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Schizophrenia has been suggested as a syndrome of accelerated aging. Telomere length (TL) decrease is consid-
ered one biological marker associated with age and can be accelerated by pathological characteristics present in
schizophrenia. Several studies evaluated TL in schizophrenia, but the results are still controversial. The aim of this
study was to conduct a meta-analysis of the existing results of TL in leukocytes of individuals with schizophrenia
compared to healthy controls. A search was performed in PubMed, using the keywords ‘telomere schizophrenia’
and ‘telomere psychosis’. We included data from original articles that measured TL in leukocytes of human
patients with schizophrenia and healthy control subjects. 45 articles were found, but only 7 met our criteria. Telo-
mere length of controls was not statistically different from that of patients with schizophrenia (p = 0.07).
Crossvalidation with the leave-one-out method resulted in a significant model (p = 0.03) in which TL of individ-
uals with schizophrenia is smaller than control (SMD = 0.38; 95% CI = [0.05, 0.72]). We also propose a biological
pathway through which schizophrenia could promote telomere erosion and how antipsychotics might compen-
sate this loss. There are few studies made on this subject with diverse methodology and heterogeneous sample.
Some articles did not consider other possible influences on TL. Overall our results suggest that TL is decreased in
schizophrenia. Although this is consistent with the idea of accelerated aging, schizophrenia is a complex disease
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and there are several factors that influence TL that should be controlled in future studies.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

It is believed that schizophrenia is a multifactorial disorder, in which
environmental factors (e.g., alcohol and drugs abuse, pre-birth infec-
tions and maternal malnutrition) and genetic variants contribute to its
development (Tsuang, 2001). The disease has an unknown etiology
and pathogenesis, but several anatomical, biochemical and genetic ab-
normalities have been identified.

Recently, some authors have suggested that schizophrenia might be
a syndrome of accelerated aging (Kirkpatrick et al., 2008; Papanastasiou
et al.,, 2011; Anthes, 2014; Okusaga, 2014; Shivakumar et al., 2014).
Kirkpatrick et al. (2008) base this hypothesis in the fact that patients
with schizophrenia share lifelong profile of cognitive impairment and
pattern of mortality with elderly people. Beyond that, some risk factors
for well-established aging-related disorders are also risk factors for
schizophrenia. Additionally, physiological changes seen in aging would
occur prematurely in schizophrenia. Okusaga (2014) complements
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this hypothesis proposing that increased oxidative stress (OS) and
chronic inflammation, both present in schizophrenia, may be the basis
of accelerated aging. Other age-related metabolic changes, such as in-
creased risk for diabetes mellitus, increased pulse pressure, decreased
levels of testosterone, decreased brain volume and bone mass also ap-
pear at an early age in schizophrenia (Papanastasiou et al., 2011;
Shivakumar et al., 2014). Although these findings may support the hy-
pothesis of accelerated aging, there are other factors associated with
the disease that could also contribute to the abnormalities: higher prev-
alence of smokers (de Leon and Diaz, 2005), poor medical care (Mittal
et al,, 2014) and the use of antipsychotics (Savolainen et al., 2012), for
example.

In this scenario, the study of telomere length (TL) in schizophrenia
remains a relevant issue to be investigated. Telomeres consist in repeat-
ed non-coding sequences at the end of each chromosome (TTAGGG),
capped with binding proteins. Human telomeres are normally 15-
20 kb long and progressively shorten in each cell division, functioning
as a “biological counter” of the number of divisions (Shay and Wright,
2007). Reduction in telomere length is related to the aging process
and it is believed that when it reaches a minimum value, cell senescence
is triggered (Kipling, 2001; Herbig et al., 2004). However it is now
known that different pathologies can influence TL. Cardiovascular
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diseases, metabolic syndrome, diabetes, atherosclerosis, smoking, some
psychiatric disorders, for instance, are related to decreased telomere
length (Eitan et al., 2014).

TL is determined by the balance between mechanisms that shorten
its size and mechanisms that lengthen it. The enzyme telomerase stabi-
lizes the number of repeated sequences by adding new TTAGGG blocks
at the end of chromosomes, repairing the telomeres, which are con-
stantly eroded in its absence (Eitan et al., 2014).

Telomerase consists of a RNA subunit; telomerase RNA (TER) com-
ponent, which contains the template for DNA synthesis; and a protein
subunit, which functions as a reverse-transcriptase (TERT), catalyzing
the addition of nucleotides using a RNA template.

Telomerase regulation is complex and involves multiple layers of
control for both TER and TERT subunits: transcriptional, post transla-
tional, alternative isoforms, recruitment to telomere and processivity
at telomeric end (Cifuente-Rojas and Shippen, 2012).

