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Abstract

Background: The primary aim was to examine possible differences in telomere length between primary health
care patients, with depression, anxiety or stress and adjustment disorders, and healthy controls. The second aim
was to examine the association between telomere length and baseline characteristics in the patients. The third aim
was to examine the potential effects of the 8-week treatments (mindfulness-based group therapy or treatment as
usual, i.e. mostly cognitive-based therapy) on telomere length, and to examine whether there was a difference in
the potential effect on telomere length between the two groups.

Methods: A total of 501 individuals including 181 patients (aged 20–64 years), with depression, anxiety and stress
and adjustment disorders, and 320 healthy controls (aged 19–70 years) were recruited in the study. Patient data
were collected from a randomized controlled trial comparing mindfulness-based group therapy with treatment as
usual. We isolated genomic DNA from blood samples, collected at baseline and after the 8-week follow-up.
Telomere length was measured by quantitative real-time (qRT)-PCR.

Results: Telomere length was significantly shorter in the patients (mean = 0.77 ± 0.12,), compared to the controls
(mean = 0.81 ± 0.14) (p = 0.006). The difference in telomere length remained significant after controlling for age
and sex. Old age, male sex and being overweight were associated with shorter telomere length. There was no
significant difference in telomere length between baseline and at the 8-week follow-up in any of the treatment
groups and no difference between the two groups.

Conclusion: Our findings confirm that telomere length, as compared with healthy controls, is shortened in patients
with depression, anxiety and stress and adjustment disorders. In both groups (mindfulness-based group therapy or
treatment as usual), the telomere length remained unchanged after the 8-week treatment/follow-up and there was
no difference between the two groups.

Trial registration: (ClinicalTrials.gov ID: NCT01476371) Registered November 11, 2011.

Keywords: Anxiety, Depression, Stress and adjustment disorders, Telomere length

Background
Depression, anxiety, and stress and adjustment disorders
are common psychiatric disorders, with an estimated
prevalence that varies between 12 and 32% of the total
medical practice consultations in primary care in Europe
[1, 2]. These illnesses place a large economic burden on

society and cause emotional and social difficulties for pa-
tients and their relatives and can often result in problems
such as a loss of income and a poorer quality of life. In
addition, individuals with depression, anxiety or stress and
adjustment disorders also have an increased risk of devel-
oping age-related illnesses, such as cardiovascular disease,
cancer, diabetes and Parkinson’s disease [3–10]. Previous
studies have shown that lifestyle, environmental factors,
and biological processes are involved in the associations
between psychiatric disorders and age-related illnesses
[11–14]. However, the mechanisms underlying these
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relationships are still not fully understood. In recent years,
the association between psychiatric disorders and acceler-
ated biological aging, evaluated by the emerging bio-
marker (telomere length), has gained much attention [4].
Telomeres are DNA-protein complexes that cap the

chromosomal DNA ends, which preserve genomic integ-
rity and stability [15, 16]. Telomeres shorten during som-
atic cell division because DNA polymerase is unable to
fully replicate the 3′ end of DNA. This process can be
reversed by an enzyme (telomerase) that is only active in
certain replicating tissues, such as male germ cells and ac-
tivated lymphocytes, stem cells and cancer cells [17, 18].
In normal human cells, telomerase levels are insufficient
to maintain telomere length during cell division. When
telomeres reach a critically short length, cell growth be-
comes limited and undergoes cellular senescence or apop-
tosis [4, 19]. Oxidative stress and chronic inflammation
accelerate telomere attribution, resulting in replicative
senescence and organ degeneration [11, 20, 21]. Telomere
length reflects the cumulative damage from those expos-
ure factors and can be used as a potential indicator of bio-
logical aging. Shorter telomere length has been linked to
the development of a variety of age-related diseases, such
as cancer [22, 23], cardiovascular disease [24, 25] and dia-
betes [26]; diseases that are associated with common psy-
chiatric disorders [3–10].
Previous studies have found that telomere length is

