere length and mtDNA copy number 

with respect to MDD case-control status.[3] The authors reported shorter telomeres and more 

abundant mtDNA among cases of MDD, and demonstrated that these associations were 

independent of a history of childhood sexual abuse and other stressful life events. These 

findings suggests that shorter telomeres and more abundant mtDNA may in part be 

contingent on the depressive condition itself rather than being predominantly due to the 

experience of external stressors. However, stressful life events certainly still serve as 

significant precipitating risk factors for the onset of MDD. Further analyses, based on a 

mouse model, raised the possibility that changes to these molecular markers are potentially 

state-dependent, i.e., a molecular recovery might be observed among individuals whose 

MDD remits.

The current study uses a structural equation modeling (SEM) approach designed to test the 

hypotheses that telomere length and mtDNA copy number may differ within MDD cases as 

a function of the clinical presentation of the disorder. Specifically, individuals with more 
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severe or chronic characteristics of depression may exhibit more pronounced telomeric loss 

and/or higher mtDNA copy number due to the detrimental impact of sustained psychological 

distress. We test these hypotheses by examining the association between a variety of clinical 

characteristics of MDD and both mean telomere length and mtDNA copy number in a 

sample of Chinese women with recurrent MDD.

Methods and Materials

Sample

The current study draws upon participants in the China, Oxford and Virginia 

Commonwealth University Experimental Research on Genetic Epidemiology 

(CONVERGE) sample. Cases in the CONVERGE study were collected across 58 mental 

health centers and psychiatric departments in 23 Chinese provinces, were at least 30 years of 

age, had a history of recurrent MDD, and were of Han Chinese descent (all four 

grandparents were born in China). Controls were recruited from patients undergoing minor 

surgery at general hospitals; for this study, only MDD cases were included. Participants 

provided saliva samples for DNA extraction, as described previously.[3; 16]

All cases were interviewed by trained personnel, using a computerized assessment system 

that determined MDD status based on the Composite International Diagnostic Interview 

(CIDI) (WHO lifetime version 2.1; Chinese version), which used DSM-IV diagnostic 

criteria. After quality control filters were applied, outcome data was available for 5284 

individuals.

The study protocol was approved by the Ethical Review Board of Oxford University and by 

participating data collection sites. All participants provided written informed consent.

Potential predictors

We selected potential predictors based on their relevance to: i) symptom-based clinical 

presentation, ii) general severity of MDD, or iii) comorbidity. With respect to symptom-

based clinical presentation, 27 MDD-related items from the interview were included in an 

initial exploratory factor analysis. These items correspond to disaggregated MDD 

symptoms, e.g., loss of interest, trouble concentrating, loss of weight, increase in appetite, 

etc.,[17] and were subjected to an initial exploratory factor analysis. Items were retained for 

the comprehensive model as appropriate. To assess general severity of MDD, we included: 

age at onset, age at worst episode, number of episodes, symptom count during worst 

episode, duration of longest episode, and number of family members with a history of 

depression. Finally, with respect to comorbidity, we included a history of generalized 

anxiety disorder (GAD), phobia (any), panic disorder, dysthymia, and postnatal depression. 

Diagnoses were established with the CIDI (WHO lifetime version 2.1; Chinese version) as 

previously described.[18] Stressful life events were assessed as has been described 

previously.[19] Briefly, participants were asked whether they had ever experienced any of 16 

traumatic life events (see Supplementary Material), which have been previously assessed for 

their association with MDD in CONVERGE.[19] A summary score was assigned to 

participants to capture the number of events experienced.
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Mitochondrial copy number and telomeric length outcomes

DNA was prepared and sequenced and mitochondrial DNA (mtDNA) copy number and 

telomere lengths were estimated as previously described.[3] As only cases were included in 

the current analyses, transformations of raw mtDNA and telomere length estimates were 

conducted within cases only, in contrast to Cai et al. [3] Prior to transformations, age was 

negatively correlated with both mean mtDNA (Pearson's r= −0.0352, p=0.01) and telomere 

length (r= −0.0833, p=1.32×10−9). For mtDNA copy number, the initial estimates were 

corrected/adjusted for batch, mean read depth on chromosome 20, sample age, and five 

ancestry principle components using linear regression. We then transformed the residuals 

using a quantile normal function in R. Mean telomere length was treated similarly, 

correcting for batch, sample age, and the five ancestry principle components, then 

transforming the residuals to normality.