Besides DNA replication, oxidative stress (OS) is the main mecha-
nism responsible for the direct shortening of telomeres. It has been de-
scribed that 8-o0xo0-7,8-dihydro-2’-deoxyguanosine, the product of
oxidation of guanosine by the hydroxyl radical, is formed in greater
amounts in DNA containing telomere sequence than in DNA containing
non-telomere sequence. This specific damage may exacerbate telomere
shortening (Kawanishi and Oikawa, 2004). OS has been shown to be in-
creased in schizophrenia (reviewed in BoSkovic et al., 2011), which
could lead to faster telomere erosion.

The literature regarding the association between telomere and
schizophrenia is still elusive.

Fernandez-Egea et al. (2009) and Kao et al. (2008) suggested that TL
is decreased in the disease, whereas Nieratschker et al. (2013) found
longer telomeres in patients with schizophrenia than in healthy people.
Mansour et al. (2011) and Zhang et al. (2010) found no difference be-
tween patients and control. Yu et al. (2008) and Kota et al. (2014) de-
tected reduced telomeres in patients who did not respond to
treatment, while good responders and control were not statistically dif-
ferent. Malaspina et al. (2014) found no significant differences between
cases and control, but showed that paternal age is associated with lon-
ger TL in male and shorter in female patients.

Therefore, the presence of increased OS status and the possibility of
being an accelerated aging disorder might justify the link between telo-
meres and schizophrenia. Due to the poor replicability of the studies in
the literature, a meta-analysis is necessary to help conclude or refute the
hypothesis of rapid telomere erosion in schizophrenia.

2. Methods

The Pubmed database was searched for articles published until Jan-
uary 2015, with the keywords: “telomere schizophrenia” and “telomere

Table 1

psychosis”. After removing the duplicates, articles were screened to se-
lect those with TL measurement in leukocytes of schizophrenia patients.
The number of controls and patients, the average and standard devia-
tion of TL were extracted from each article independently by two
researchers or, when unavailable, requested from authors.

Results from the different articles were aggregated with standard-
ized mean differences (SMD) with positive values favoring the control
group. A random-effects model fit via restricted maximum likelihood
was used to account for heterogeneity and studies were weighted on
their inverse-variance. Analyses were conducted on R Statistical Soft-
ware version 2.15.3, using the metafor package 1.9-5 (Viechtbauer,
2010) and confidence level was set at 5%. Model was crossvalidated
with the leave-one-out method.

3. Results

45 articles were found within our search, but only 7 satisfied our in-
clusion criteria (i.e. had TL measurement data of leukocytes from
schizophrenia and control subjects), which are shown in Table 1.

The initial model included data from all 7 articles (Fig. 1) and
showed no difference in TL between patients and control subjects
(SMD = 0.34; p = 0.074).

However, crossvalidation, showed that the Nieratschker et al. (2013)
study is responsible for most of the heterogeneity of the model and ex-
cluding its results in a significant model (p = 0.027) in which telomere
length in individuals with schizophrenia is smaller than control
(SMD = 0.43; 95% CI = [0.05, 0.82]).

4. Discussion

We believe that there is enough evidence to support the hypothesis
of diminished telomere length in schizophrenia (Fig. 2). Our cross vali-
dated model showed a significant reduction in TL in schizophrenia
when compared to healthy controls. The articles considered in this
model pooled treated and drug-naive patients, as well as patients who
do or do not respond to treatment in the schizophrenia group (Kao
et al., 2008; Yu et al., 2008; Fernandez-Egea et al., 2009; Mansour
et al,, 2011; Kota et al., 2014; Malaspina et al., 2014). On the other
hand, Nieratschker et al. (2013) reported increased TL in schizophrenia;
this work had the largest sample composed only of treated patients.
Also, Yuetal. (2008) and Kota et al. (2014) showed that TL reduction oc-
curred only in patients with a bad response to treatment. Those results
reinforce the hypothesis of treatment influence on TL (Fig. 3). Also, the
studies did not consider several variables that could influence TL, such
as oxidative state, antipsychotics use, other morbidities, smoking and
paternal age.

Seven studies performed telomere length measurement in patients with schizophrenia and controls. This table describes the methodology used for the analysis of TL and a summary for

each article.