significantly shorter in patients with depression or mood
disorders as compared to controls [4, 12, 13, 27–31].
The associations between telomere length and severity
of depression have also been investigated, but the results
are inconsistent among these studies [11–13, 32]. This
may be because most previous studies have only in-
cluded major/severe depression, in contrast to the mild
and moderate symptoms in patients with depression and
anxiety diagnosed in primary health care. To our know-
ledge, only one study, which was done by Verhoeven
et al., has included primary health care patients. How-
ever, that study only included patients with major de-
pression [12]. To explore the association between
telomere length and mild and moderate depression and
anxiety will help us to understand the underlying mecha-
nisms of these disorders, which may lead to better preven-
tion strategies in order to avoid age-related illnesses.
Moreover, most studies have only measured telomere
length at a single point in time. Very few studies have
examined the potential changes of telomere length after
treatment for mental disorders [13, 33]. Hartmann et al.
found that major depression is associated with shortened
telomeres but independent from therapy with antide-
pressants and/or ECT [13]. Martinsson et al. reported
that long-term lithium treatment in patients with bipolar
disorder is associated with longer leukocyte telomere
length [33]. Epel et al. proposed that some forms of

meditation, for example, mindfulness meditation train-
ing, could have beneficial effects on telomere length by
reducing cognitive stress and increasing positive states
of mind [34]. In addition, cognitive behavioral therapy
(CBT) has been recognized as an effective way of treat-
ing depressive disorders [35] and CBT might also have
beneficial effects on telomere length [36]. A recent study
reported that mindfulness-based and supportive thera-
peutic interventions in breast cancer survivors helped
maintain telomere length over the 3-month intervention
period in contrast to usual care [37]. Previous studies,
including a meta-analytic review, have shown that mind-
fulness therapies and meditation are associated with
increased telomerase activity [38–40]. Data from a re-
cently published study of ours showed that mindfulness
group therapy and treatment as usual (TAU, mostly
individual-based CBT) reduced psychiatric symptoms in
patients with depression, anxiety, and stress and adjust-
ment disorders, and that there was no significant differ-
ence in treatment response between the two groups [41].
However, the potential treatment effect on molecular
biomarkers related to chronic diseases and biological
aging, such as telomere length, with a specific focus on
the potential difference in molecular biomarkers after
different types of psychological treatment has not been
fully investigated. We, therefore, aimed to examine
whether mindfulness therapy and TAU could have a
positive influence on telomere length in patients with
relatively mild/moderate forms of depression, anxiety
and stress and adjustment disorders treated in primary
health care and whether there is a difference in the po-
tential treatment effect on telomere length between the
two therapies. This has not been examined previously
and the potential clinical relevance of our study is high. If
mindfulness training or TAU has an effect on bio-
logical aging, it may improve the physical health among
patients with common psychiatric disorders treated in
primary health care in addition to the improvement in
psychiatric symptoms [41].
The present study builds on a previously published

randomized controlled trial (RCT), by our group, where
we included patients with depression, anxiety or stress
and adjustment disorders from 16 primary health care
centers in order to compare the effects of an 8-week
mindfulness-based group therapy with TAU(mostly
CBT) on psychiatric symptoms [41]. In the present ana-
lysis, we used data on telomere length collected in the
RCT at baseline and after the 8-week follow-up. The first
aim was to examine possible differences in telomere
length between patients with depression, anxiety or
stress and adjustment disorders and healthy controls.
The second aim was to examine the association between
telomere length and baseline characteristics in the pa-
tients with depression, anxiety or stress and adjustment
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disorders. The third aim was to examine the potential ef-
fects of the 8-week treatments (mindfulness-based group
therapy or TAU) on telomere length and to examine
whether there was a difference in the potential effect on
telomere length between the two groups.

Methods
Study population
The study population included 181 patients (age 20–
64 years) that had been diagnosed with depression, anx-
iety or stress and adjustment disorders. All the patients
were recruited from 16 primary health care centers in an
RCT comparing mindfulness group therapy with TAU. A
more detailed description of the study design, patient in-
formation and sample collection has been provided in
previous publications [41, 42]. Patients were recruited
between Jan 4, 2012 and March 22, 2012 in urban and
rural areas in the county of Scania (In Swedish: Skåne)
in southern Sweden. Newly diagnosed patients and those
who had a history of psychiatric disorders were both eli-
gible. However, only those who sought treatment for
their psychiatric disorder during the recruitment period
were considered for inclusion in the study.
Patients who fulfilled the inclusion criteria were in-