Data analysis

Exploratory Factor Analysis and Item Analysis—To identify the main dimensional 

features of the MDD symptom criteria item set, exploratory and item level analyses were 

conducted. An initial exploratory factor analysis (EFA) of the 27 dichotomously coded 

(0=absent, 1=present) MDD symptom criteria items was carried out. Based on the model fits 

for solutions extracting from 1 to 6 factors, additional confirmatory item level factor 

analyses were conducted to identify sets of items that performed well in defining each of the 

MDD clinical features factors. These analyses focused on estimating and evaluating the 

threshold and factor loading item characteristics for each MDD related item. These 

psychometric considerations provide the basis for calibrating individual differences on each 

of the MDD clinical feature factors that will be included in the full SEM model for 

predicting mitochondrial copy number and telomere length.

Comprehensive Structural Model—To investigate the relationships between the 

clinical features of MDD and the variation in telomere length and mitochondrial copy 

number count, a latent variable SEM was developed. The full model can be organized 

around 3 main components: (1) The transformed mtDNA copy number and telomere length 

variables were included as joint outcomes; (2) a measurement model is specified for four 

MDD factors and their binary indicators, and (3) a set of selected covariate predictors 

(described above). All modeling was performed using Mplus version 7.31.[20] Because the 

MDD factor item indicators were binary, the weighted least squares mean and variance 

(WLSMV) adjusted robust estimator available in Mplus was used. In this application, the 

binary indicator variables are treated categorical. For each indicator an unobserved 

continuous response variable is assumed on which a single threshold is estimated. Telomere 

length and mtDNA were regressed onto each of the four symptom-based latent factors 

determined from the EFA results and item analyses (see below). Both the latent MDD 

factors and DNA based outcomes were regressed onto the other relevant covariate predictors. 

These included each of the 6 measures of severity and the 5 comorbid conditions. Outcome 

variables (transformed mtDNA and telomere length) were allowed to correlate. Inter-factor 

correlations among the four MDD factors were also allowed. All correlations amongst the 

included set of covariate predictors were freely estimated. A schematic of the full model is 
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provided in the Figure. Due to the manner in which Mplus handles missing data with the 

WLSMV estimator, the final sample size for the comprehensive model was 4078 cases.

Results

Factor model of depressive symptoms

Initial EFA model fitting for the 27 MDD related symptom criteria items converged on a 

reasonably fitting and interpretable four-factor solution (Comparative Fit Index [CFI] = .965, 

Tucker-Lewis Index [TLI] = .951, root mean square error of approximation [RMSEA] = .03) 

(Supplementary Table 1). However, this oblique four-factor solution was complex in that 

significant cross-loadings for some items were present (Supplementary Table 2). Additional 

confirmatory factor analysis (CFA) model fitting was carried out to identify items that 

reasonably fit a simple structure model (i.e., each symptom criterion item being an indicator 

for only one factor) for each of the four MDD factors. Item characteristics were examined 

and used to select items for the final measurement model. Items that varied in their threshold 

locations (i.e., optimal point of discrimination on the latent factor) and showed good 

discrimination (i.e., peaked information curves indicates by higher factor loadings) were 

retained for the four-factor MDD measurement model. This item selection process resulted 

in dropping 5 of the original 27 MDD related items and some choices for items having 

significant cross-loadings. This more restrictive simple structure CFA measurement model 

resulted in some reduction in overall model fit compare to the more highly parameterized 

EFA fit (CFI = .901, TLI = .890, RMSEA = 0.045). Based on factor loadings for the final 

simple structure four-factor measurement model, the following descriptive labels were 

assigned to the MDD factors; a general depression factor (MDF1); a weight/appetite factor 

(MDF2); a Beck like factor (MDF3), after Beck's cognitive theory of depression;[21] and an 

agitation/anxiety factor (MDF4).