Method Control Schizophrenia

N (mean + SD) N (mean + SD)

Conclusion

Kota et al. (2014) qPCR 73 (1.05 + 0.6) 71 (0.79 + 0.69)

Bad responders have shorter telomere than control; telomere length of good responders

equals control's telomere length

Malaspina et al. qPCR 20 (1.80 + 0.65) 53 (1.91 + 0.74) No difference in telomere length between schizophrenia and control
(2014)

Nieratschker et al. qPCR 519 (1.30 + 0.32) 539 (1.36 + 0.38) Telomere length in schizophrenia is larger than control
(2013)

Mansour et al. qPCR 60 (0.87 4+ 0.26) 60 (0.89 + 0.3) No difference in telomere length between schizophrenia and control
(2011)

Fernandez-Egea et al. FISH 41 (100.9% 4+ 15.20%) 41 (93.10% 4 12.10%) Telomere content in patients with schizophrenia is shorter than control
(2009)

Kao et al. (2008) qPCR 76 (1.51 + 0.33) 51(1.14 £ 0.3) Telomere length in schizophrenia is diminished compared to control

Yu et al. (2008) Southern 76 (8.91 + 1.36) 68 (8.14 + 0.93) Bad responders have shorter telomere than control; telomere length of good responders

Blot equals control's
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Authors

Weight SMD [95% CI]

Nieratschker V et al. I;
Malaspina D et al.

16.33% -0.16[-0.28,-0.04 ]
12.54% -0.15[-0.67, 0.36]

Mansour H et al. —a— 14.36% -0.07[-0.43, 0.29]
Kota LN etal. + 14.66% 0.40[ 0.07, 0.73]
Fernandez-Egea E et al. s 13.41% 0.56[ 0.12, 1.00]
Yu WY etal. - 1460% 0.65[ 0.31, 0.98]
Kao HT et al. —-— 14.09% 1.16[ 0.77, 1.54]
RE Model -—. 100.00% 0.34[-0.03, 0.70]
—T—1 T 1
-1.00  0.00 1.00 2.00

Standardized Mean Difference

Fig. 1. Meta analysis of leukocyte TL in patients with schizophrenia and healthy controls, data presented as SMD [95% ClI].

4.1. Oxidative state

Considerable evidence supports an augmented OS state in schizo-
phrenia. This is evidenced by altered levels of lipidic markers and anti-
oxidant defense and by relative efficacy of antioxidant treatment
complementary to antipsychotics (Bitanihirwe and Woo, 2011;
Boskovic et al., 2011). OS is one possible mechanism for increased
telomere attrition in the disease, as proposed in all articles considered
in the meta-analysis. This finding is consistent with the accelerated
aging hypothesis as well as with our results. Okusaga (2014) proposed
that chronic inflammation in schizophrenia leads to increased OS,
which explains metabolic changes similar to what occurs in elderly peo-
ple. Telomere shortening might be triggered by the same mechanism.

Schizophrenia
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4.2. Antipsychotic use

Antipsychotics act by blocking D2 or 5-HT2A receptors, which inter-
fere in the function of protein kinase B (Akt)/glycogen synthase kinase 3
beta (GSK3()/p-catenin pathway (Beaulieu and Gainetdinov, 2011).
This pathway is involved in the regulation of telomerase expression
through activation of TCF4, enabling telomerase expression
(Hoffmeyer et al.,, 2012; Stower, 2012) (Figs. 2-3).

This pathway has been associated with schizophrenia in a few stud-
ies. Some results suggest increased activity of GSK3[3, and decreased ac-
tivity of Akt1 in the frontal cortex and lymphocytes of individuals with
schizophrenia (Emamian et al., 2004) (Fig. 2). Furthermore, the work
of Bousman et al. (2013) confirmed the increased activity of GSK3p
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Fig. 2. In schizophrenia, activity of protein kinase B (AKT1) is reduced and activity of glycogen synthase kinase 3 Beta (GSK3B) is augmented, leading to increased [3-catenin degradation.
Consequently, less hTERT is transcripted. Moreover, there is evidence for increased oxidative damage in schizophrenia. The combination of oxidative damage and diminished telomerase

activity causes telomere erosion. The line width represents the pathway activity.
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Fig. 3. Typical antipsychotics block D2 receptor, inhibiting Protein Kinase B (AKT1) deactivation. Increased activity of AKT1 inhibits 3-catenin degradation, allowing the expression of
hTERT and increasing activity of telomerase. Atypical antipsychotics inhibit D2 and 5HT2A receptors, enhancing the inhibition of the AKT1/GSK3B pathway. All this would lead to increased
activity of telomerase and consequently telomere elongation. The line width represents the pathway activity.

and showed a trend of decreased TCF4 activity associated with negative
symptoms. Porton et al. (2008) found reduced telomerase activity in in-
dividuals with schizophrenia when compared to control. This evidence
supports the hypothesis of telomere attrition proposed (Fig. 2).