cluded in the study. All clinical diagnoses were made by
doctors at the 16 primary health care centers: 1. One or
more of the following ICD-10 psychiatric diagnoses:
F32.0, mild depressive episode; F32.1, moderate depres-
sive episode; F32.9, depressive episode, unspecified;
F33.0, recurrent depressive disorder, current episode
mild; F33.1, recurrent depressive disorder, current epi-
sode moderate; F41.0, panic disorder; F41.1, generalized
anxiety disorder; F41.2, mixed anxiety and depressive
disorder; F41.3, other mixed anxiety disorders; F41.8,
other specified anxiety disorders; F41.9, anxiety disorder,
unspecified; F43.2, adjustment disorders; F43.8, other re-
actions to severe stress; and F43.9, reaction to severe
stress, unspecified; 2. Age 20–64 years; 3. Ability to
speak and read Swedish; and 4. A score of ≥10 on the
Patient Health Questionnaire (PHQ)-9 or ≥7 on the
Hospital Anxiety and Depression Scale (HADS) or a
total score on the Montgomery-Åsberg Depression Rat-
ing Scale (MADRS-S) between 13 and 34 (mild to mod-
erate depression). Patients who met any of the following
criteria were excluded from the study: severe personality
disorder, risk of suicide, pregnancy, thyroid disease,
current psychotherapy of any kind and participation in
any other psychiatric intervention study. Each patient
completed three self-rated questionnaires (above-men-
tioned PHQ-9, HADS-A/HADS-D, and MADRS-S) at
baseline and after 8 weeks of follow-up. The patients re-
ceived antidepressants and tranquilizers if deemed ne-
cessary. Blood samples were collected at the same time
as the assessment of self-rated scales, before and after 8-

week follow-up. The control group, which was com-
prised of 320 volunteer blood donors (age 19–70 years),
was recruited in 2015 from the blood center in Malmö.
All the individuals met the criteria in Sweden for blood
donation. In order to donate blood in Sweden, one needs
to be able to speak, read and understand Swedish. One
also needs to have a Swedish personal identity number,
an approved ID document and to be a healthy person
between the ages of 18–60. Exclusions can be made for
healthy individuals older than 60 years. Before donation,
the individual must answer several health-related ques-
tions [43]. For example, donation is not allowed among
individuals with severe asthma and/or receiving treat-
ment with steroids tablets. Mild or moderate depression
is not an exclusion criterion. Blood donors in Sweden
are not paid for donating blood.

Leukocyte telomere length (LTL) measurement
Mean telomere length was determined from peripheral
blood leukocytes. Genomic DNA was extracted from
200 μL frozen blood using a commercially available kit;
QiAamp96 DNA Blood Kit (Qiagen, Hilden, Germany).
The quantities of DNA samples were determined by
Nanodrop (ND-2000, Thermo Scientific, USA) and then
normalized to 5 ng/ul in TE buffer (0.1 mM EDTA,
10 mM Tris [pH 7.5]) containing Escherichia coli DNA
(~3 ng/μl; carrier DNA without telomeres). The DNA
was heated at 95 °C for 30 min in a thermal cycler, dir-
ectly followed by 1 min on ice, spun down briefly at
1000×g, 4 °C, and then saved at 4 °C until the PCR was
performed (<3 days).
LTL was measured by real-time PCR based on the

method reported by Cawthon with modification [44–46],
as this is the only method available for large-scale meas-
urement [47, 48]. The relative telomere to single copy
gene (T/S) ratio reflects the average length of the telo-
meres. A single copy reference gene, β-hemoglobin
(HBG), was used to normalize the quantity of the input
DNA. PCR reactions were performed separately in
telomere and HBG 384-well plates. The plates were
identical for DNA amount, reaction volume and sample
order. All samples and reference DNA were run in tripli-
cate using 20 ng DNA. A negative control was included
in each run.
For each plate, the master mix was prepared with the

following reagents: 1xPCR buffer, 0.2 mM dNTP (Fer-
mentas), 0.2X SYBR Green I (Roche Diagnostics,
Germany) and 1.25 Units AmpliTaq Gold DNA poly-
merase (Applied Biosystems). In addition, the master
mix for telomere plate contained 1.75 mM MgCL2,
2.5 mM DTT and telomere primers as follows: Tel 1: 5′-
GGTTTTTGAGGGTGAGGGTGAGGGTGAGGGTGA
GGGT-3′, 100 nM; Tel 2: 5′- TCCCGACTATCCCTAT
CCCTTCCCTATCCCTATCCCTA-3′, 900 nM. The HBG
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PCR mix contained 2 mM MgCL2, 5 mM DTT and the
following primers: HBG3: 5′-TGTGCTGGCCCATCACT
TTG-3′, 400 nM; HBG4: 5′-ACCAGCCACCACTTTCT
GATAGG-3′, 400 nM. PCR was performed on CFX 384
Real-Time PCR Detection System (Bio-Rad, Hercules,
CA, USA), with the thermal cycling profile for telo-
mere amplification: 95 °C 10min + 25 cycle*(95 °C
15s + 56 °C 1min) + melting curve. For HBG, 95 °C
10min + 32 cycle*(95 °C 15s + 58 °C 30s + 72 °C
30s) + melting curve.
LTL was quantified by qPCR using the standard curve