Comprehensive model predicting mtDNA copy number and telomere length

In the full structural model, depicted in the Figure, the telomere length and mtDNA copy 

number were regressed onto each of the four MDD factors with the chosen covariate set 

allowed to have direct effects on both the molecular markers and MDD factors 

simultaneously. The full model contained a total of 133 parameters, which included factor 

loadings, item thresholds (measurement model), and directed prediction effects (structural 

model). The molecular markers were significantly correlated with one another (r= −.277, 

p<0.001; shorter telomeres were associated with higher mtDNA copy number). The MDD 

symptom factors were significantly correlated with one another (r= −.068-.364, p= <.

001-0.020), with the exception of the weight/appetite and agitation/anxiety factors (r=.050, 

p=.185).

None of the linear effects of the 4 symptom factors predicting either mtDNA copy number 

or telomere length while simultaneously taking into account the various severity covariates 

(e.g., age of onset, number of episodes, etc.) were significant at the p ≤ .05 level. With 

respect to severity-related covariates, duration of longest depressive episode significantly 

and positively predicted mtDNA copy number, and earlier age of onset of worst depressive 

episode was significantly associated with shorter telomeres (Table). Finally, dysthymia 
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significantly (p=0.01) predicted telomere length, such that MDD cases with a history of 

dysthymia had, on average, shorter telomere lengths compared to those without a history of 

dysthymia. A complete description of path estimates is available in Supplementary Table 3. 

In general, the prediction effects sizes were relatively small for both mtDNA copy number 

and telomere length as indicated by their R2 values (~0.01 for both mtDNA copy number 

and telomere length).

Post-hoc analyses

Only a subset of the available measures of chronicity was associated with the molecular 

markers, potentially due to associations among predictors (i.e., perhaps the observed effect 

of dysthymia functions as a proxy for the other measures). Therefore, we tested whether 

dysthymia was associated with these other measures of chronicity. We found that cases with 

a history of dysthymia had experienced significantly more MDD episodes (8.6 vs. 4.8, 

p<0.0001), a longer duration episode (77.3 vs. 43.4 weeks, p<0.0001), and earlier age of 

onset (30.7 vs. 35.3 years, p<0.0001).

Finally, we considered the possibility that stressful life events (SLEs) might be related to 

molecular markers. We therefore conducted an analysis in which SLE was included as a 

predictor in the SEM (note that the sample size decreased in this model from N=4078 to 

N=3805). Model fit was nearly identical, SLE was not associated with mtDNA copy number 

or telomere length, and the previously associated predictors’ effects remained consistent and 

significant.

Discussion

The current study examined relationships between clinical characteristics of MDD and 

molecular markers, namely telomere length and mtDNA copy number, in a large sample of 

Chinese women with severe, recurrent MDD. We report modest but significant associations 

between chronicity of MDD and the molecular markers: dysthymia and age at worst episode 

were associated with telomere length (p=0.010 and p=0.032, respectively), and duration of 

longest episode was associated with mtDNA amount (p=0.014). These findings suggest that 

the molecular changes in mtDNA and telomeres could be related to, or even consequences 

of, particular aspects of MDD. Previous evidence in this sample indicates that shortened 

telomeres and increase mtDNA copy number are consequences, rather than predictors, of 

MDD.[3] To the extent that these molecular markers are potentially modifiable[22] and may 

impact prognosis, these results provide a nascent framework for considering the 

physiological consequences of MDD.

Our findings are largely consistent with prior studies of the relationship between MDD (or 

stress exposure) and telomere length. Though exceptions have been reported [23], a 

preponderance of evidence indicates that more severe or longer-lasting MDD or stress is 

associated with shorter telomeres.[7; 8; 10; 11] The current results, which benefit from a far 

larger sample size than previous studies, implicate chronicity in particular: variables that are 

characterized by their chronic and persistent nature such as dysthymia were predictors of 

telomere shortening. However, some other factors that could be considered markers of 

chronicity – e.g., number of episodes, duration of longest episode – were also not associated 
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with telomere length. This is possibly due to the strong associations between dysthymia and 

other measures of chronicity. Thus, we might generally expect indicators of chronicity to be 

implicated across studies, though the specific predictor may differ.