According to Li and Jope (2010), some antipsychotics are able to in-
crease the serine-9-phosphorylated form of GSK3p (inactive form) in
the mouse or human brain. Because atypical antipsychotics block both
D2 and 5-HT2A receptors, the result on telomerase expression may be
enhanced, possibly permitting telomere elongation (Fig. 3).

Most studies measured the telomere length in DNA from leukocytes.
However, both typical and atypical antipsychotics alter leukocyte func-
tioning (Leykin et al., 1997; Miiller et al., 2012). According to Leykin
et al. (1997), clozapine and haloperidol inhibited in vitro leukocyte mi-
tosis stimulation by phytohemagglutinin in 50% of treated patients and
suppressed the production of the interleukins analyzed. In addition,
Porton et al. (2008) reported decreased telomerase expression in
healthy individuals' leukocytes in vitro using clozapine and haloperidol
separately and above the therapeutic range (Porton et al., 2008).

4.3. Metabolic syndrome

Besides direct antipsychotic effects on the receptors mentioned,
people with schizophrenia have other diseases that may influence TL.
Metabolic syndrome, which is a known side effect of pharmacological
therapy more pronounced with atypical antipsychotics use, includes
weight gain, high blood pressure and increased risk for type 2 diabetes
mellitus (Maayan and Correll, 2010). However, some studies suggest
that metabolic dysregulation is independent of the medication used in
treatment: the relationship between schizophrenia and type 2 diabetes

mellitus is known since the 19th century, before the antipsychotics dis-
covery (Bushe, 2004).

Metabolic syndrome is a pro inflammatory state (Emanuela et al.,
2012) and increases OS systemically (Roberts and Sindhu, 2009), prob-
ably leading to telomere erosion. Satoh et al. (2008) showed that OS in
patients with coronary arterial disease and metabolic syndrome was
higher than in those without metabolic syndrome. The work also
revealed decreased telomere length in patients with coronary arterial
disease and metabolic syndrome, when compared with those without
metabolic syndrome. The OS and TL were negatively correlated. There-
fore, the results found in the study with schizophrenia individuals might
be a consequence of the metabolic dysregulation, rather than the psy-
chiatric disorder itself.

4.4. Smoking

Some studies used in the meta-analysis suggest that increased prev-
alence of smokers among schizophrenia cases may be a confounding
factor for diminished telomere length (Fernandez-Egea et al., 2009;
Mansour et al., 2011; Nieratschker et al., 2013; Kota et al., 2014;
Malaspina et al., 2014). However, a recent 10-year-follow-up study
showed that the rate of telomere shortening is unrelated to smoking
and other lifestyle factors, despite the existence of this relation in
some cross-sectional analyses (Weischer et al., 2014).

All studies included in this meta-analysis used cross-sectional data.
As observed, this type of study is not the best to evaluate the rate of telo-
mere erosion. Long term studies evaluating TL in individuals with
schizophrenia are necessary.
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4.5. Paternal age

Paternal age has been associated with TL in several longitudinal
studies, with large cohorts (Kimura et al., 2008; Prescott et al., 2012).
Malaspina et al. (2014) showed that advanced paternal age conferred
longer telomeres to male individuals with schizophrenia, whereas the
effect in the female offspring was the opposite. Furthermore, advanced
paternal age is a risk factor for developing schizophrenia. According to
Nieratschker et al. (2013), telomere length may be a biomarker of pater-
nal age at the time of conception and not directly causing the disease.

5. Conclusion

Our study did not reveal any significant differences in TL between in-
dividuals with schizophrenia and healthy subjects. However, the evi-
dence suggests an association of shortened TL with schizophrenia and
that this condition might be reverted with treatment. There are few stud-
ies regarding this problem and most did not consider other important
factors which have been associated with TL modification in schizophrenia
such as: smoking status, metabolic syndrome and other comorbidities,
antipsychotic treatment and paternal age. In addition, all of the studies
considered in this meta-analysis were cross-sectional, which can not re-
veal telomere erosion rate. More and better controlled long term studies
are required to unveil the telomere biology in schizophrenia.

Role of funding source

Funding for this study was provided by Fundagdo de Amparo a Pesquisa do Estado de
Sdo Paulo (FAPESP; 2013/01352-8) and Conselho Nacional de Desenvolvimento Cientifico
e Tecnoldgico (CNPq; 442795/2014-9). The Laboratory of Neuroscience (LIM-27), receives
financial support from the Associagdo Beneficente Alzira Denise Hertzog da Silva
(ABADHS) and JNK Empreendimentos e Incorporagdes. The funding sources had no fur-
ther role in study design, data collection, analysis and interpretation of data; in writing
the manuscript; or in the decision to submit the paper for publication.