method [26, 49]. A standard curve using the reference
DNA (from Jurkat cell line) diluted serially by 2-fold per
dilution to produce seven concentrations of 0.3 to
20 ng/ul. Those seven reference DNA samples were in-
cluded in each assay plate. T and S concentration were
calculated according to the standard curve. Standard
curves were generated using the Bio-Rad CFX Manager
software v. 2.0. R2 for each standard curve was >0.99 for
both the telomere and HBG reaction. The corresponding
PCR efficiencies were 91.2% for telomere length and
92.3% for HBG. Standard deviations from the triplicate
were accepted at <0.4. The inter-coefficients of variance
(CV) for T/S ratio was less than 5%.

Statistical analysis
For all the patients and healthy controls, we present the
mean and SD for age and telomere length, median and
interquartile range (IQR) for MADRS-S, HAD-D, HAD-
A and PHQ-9. Sex, BMI, smoking status, alcohol status,
education and antidepressant and/or tranquilizer use are
presented as numbers and percentages (Table 1).
Between-group comparisons of the age and telomere
length were done by independent sample t-test and of
sex by Chi-square test (Table 1).
Univariate and multivariate (adjusted for age and sex)

linear regression were used to test the differences be-
tween patients and controls at baseline. The association
between telomere length and age and sex was examined
in univariate models and adjusted for the other variables
(Table 2). The associations between telomere length and
baseline characteristics of patients were analyzed by uni-
variate and multivariate linear regression (Table 3).
Within group comparisons between baseline and

follow-up was done by paired t-test (Table 4), stratified by
mindfulness treatment and TAU. Due to the correlation
of measurements within individuals, we used a random-
intercept linear regression model (univariate and adjusted
for age, sex, BMI and pharmacological treatment) to
examine the difference in effect between mindfulness and
TAU (Table 5). In Fig. 1, we show the mean telomere
length with 95% confidence intervals for control subjects
and, for patients, at both baseline and follow-up. Inde-
pendent sample t-test was used to examine the difference

Table 1 Characteristics of the study population at baseline
(n = 501)
Variables Patients

(n = 181)
Control subjects
(n = 320)

P-value

Age, years

Mean (SD) 41.9 (11.1) 44.6 (12.5) 0.02a

Sex, n (%)

Male 22 (12) 197 (62) <0.0001b

Female 159 (88) 123 (38)

Telomere length

Mean (SD) 0.77 (0.12) 0.81 (0.14) 0.006a

BMI, n (%)c

Underweight 2 (1.1)

Normal weight 70 (39) N/A N/A

Overweight 56 (31)

Obese 44 (24)

Smoking status, n (%)d

Yes 27 (15) N/A N/A

No 151 (83)

Alcohol status, n (%)e

Standard size drinks per week

< 1 100 (55)

1–4 54 (30) N/A N/A

> =5 22 (12)

Education, n (%)f

Low 15 (8)

Middle 72 (40) N/A N/A

High 92 (51)

Antidepressants, n (%)g

Yes 63 (35) N/A N/A

No 102 (56)

Tranquilizers, n (%)h

Yes 27 (15) N/A N/A

No 131 (72)