The observed relationship between duration of longest depressive episode and mtDNA copy 

number is of note because the current sample size is the largest (to our knowledge) to have 

been assessed for such a relationship. Results from previous studies have been equivocal, 

and often based on small samples with less severe MDD. While there is some evidence that 

perturbed mitochondrial functioning is correlated with MDD (or stress),[24] data are 

inconsistent with regards to whether MDD is associated with increased or decreased mtDNA 

copy number.[8; 14; 15] Furthermore, very little prior research has been conducted examining 

clinical characteristics of MDD and their association with mtDNA copy number.

With the current results, we speculate that the relative increase in mtDNA copy number 

represents a physiological response to the prolonged experience of depressive symptoms, as 

was the case with shortening of telomeres. As mitochondrial functioning declines with age,
[25] due in part to oxidative stress,[26] mtDNA content has been found to increase.[27] 

Increased oxidative stress has been reported in MDD and other psychiatric and 

psychological conditions,[28] and it has been proposed that this physiological stressor 

accelerates cellular aging, the molecular manifestations of which include increased mtDNA.
[29] It was also suggested that increase in mtDNA copy number could be a compensatory 

response to inefficiencies or dysfunction in mitochondrial machinery. For instance, mtDNA 

increase in autistic subjects was accompanied by a reduction in mitochondrial function.[30] 

One or both of these mechanisms may explain the increase in mtDNA copy number in 

chronic stress, though the current study is not designed to test such mechanisms.

Cai and colleagues[3] reported on the relationship among these molecular markers, MDD 

case-control status, and SLE in the full CONVERGE sample. A series of conditional 

regression analyses suggested that the predictive power of SLE on molecular markers was 

mediated through MDD. Nonetheless, we considered the possibility that SLE might impact 

the current results, and respecified the model including SLE as a predictor in the SEM. That 

there were no substantive changes to the results suggests that the current findings are 

effectively independent of SLE, raising the possibility that the association between stress 

and telomere length or mtDNA in previous studies may be due to another factor not included 

in those models. For example, it is possible that previously observed associations between 

SLEs/stress and molecular markers are largely indirect, and would be mediated by 

psychopathological measures if such measures were included in the model. Still, SLEs may 

be a critical component of the causal pathway to perturbation of molecular markers: indeed, 

they are robust predictors of MDD.

Cai et al. [3] further reported that telomere length and mtDNA copy number were perturbed 

in mice exposed to stressful circumstances (e.g., tail suspension, forced swim), but returned 

to baseline after a recovery period. These results raise the possibility that the same molecular 

markers in humans can recover after MDD remits. We were unable to test this hypothesis 

due to the absence of data on onset and remission of specific depressive episodes. However, 

there is prior evidence for telomere lengthening over time in humans;[22] indeed, a non-
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trivial proportion (~15-25%) of individuals exhibit lengthening over several years.[31-33] 

Furthermore, telomerase activity has been shown to increase with reduction of psychological 

distress,[34-37] which could mitigate telomere attrition. Many of these studies were 

conducted using blood cells, which are a component of saliva samples (which were used in 

the current study).

Few studies have explored stress-induced changes in mtDNA copy number, though there is 

some evidence that it is modifiable;[38] more studies are needed. Whether telomere 

lengthening and/or normalization of mtDNA copy number could be reliably induced via 

behavioral or pharmacological interventions is of utmost clinical interest: if cellular aging is 

the consequence of MDD and the cause of medical morbidity, then interventions along the 

pathways leading to cellular aging may be useful in mitigating that morbidity.