Contributors

All authors designed the study and wrote the protocol. Authors Polho and Kerr man-
aged the literature searches and analyses. Authors dos Santos and Kerr undertook the sta-
tistical analysis, and author Polho wrote the first draft of the manuscript. All authors
contributed to and have approved the final manuscript.

Conflict of interest
All authors declare that they have no conflicts of interest.

Acknowledgments
We thank Dr. Lakshmi Naryanan, Dr. Josef Frank, Dr. Emilio Fernandez-Egea, and Dr.
Hader Mansour, who kindly provided the data for our meta analysis.

References

Anthes, E., 2014. Ageing: live faster, die younger. Nature 508, S16-S17. http://dx.doi.org/
10.1038/508516a.

Beaulieu, J.-M., Gainetdinov, R.R., 2011. The physiology, signaling, and pharmacology of
dopamine receptors. Pharmacol. Rev. 63, 182-217. http://dx.doi.org/10.1124/pr.110.
002642.

Bitanihirwe, B.K.Y., Woo, T.-U.W., 2011. Oxidative stress in schizophrenia: an integrated
approach. Neurosci. Biobehav. Rev. 35, 878-893. http://dx.doi.org/10.1016/j.
neubiorev.2010.10.008.

Boskovi¢, M., Vovk, T., Kores Plesnicar, B., Grabnar, L, 2011. Oxidative stress in schizophrenia.
Curr. Neuropharmacol. 9, 301-312. http://dx.doi.org/10.2174/157015911795596595.

Bousman, C.A.,, Glatt, S.J., Chandler, S.D., Lohr, J., Kremen, W.S., Tsuang, M.T., Everall,
L.P., 2013. Negative symptoms of psychosis correlate with gene expression of the
Whnt/beta-catenin signaling pathway in peripheral blood. Psychiatry J. 2013, 1-4.

Bushe, C., 2004. Prevalence of diabetes and impaired glucose tolerance in patients
with schizophrenia. Br. ]. Psychiatry 184, s67-s71. http://dx.doi.org/10.1192/bjp.
184.47.567.

Cifuente-Rojas, C., Shippen, D.E., 2012. Telomerase regulation. Mutat. Res. 730, 20-27.
http://dx.doi.org/10.1016/j.mrfmmm.2011.10.003.Telomerase.

De Leon, J., Diaz, FJ., 2005. A meta-analysis of worldwide studies demonstrates an associ-
ation between schizophrenia and tobacco smoking behaviors. Schizophr. Res. 76,
135-157. http://dx.doi.org/10.1016/j.schres.2005.02.010.

Eitan, E., Hutchison, E.R., Mattson, M.P., 2014. Telomere shortening in neurological disor-
ders: an abundance of unanswered questions. Trends Neurosci. 37, 256-263. http://
dx.doi.org/10.1016/j.tins.2014.02.010.

Emamian, E.S., Hall, D., Birnbaum, MJ,, Karayiorgou, M., Gogos, ].A., 2004. Convergent ev-
idence for impaired AKT1-GSK3beta signaling in schizophrenia. Nat. Genet. 36,
131-137. http://dx.doi.org/10.1038/ng1296.

Emanuela, F., Grazia, M., Marco, D.R., Maria Paola, L., Giorgio, F., Marco, B., 2012. Inflam-
mation as a link between obesity and metabolic syndrome. J. Nutr. Metab. 2012.
http://dx.doi.org/10.1155/2012/476380.

Fernandez-Egea, E., Bernardo, M., Heaphy, C.M,, Griffith, J.K,, Parellada, E., Esmatjes, E.,
Conget, L., Nguyen, L., George, V., Stoppler, H., Kirkpatrick, B., 2009. Telomere length
and pulse pressure in newly diagnosed, antipsychotic-naive patients with
nonaffective psychosis. Schizophr. Bull. 35, 437-442. http://dx.doi.org/10.1093/
schbul/sbn169.

Herbig, U., Jobling, W.A,, Chen, B.P.C,, Chen, DJ,, Sedivy, ].M., 2004. Telomere shortening
triggers senescence of human cells through a pathway involving ATM, p53, and
p21(CIP1), but not p16(INK4a). Mol. Cell 14, 501-513.

Hoffmeyer, K., Raggioli, A., Rudloff, S., Anton, R., Hierholzer, A., Del Valle, 1., Hein, K.,
Vogt, R., Kemler, R., 2012. Wnt/B-catenin signaling regulates telomerase in stem
cells and cancer cells. Science 336, 1549-1554. http://dx.doi.org/10.1126/science.
1218370.