Baseline MADRS-S

Median score (IQR) 20 (14–25) N/A N/A

Baseline HAD-D

Median score (IQR) 8 (6–11) N/A N/A

Baseline HAD-A

Median score (IQR) 12 (9–15) N/A N/A

Baseline PHQ-9

Median score (IQR) 13 (9–17) N/A N/A

Abbreviations: SD Standard Deviation, BMI Body Mass Index, IQR Interquartile Range,
N/A Not Available
Education: Low = 0–9 years; Middle = 10–12 years; High = More than 12 years
aP-value is given for the comparison of patients and control subjects using
independent sample t-test
bP-value is based on Chi-square test
c9 (5%) had missing on BMI
d3 (2%) had missing on smoking status
e5 (3%) had missing on alcohol status
f2 (1%) had missing on education
g16 (9%) had missing on antidepressants
h23 (13%) had missing on tranquilizers
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between patients and controls at baseline. Paired t-test
was used to test the difference between baseline and
follow-up for patients. All analyses were adjusted for age
and the graphs were shown for the whole population and
stratified by sex. Within group comparisons between base-
line and follow-up were examined separately for men and
women and for patients with and without pharmacological
treatment (Additional file 1: Table S1). The correlation be-
tween telomere length and age was analyzed with the
Pearson correlation (ρ) and shown in a scatterplot to-
gether with a fitted line from a linear regression

(Additional file 2: Figure S1). STATA version 14 (Stata-
Corp LP) was used for all statistical analyses.

Results
Population characteristics and differences in telomere
length between patients and controls at baseline.
The characteristics of the study population are shown

in Table 1. The mean age in the patient group (n = 181)
was 41.9 years (SD = 11.1) and in the control group
44.6 years (SD = 12.5). The patient group included a
lower proportion of males than the control group. In the

Table 2 Differences in telomere length between patients (n = 181) and controls (n = 320) at baseline

Univariate Multivariate

Variables β P-valuea 95% CI β P-valuea 95% CI

Patients vs controls −0.04 0.006 −0.06; −0.01 −0.07 <0.001b −0.10; −0.05

Age −0.005 <0.001 −0.006; −0.004 −0.005 <0.001c −0.006;-0.004

Female vs male 0.03 0.01 0.007; 0.06 0.05 <0.001d 0.03; 0.08
aDifference tested by a linear regression model
bAdjusted for age and sex
cAdjusted for group and sex
dAdjusted for group and age

Table 3 Associations between telomere length and characteristics of patients at baseline (n = 181)

Univariate Adjusted for age and sex

Variables β P-valuea 95% CI β P-valuea 95% CI

Age −0.04 <0.001 −0.006; −0.003

Female vs male 0.06 0.04 0.003; 0.11

BMI

Underweight 0.13 0.15 −0.04; 0.30 0.08 0.33 −0.08; 0.24

Normal weight Ref Ref

Overweight −0.05 0.01 −0.10; −0.01 −0.04 0.04 −0.08; −0.001

Obese −0.03 0.20 −0.08; 0.02 −0.02 0.30 −0.07; 0.02

Smoking status (yes vs no) −0.002 0.94 −0.05; 0.05 −0.007 0.78 −0.05; 0.04

Alcohol status

Standard size drinks per week

< 1 Ref Ref

1–4 0.02 0.37 −0.02; 0.06 0.02 0.36 −0.02; 0.06

> =5 0.04 0.15 −0.01; 0.10 0.05 0.08 −0.006; 0.10

Education

Low −0.07 0.04 −0.14; −0.002 −0.03 0.41 −0.09; 0.04

Middle −0.04 0.04 −0.08; −0.002 −0.03 0.15 −0.06; 0.009

High Ref Ref

Pharmacotherapyb (yes vs no) −0.005 0.79 −0.04; 0.03 −0.007 0.68 −0.04; 0.03

MADRS-S 0.002 0.11 −0.0005; 0.004 0.002 0.19 −0.00007; 0.004

HAD-D 0.002 0.45 −0.003; 0.007 0.003 0.16 −0.001; 0.008

HAD-A 0.004 0.12 −0.001; 0.009 0.001 0.66 −0.004; 0.006

PHQ-9 0.003 0.05 −0.00005; 0.006 0.002 0.13 −0.0006; 0.005
aAssociation tested by a linear regression model
bAntidepressants and/or tranquilizers
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patient group, most participants (92%) had more than
10 years of education and were non-smokers (83%) or
non-alcohol abusers. The median scores for MADRS-S,
HADS-A/HADS-D and PHQ-9 at baseline indicated
mild to moderate symptoms of depression and/or anx-
iety. After treatment, the median scores decreased, indi-
cating none to mild symptoms (data not shown in
tables) [41].
The telomere length was normally distributed and sig-

nificantly inversely correlated with age (Additional file 2:
Figure S1) (ρ = −0.44, p < 0.0001). Females had a longer
telomere length than males (β = 0.05, p < 0.001)
(Table 2). Telomere length (mean ± SD) was significantly
shorter in the patients than in the controls at baseline
(0.77 ± 0.12 vs. 0.81 ± 0.14; p = 0.006) (Table 1). We fur-
ther used linear regression to test the difference in telo-
mere length between patients and controls at baseline; the
difference in telomere length between the two groups
remained significant after controlling for age and sex
(ß = −0.07, p < 0.001) (Table 2).