Limitations

The current study is not without limitations. First, telomere length and mtDNA copy number 

were assessed cross-sectionally, precluding the ability to determine whether differences 

existed prior to MDD and/or the clinical characteristics used as predictors. However, 

longitudinal studies strongly suggest that these molecular markers change as a function of 

risk exposure rather than as a predictor of risk exposure. Second, all cases are severely 

affected – for example, over 76% of cases endorsed all nine MDD criteria – thus limiting our 

ability to examine whether variation in severity was associated with the outcomes. More 

broadly, the use of a stringently ascertained sample has implications for detection of effects 

under circumstances of reduced variation, and for generalizability to other, less severely 

affected, samples. Third, we extracted DNA from saliva samples. Most previous studies have 

used blood samples, and comparability across the sample types is unknown, though 

leukocyte telomere length is correlated with telomere length in target tissues for other 

complex diseases,[5] and mtDNA in blood and saliva behave similarly.[3] Furthermore, we 

have previously provided evidence [3] that case-control differences in mtDNA are unlikely to 

be due to discrepancies in cellular composition, but it remains possible that such variation 

might impact the current findings. Fourth, the mechanism by which changes in telomere 

length/mtDNA in peripheral cells are relevant to MDD has not yet been determined. These 

changes are unlikely to be representative of telomere length in brain regions relevant to 

MDD, given differences between peripheral tissues and neurons. Data available in 

CONVERGE do not have the capacity to explore this question. Fifth, we report nominal p-

values without correcting for preliminary tests that informed the final model structure. 

Finally, the clinical characteristics included here accounted for only a small proportion of 

the total variance in mtDNA copy number and telomere length; other critical factors must be 

considered in future analyses.

In spite of these limitations, the current study provides evidence that the chronicity of MDD 

impacts telomere shortening and mtDNA copy number, using one of the largest samples 

assessed to date. To the extent that these molecular markers in turn impact morbidity and 

mortality,[5] this implies that the chronicity of MDD affects medical outcomes to which it 

might not otherwise be related via shared genetic or environmental risk. The present findings 

provide context for future work exploring the consequences of changes in molecular markers 
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on subsequent MDD (e.g., remittance time course), other psychopathology, and aging-

related medical outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure. 
General structure of the comprehensive model predicting telomere length and mtDNA 

amount. MD1-MD4 represent the symptom-based factors described in the main text; each 

loads onto multiple items. Covariates related to comorbidity, severity, etc., are represented 

by cov1-covn. MC and TL represent the mtDNA count and telomere length outcomes, 

respectively. Double-headed arrows represent correlations; single-headed arrows between 

variables represent regression paths.
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Table

Standardized path estimates, standard errors, and nominal p-values for predictors of normalized telomere 

length and mtDNA copy number.

Telomere Lenath mtDNA count

Predictor N Estimate SE
a p-value Estimate SE p-value

Symptom Presentation

General depression 5284 0.038 0.030 0.211 -0.035 0.030 0.241

Weight/Appetite 5284 0.021 0.023 0.363 0.002 0.024 0.940

Beck symptoms 5284 0.034 0.022 0.125 -0.015 0.022 0.493

Agitation/Anxiety 5284 -0.047 0.031 0.131 -0.002 0.031 0.952

Severity

Age at onset 5210 -0.004 0.002 0.127 0.000 0.002 0.903

Age at worst episode 5173 0.007 0.003 0.032 0.001 0.003 0.836

No. episodes 5230 -0.003 0.021 0.899 0.017 0.021 0.410

Symptom count 4579 -0.021 0.039 0.596 0.032 0.037 0.389

Duration 5233 -0.010 0.013 0.437 0.032 0.013 0.014

FH count 5171 0.009 0.010 0.397 -0.012 0.010 0.221

Comorbidity

Panic disorder 5207 0.051 0.065 0.439 0.045 0.066 0.492

GAD 5222 -0.005 0.039 0.903 0.037 0.038 0.334

Dysthymia 5244 -0.136 0.053 0.010 0.071 0.052 0.169

Postnatal depression 4748 0.009 0.045 0.836 0.027 0.045 0.546

Phobia 5194 -0.001 0.034 0.969 0.057 0.034 0.095

a
SE=standard error
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