Kao, H.-T., Cawthon, R.M., Delisi, L.E., Bertisch, H.C,, Ji, F., Gordon, D., Li, P., Benedict, M.M.,
Greenberg, W.M., Porton, B., 2008. Rapid telomere erosion in schizophrenia. Mol. Psy-
chiatry 13, 118-119. http://dx.doi.org/10.1038/sj.mp.4002105.

Kawanishi, S., Oikawa, S., 2004. Mechanism of telomere shortening by oxidative
stress. Ann. N. Y. Acad. Sci. 1019, 278-284. http://dx.doi.org/10.1196/annals.
1297.047.

Kimura, M., Cherkas, L.F., Kato, B.S., Demissie, S., Hjelmborg, ].B., Brimacombe, M.,
Cupples, A., Hunkin, J.L., Gardner, J.P., Lu, X., Cao, X., Sastrasinh, M., Province, M.A.,
Hunt, S.C,, Christensen, K., Levy, D., Spector, T.D., Aviv, A., 2008. Offspring's leuko-
cyte telomere length, paternal age, and telomere elongation in sperm. PLoS
Genet. 4. http://dx.doi.org/10.1371/journal.pgen.0040037 (e37).

Kipling, D., 2001. Telomeres, replicative senescence and human ageing. Maturitas 38,
25-37 (discussion 37-8).

Kirkpatrick, B., Messias, E., Harvey, P.D., Fernandez-Egea, E., Bowie, C.R., 2008. Is schizo-
phrenia a syndrome of accelerated aging? Schizophr. Bull. 34, 1024-1032. http://
dx.doi.org/10.1093/schbul/sbm140.

Kota, L.N., Purushottam, M., Moily, N.S., Jain, S., 2014. Shortened telomere in unremitted
schizophrenia. Psychiatry Clin. Neurosci. http://dx.doi.org/10.1111/pcn.12260.

Leykin, I, Mayer, R., Shinitzky, M., 1997. Short and long-term immunosuppressive effects
of clozapine and haloperidol. Immunopharmacology 37, 75-86.

Li, X., Jope, R.S., 2010. Is glycogen synthase kinase-3 a central modulator in mood regu-
lation? Neuropsychopharmacology 35, 2143-2154. http://dx.doi.org/10.1038/npp.
2010.105.

Maayan, L., Correll, CU., 2010. Management of antipsychotic-related weight gain. Expert.
Rev. Neurother. 10, 1175-1200. http://dx.doi.org/10.1586/ern.10.85.

Malaspina, D., Dracxler, R., Walsh-Messinger, ., Harlap, S., Goetz, R.R., Keefe, D., Perrin,
M.C,, 2014. Telomere length, family history, and paternal age in schizophrenia. Mol.
Genet. Genomic Med. 2, 326-331. http://dx.doi.org/10.1002/mgg3.71.

Mansour, H., Chowdari, K., Fathi, W., Elassy, M., Ibrahim, 1., Wood, J., Bamne, M., Tobar,
S., Yassin, A., Salah, H., Elsayed, H., Eissa, A., El-Boraie, H., Ibrahim, N.E., Elsayed, M.,
El-Bahaei, W., Gomaa, Z., EI-Chennawi, F., Nimgaonkar, V.L., 2011. Does telomere
length mediate associations between inbreeding and increased risk for bipolar I
disorder and schizophrenia? Psychiatry Res. 188, 129-132. http://dx.doi.org/10.
1016/j.psychres.2011.01.010.

Mittal, D., Corrigan, P., Sherman, M.D., Chekuri, L., Han, X., Reaves, C., Mukherjee, S.,
Morris, S., Sullivan, G., 2014. Healthcare providers' attitudes toward persons with
schizophrenia. Psychiatr. Rehabil. J. 37, 297-303. http://dx.doi.org/10.1037/
prj0000095.

Miiller, N., Myint, A.-M., Schwarz, M.J., 2012. Inflammation in schizophrenia. Adv. Protein
Chem. Struct. Biol. 88, 49-68. http://dx.doi.org/10.1016/B978-0-12-398314-5.00003-
9.

Nieratschker, V., Lahtinen, J., Meier, S., Strohmaier, J.,, Frank, J., Heinrich, A., Breuer, R., Witt,
S.H., Néthen, M.M,, Rietschel, M., Hovatta, I, 2013. Longer telomere length in patients
with schizophrenia. Schizophr. Res. 149, 116-120. http://dx.doi.org/10.1016/j.schres.
2013.06.043.

Okusaga, 0.0., 2014. Accelerated aging in schizophrenia patients: the potential role of
oxidative stress. Aging Dis. 5, 256-262. http://dx.doi.org/10.14336/AD.2014.
0500256.

Papanastasiou, E., Gaughran, F., Smith, S., 2011. Schizophrenia as segmental progeria. J. R.
Soc. Med. 104, 475-484. http://dx.doi.org/10.1258/jrsm.2011.110051.