Association between telomere length and baseline
characteristics in patients
Next, we applied linear regression analysis to investigate
the association between telomere length and baseline
characteristics in patients. Table 3 shows that age and
sex are associated with telomere length (p < 0.001 and
p = 0.04, respectively). Overweight patients had signifi-
cantly shorter telomere length than those with normal
weight, after adjusting for age and sex (β = −0.04,
p = 0.04). However, this association was not observed in
the obese group (β-0.02, p = 0.30). No significant associ-
ation was observed between telomere length and the rest
of the baseline characteristics. Interestingly, there was
no significant association between telomere length and

the severity of the symptoms measured by any of the
scales (Table 3).

The potential effect of the 8-week treatment on telomere
length
Paired T-tests were used to examine the potential effect
of the treatment on telomere length in the patients. This
analysis showed that the telomere length remained un-
changed after the 8-week treatment in both the mindful-
ness and the TAU group (p = 0.21 and p = 0.79,
respectively, Table 4) and there was no difference be-
tween the two groups (p = 0.34, Table 5). This was ex-
amined with a random-intercept linear regression
model, univariate and adjusted for age, sex, BMI and
pharmacotherapy (Table 4 and Table 5), the latter repre-
senting antidepressants and/or tranquilizers use. When
stratifying for sex, men had slightly longer telomere
lengths after the 8-week follow-up. However, this in-
crease was not significant (p = 0.08), perhaps due to in-
sufficient sample size in men. In women, no change in
telomere length was observed after treatment (p = 0.65)
(Additional file: Table S1 and Fig. 1). No significant
changes in telomere length were found when stratifying
for pharmacotherapy (Additional file 1: Table S1).

Discussion
The main findings of the present study were that telo-
mere length was significantly shorter in the patients
compared to the controls (aim 1). Old age, male sex and
being overweight were associated with shortened telo-
mere length (aim 2). The telomere length remained
unchanged after the 8-week treatment in both the mind-
fulness and the TAU group and there was no difference
between the two groups (aim 3), which represents a
novel contribution.

Table 4 Telomere length for patients at baseline and after follow up in the mindfulness and treatment as usual groups (n = 181)

Baseline Follow up Difference

Variables Mean (SD) n Mean (SD) n Mean (SD) P-valuea

All 0.77 (0.12) 177 0.77 (0.12) 177 −0.005 (0.06) 0.30

Mindfulness 0.76 (0.11) 88 0.77 (0.12) 88 −0.007 (0.05) 0.21

Treatment as usual 0.78 (0.14) 89 0.78 (0.13) 89 −0.002 (0.06) 0.79
aDifference tested by paired t-test

Table 5 Analysing treatment effect between mindfulness and treatment as usual (n = 181)

Univariate Multivariateb

Variables β P-valuec 95% CI β P-valuec 95% CI

Mindfulness vs treatment as usual −0.02 0.33 −0.06; 0.01 −0.02 0.34 −0.05; 0.02

Follow up vs baseline (time) 0.001 0.83 −0.01; 0.01 0.002 0.78 −0.01; 0.01

Treatment group*timea 0.006 0.50 −0.01; 0.02 0.006 0.48 −0.01; 0.02
aInteraction effect (treatment effect) between treatment group and time
bAdjusted for age, sex, BMI and antidepressants and/or tranquilizers
cTreatment effect tested by a random-intercept linear regression model using GLLAMM
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Our results regarding shortened telomere length, in the
patients compared with the healthy controls, are in line
with previous findings [13, 29, 30, 50]. The biological
mechanisms underlying the shortened telomere length in
patients with these psychiatric disorders remain to be elu-
cidated. Although the pathophysiology of depression, anx-
iety and stress and adjustment disorders has multiple
facets, chronic life stress may have a role in the etiology of
some cases of depression and anxiety. Previous studies
have also shown that psychological stress is significantly
related with higher oxidative stress, lower telomerase ac-
tivity and shortened telomere length [14, 51, 52]. Telo-
meres are nucleoprotein structures, consisting of stretches
of repetitive DNA with a high number of G-C repetitions
that are highly sensitive to oxidative stress [53]. Oxidative
stress is associated with accelerated telomere shortening
in vitro [54]. Therefore, a possible explanation behind
shortened telomere length in patients with depression,
anxiety and stress and adjustment disorders is that stress-
ful life events may increase oxidative stress and thus de-
crease telomere length.