Porton, B., DeLisi, L.E., Bertisch, H.C,, Ji, F., Gordon, D., Li, P., Benedict, M.M., Greenberg,
W.M.,, Kao, H.-T., 2008. Telomerase levels in schizophrenia: a preliminary study.
Schizophr. Res. 106, 242-247. http://dx.doi.org/10.1016/j.schres.2008.08.028.
Telomerase.

Prescott, J., Du, M., Wong, ].Y.Y., Han, ], De Vivo, I, 2012. Paternal age at birth is associated
with offspring leukocyte telomere length in the nurses' health study. Hum. Reprod.
27, 3622-3631. http://dx.doi.org/10.1093/humrep/des314.

Roberts, C.K,, Sindhu, K.K., 2009. Oxidative stress and metabolic syndrome. Life Sci. 84,
705-712. http://dx.doi.org/10.1016/j.Ifs.2009.02.026.

Satoh, M,, Ishikawa, Y., Takahashi, Y., Itoh, T., Minami, Y., Nakamura, M., 2008. Association
between oxidative DNA damage and telomere shortening in circulating endothelial
progenitor cells obtained from metabolic syndrome patients with coronary artery
disease. Atherosclerosis 198, 347-353.

Savolainen, K., Rdikkonen, K., Kananen, L., Kajantie, E., Hovatta, 1., Lahti, M., Lahti,
J., Pesonen, A.-K., Heinonen, K., Eriksson, ].G., 2012. History of mental disor-
ders and leukocyte telomere length in late adulthood: the Helsinki Birth Co-
hort Study (HBCS). J. Psychiatr. Res. 46, 1346-1353. http://dx.doi.org/10.
1016/j.jpsychires.2012.07.005.

http://dx.doi.org/10.1016/j.schres.2015.04.025

Please cite this article as: Polho, G.B., et al., Leukocyte telomere length in patients with schizophrenia: A meta-analysis, Schizophr. Res. (2015),



http://dx.doi.org/10.1038/508S16a
http://dx.doi.org/10.1124/pr.110.002642
http://dx.doi.org/10.1124/pr.110.002642
http://dx.doi.org/10.1016/j.neubiorev.2010.10.008
http://dx.doi.org/10.1016/j.neubiorev.2010.10.008
http://dx.doi.org/10.2174/157015911795596595
http://refhub.elsevier.com/S0920-9964(15)00220-0/rf0025
http://refhub.elsevier.com/S0920-9964(15)00220-0/rf0025
http://dx.doi.org/10.1192/bjp.184.47.s67
http://dx.doi.org/10.1192/bjp.184.47.s67
http://dx.doi.org/10.1016/j.mrfmmm.2011.10.003.Telomerase
http://dx.doi.org/10.1016/j.schres.2005.02.010
http://dx.doi.org/10.1016/j.tins.2014.02.010
http://dx.doi.org/10.1038/ng1296
http://dx.doi.org/10.1155/2012/476380
http://dx.doi.org/10.1093/schbul/sbn169
http://dx.doi.org/10.1093/schbul/sbn169
http://refhub.elsevier.com/S0920-9964(15)00220-0/rf0065
http://refhub.elsevier.com/S0920-9964(15)00220-0/rf0065
http://refhub.elsevier.com/S0920-9964(15)00220-0/rf0065
http://dx.doi.org/10.1126/science.1218370
http://dx.doi.org/10.1126/science.1218370
http://dx.doi.org/10.1038/sj.mp.4002105
http://dx.doi.org/10.1196/annals.1297.047
http://dx.doi.org/10.1196/annals.1297.047
http://dx.doi.org/10.1371/journal.pgen.0040037
http://refhub.elsevier.com/S0920-9964(15)00220-0/rf0090
http://refhub.elsevier.com/S0920-9964(15)00220-0/rf0090
http://dx.doi.org/10.1093/schbul/sbm140
http://dx.doi.org/10.1111/pcn.12260
http://refhub.elsevier.com/S0920-9964(15)00220-0/rf0105
http://refhub.elsevier.com/S0920-9964(15)00220-0/rf0105
http://dx.doi.org/10.1038/npp.2010.105
http://dx.doi.org/10.1038/npp.2010.105
http://dx.doi.org/10.1586/ern.10.85
http://dx.doi.org/10.1002/mgg3.71
http://dx.doi.org/10.1016/j.psychres.2011.01.010
http://dx.doi.org/10.1016/j.psychres.2011.01.010
http://dx.doi.org/10.1037/prj0000095
http://dx.doi.org/10.1037/prj0000095
http://dx.doi.org/10.1016/B978-0-12-398314-5.00003-9
http://dx.doi.org/10.1016/B978-0-12-398314-5.00003-9
http://dx.doi.org/10.1016/j.schres.2013.06.043
http://dx.doi.org/10.1016/j.schres.2013.06.043
http://dx.doi.org/10.14336/AD.2014.0500256
http://dx.doi.org/10.14336/AD.2014.0500256
http://dx.doi.org/10.1258/jrsm.2011.110051
http://dx.doi.org/10.1016/j.schres.2008.08.028.Telomerase
http://dx.doi.org/10.1016/j.schres.2008.08.028.Telomerase
http://dx.doi.org/10.1093/humrep/des314
http://dx.doi.org/10.1016/j.lfs.2009.02.026
http://refhub.elsevier.com/S0920-9964(15)00220-0/rf0165
http://refhub.elsevier.com/S0920-9964(15)00220-0/rf0165
http://refhub.elsevier.com/S0920-9964(15)00220-0/rf0165
http://refhub.elsevier.com/S0920-9964(15)00220-0/rf0165
http://dx.doi.org/10.1016/j.jpsychires.2012.07.005
http://dx.doi.org/10.1016/j.jpsychires.2012.07.005
http://dx.doi.org/10.1016/j.schres.2015.04.025

6 G.B. Polho et al. / Schizophrenia Research xxx (2015) Xxx-Xxx

Shay, JW., Wright, W.E., 2007. Hallmarks of telomeres in ageing research. J. Pathol. 211, Weischer, M., Bojesen, S.E., Nordestgaard, B.G., 2014. Telomere shortening unrelated to

114-123. http://dx.doi.org/10.1002/path.2090. smoking, body weight, physical activity, and alcohol intake: 4,576 general population
Shivakumar, V., Kalmady, S.V., Venkatasubramanian, G., Ravi, V., Gangadhar, B.N., 2014. individuals with repeat measurements 10 years apart. PLoS Genet. 10. http://dx.doi.
Do schizophrenia patients age early? Asian ]. Psychiatr. 10, 3-9. http://dx.doi.org/ org/10.1371/journal.pgen.1004191.
10.1016/.ajp.2014.02.007. Yu, W.,, Chang, H., Lin, C,, Chung-Lung, C., 2008. Short telomeres in patients with chronic
Stower, H., 2012. Telomeres: stem cells, cancer and telomerase linked by WNT. Nat. Rev. schizophrenia who show a poor response to treatment. J. Psychiatry Neurosci. 33,
Genet. 13, 521. http://dx.doi.org/10.1038/nrg3286. 244-247.
Tsuang, M.T., 2001. Genes, environment and schizophrenia. Br. J. Psychiatry 178, 18s-24s. Zhang, D., Cheng, L., Craig, D.W., Redman, M., Liu, C., 2010. Cerebellar telomere length and
http://dx.doi.org/10.1192/bjp.178.40.518. psychiatric disorders. Behav. Genet. 40, 250-254. http://dx.doi.org/10.1007/s10519-
Viechtbauer, W., 2010. Meta-analysis package for R. (Disponible at). http://cran.r-project. 010-9338-0.

org/web/packages/metafor/index.html.

Please cite this article as: Polho, G.B., et al,, Leukocyte telomere length in patients with schizophrenia: A meta-analysis, Schizophr. Res. (2015),
http://dx.doi.org/10.1016/j.schres.2015.04.025



http://dx.doi.org/10.1002/path.2090
http://dx.doi.org/10.1016/j.ajp.2014.02.007
http://dx.doi.org/10.1038/nrg3286
http://dx.doi.org/10.1192/bjp.178.40.s18
http://cran.r-project.org/web/packages/metafor/index.html
http://cran.r-project.org/web/packages/metafor/index.html
http://dx.doi.org/10.1371/journal.pgen.1004191
http://refhub.elsevier.com/S0920-9964(15)00220-0/rf0195
http://refhub.elsevier.com/S0920-9964(15)00220-0/rf0195
http://refhub.elsevier.com/S0920-9964(15)00220-0/rf0195
http://dx.doi.org/10.1007/s10519-010-9338-0
http://dx.doi.org/10.1007/s10519-010-9338-0
http://dx.doi.org/10.1016/j.schres.2015.04.025

	Leukocyte telomere length in patients with schizophrenia: A meta-�analysis
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	4.1. Oxidative state
	4.2. Antipsychotic use
	4.3. Metabolic syndrome
	4.4. Smoking
	4.5. Paternal age

	5. Conclusion
	Role of funding source
	Contributors
	Conflict of interest
	Acknowledgments
	References