It should, however, be noted that no significant associ-
ation was found between telomere length and the sever-
ity of disease evaluated by self-rated scales. This finding
is in line with Hartmann et al. who found that the telo-
mere length of patients with major depression was
shortened but not related to the severity of disease [13].
Although we found that old age, male sex and being

overweight were associated with shortened telomere
length in the patient group, we did not find significant
associations between telomere length and the other vari-
ables (smoking, alcohol drinking, educational level and
treatment with antidepressants and/or tranquilizers) in
the analyses of the associations between telomere length
and baseline characteristic within the patient group.
The most important and novel finding of the present

study is that the telomere length remained unchanged
after the 8-week treatment in both the mindfulness and
the TAU group and that there was no difference between
the two groups. Our study is the first to evaluate the
possible effects of both mindfulness-based group therapy
and TAU (mostly individual CBT) on telomere length in

Fig. 1 Mean values and 95% confidence intervals of telomere length for patients and control subjects (at baseline and follow-up) together with
p-values (n = 501). All analyses are adjusted for age. aDifference tested by independent sample t-test. bDifference tested by paired t-test
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patients with mild to moderate depression, anxiety and
stress and adjustment disorders. We hypothesized that
mindfulness training or TAU may have a beneficial effect
on telomere length in our study population of patients with
depression, anxiety and stress and adjustment disorders.
Although more studies are needed, our findings may indi-
cate that telomere length is maintained with mindfulness-
based group therapy as well as with individual CBT. In line
with our results, Carlson et al. reported that mindfulness-
based and supportive therapeutic interventions helps main-
tain telomere length over a 3-month intervention period in
contrast to usual care, where a decreased telomere length
was observed [37]. However, the relatively short follow-up
(8-weeks) may not be a long enough duration to observe
significant changes in telomere length over time. It is pos-
sible that a longer follow-up and continued mindfulness
training is needed to detect robust effects on telomere
length. Hoge et al. found that individuals with more than 4
years of practice in Loving-Kindness Meditation had longer
telomeres [55].
Our study has several strengths. We obtained the results

from an RCT including sampling of biological markers in
181 patients with mild to moderate depression as well as
patients with anxiety or stress and adjustment disorders.
These patients are highly representative of the most com-
mon psychiatric disorders in the general population, i.e.
those who are treated in primary health care. This repre-
sents a novel contribution to existing research as previous
studies have mainly included patients with severe depres-
sion. However, our study also has some limitations that
should be considered when interpreting our results. First,
we do not have information on potential psychiatric disor-
ders in the control group. However, blood donors are nor-
mally healthier than the general population and we do not
expect that even a possible inclusion of a relatively low
percentage of potential cases with common psychiatric
disorders would have affected the conclusions of this
study. Previous research has suggested that social factors,
ethnicity and lifestyle factors, such as smoking, BMI, and
physical inactivity, may affect telomere length [56–58].
Only the variables age and sex were available in the con-
trol population; a possible limitation in some of the ana-
lyses. In order to check whether our patient group was
similar to the general population in the county of Scania
(i.e. the geographic region where our study was con-
ducted) we compared the prevalence of certain lifestyle
factors among our patients with the prevalence of these
factors in a public health report conducted in Scania in
2012 [59]. The mean BMI among the participants (mean
age 46.5 y) in the public health report was 25.6, which is
relatively close to the mean BMI among our patients, i.e.
26.4. The corresponding percentages for daily smoking
were 12.4% in the public health report and 15.0% in our
patient group.

Conclusions
The present study shows that patients with depression,
anxiety or stress and adjustment disorders have shorter
telomere length than healthy controls; a finding that is
in line with previous research. However, the most im-
portant finding is that the telomere length remained un-
changed after the 8-week treatment in both the
mindfulness and the TAU group and that there was no
difference between the two groups. These findings lend
insight to the design of future studies, which should fol-
low participants over a longer time span to detect robust
effects on telomere length in patients with depression,
anxiety or stress and adjustment disorders.
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Additional file 2: Figure S1. Pearson’s correlation and p-value for
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