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Abstract

Background: telomere length has been used to represent biological ageing and is found to be associated with various
physiological, psychological and social factors.
Objective: to explore the effects of income and marriage on leucocyte telomere length in a representative sample of older
adults.
Design and subjects: cross-sectional analysis among 298 adults, aged 65–74, randomly selected from the community
by census.
Methods: telomere length was measured by quantitative PCR. Participants provided information on sociodemographics,
physical illness and completed questionnaires rating mental state and perceived neighbourhood experience.
Results: telomere length was negatively associated with lower income [coefficient −0.141 (95% CI: −0.244 to −0.020),
P = 0.021] and positively associated with the marital status [coefficient 0.111 (95% CI: −0.008 to 0.234), P = 0.067] when
controlling for gender, age, educational level, physical diseases (including diabetes, hypertension, cardiovascular diseases,
cerebrovascular disease and Parkinson’s disease), depressive symptoms, minor mental symptoms, cognitive impairment
and perceived neighbourhood experience (including social support, perceived security and public facilities).
Conclusions: these results indicate that older adults with higher income or being married have longer telomeres when
other sociodemographics, physical diseases, mental status and neighbourhood experience are adjusted.

Keywords: telomere, income, marital status, neighbourhood, stress, older people

Introduction

The telomere is the specific structure located on the end of
each chromosome. It protects the chromosome from re-
combination or degradation [1]. In vertebrates, the telomere
is composed of repeated sequences of ‘TTAGG’. The telo-
mere is the substrate of telomerase, which is one of the
DNA polymerases, and can prolong chromatin based on
the characteristics of DNA. During the process of mitosis,
the telomere will keep losing sequences of TTAGG, which
gradually shortens it. As the telomere is shortened to a
certain degree, its protection against the recombination and
degradation of the chromosome is diminished. As a conse-
quence, the chromosome will become unstable, thus dam-
aging the vitality of the cell [2].

Telomere shortening is considered as the biological
clock and a measure of the cellular ageing. Influences from
physiological, psychological and social factors are related to
this ageing process. From the physiological aspect, physical dis-
eases such as diabetes, hypertension, atherosclerosis, heart
failure, cerebrovascular disease and Parkinson’s disease are
associated with accelerated ageing [3]. Patients with those de-
generative diseases have shorter telomere length than the
general population. As for psychological stress or mental con-
ditions, more stress is found to lead to shorter telomere
length. Chronic stress is especially associated with faster telo-
mere shortening [4]. Accelerated leucocyte telomere shortening
has been shown to be associated with self-perceived stress and
psychiatric disorders. Patients with affective disorders, such as
depressive and bipolar disorders, have a shorter telomere
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length that is 10 years older in cellular ageing than non-patients
[5]. Lung et al. [6] also conclude that the average telomere
length of major depressive disorder patients was significantly
shorter than that of their community controls.

In terms of social factors and telomere length, social de-
privation or environmental factors in early life has been
associated with telomere length in adult life [7]. In the
meanwhile, the socioeconomic status (SES) has also been
noted to be associated with telomere shortening. However,
their results are inconsistent. Cherkas et al. [8] find that
females of lower SES have shorter telomere length. Woo
et al. [9] conclude that males with higher self-rated SES
have shorter telomeres. On the other hand, Batty et al. [10]
find that there is little association between SES and telo-
mere length. Reasons for the conflicting findings may
include the various definitions and different ways of the
measurement of the SES. Income as an alternative indicator
of the SES is easier to measure and more objective than
self-rated SES. Income inequality has been found to be
related to health conditions. Yet its association with telo-
mere length is not clarified. Roux et al. [11] fail to detect
significant difference from various income levels. But Shiels
et al. [12] find that telomere attrition is associated with
lower income. The marital status is another potential predi-
cator of telomere length. Only one study reveals that un-
married middle-aged individuals have shorter telomere [13].
Therefore, the aim of this study was to explore the possible
roles of income and marital status in the shortening of
leucocyte telomere length among older adults. For a better
estimation of the relationships between income or marriage
and leucocyte telomere length, we took physical diseases,
mental state and sociodemographics into account.

Subjects and methods

A random household sample of 500 older adults aged 65–
74 was selected from four townships of a prefecture in
southern Taiwan. This sample was representative of the
older population in Taiwan. Details of the sampling and
characteristics of these subjects were published elsewhere
[14]. This study was approved by the Institutional Review
Board of the E-Da Hospital. All participants of this study
signed the written informed consent, were invited to
provide information including gender, age, marital status,
educational level, monthly income and physical illness, had
venous blood withdrawn for telomere length measurement
and completed all questionnaires rating their mental state
and neighbourhood experience.

Mental state assessment

Three mental states were assessed, respectively, in this study.
Depressive symptoms were scored using the Taiwanese de-
pression questionnaire (TDQ). The TDQ was constructed by
revising the CES-D with cultural consideration with 0–3
points, 18 questions to screen depression [15]. The wording,
sequences and its concurrent validity were tested in the clinical

and community population. The 18-item TDQ had a sensitiv-
ity of 0.89 and a specificity of 0.92 at a cut-off score of 19 for
major depressive disorder. The TDQ score was treated as a
continuous variable in this study. Minor mental symptoms
were assessed by the Chinese health questionnaire (CHQ)
[16]. The CHQ is derived from a Chinese translation of the
general health questionnaire, with the addition of specially
designed, culturally relevant items. The CHQ is a 12 question,
2 reverse question, 0–1 point questionnaire. Discriminant
function analysis is used to select a subset of 12 items which
discriminate well between possible cases of minor psychiatric
morbidity and normals in the community. The CHQ score
was treated as a continuous variable in this study. The short
portable mental status questionnaire (SPMSQ) is used to
detect cognitive impairment. The 10-item SPMSQ is easily
administered by clinicians and trained interviewers [17].
Educational level had been taken into account in scoring indi-
vidual performance. The presence of cognitive impairment
was treated as a categorical variable.

Environmental factor assessment

Perceived neighbourhood experiences assessed by the NQI
were further divided into three subscales measuring
social support, perceived security and services and facilities,
respectively. The NQI, a self-reported instrument to
measure perceived neighbourhood quality, was developed in
Taiwan [18]. Lower social support, lower perceived security
and inadequate facilities have all been related to higher resi-
dential dissatisfaction. The NQI has good internal consist-
ency and test–retest reliability, as well as convergent validity.

Telomere length measurement

Leucocyte telomere length was measured by the quantitative
PCR technique. We compared telomere repeat sequence copy
to single-copy gene (36B4) copy number in the sample [19].
Duplicate DNA samples were amplified in parallel 25 μl
PCR reaction comprising 15 ng genomic DNA, 1X SensiMix
NoRef SYBR Green master mix and 1X SYBR Green
(Quantace, UK). The 300 nmol/l of telomere-specific primer
sequences of the telomere [36B4(encodes acidic ribosomal
phosphoprotein)] were forward, 5′-CGG TTT GTT TGG
GTT TGG GTT TGG GTT TGG GTT TGG GTT-3′,
and reverse, 5′-GGC TTT GCC TTA CCC TTA CCC TTA
CCC TTA CCC TTA CCC T-3′ or 300 nmol/l of 36B4
forward, 5′-CAG CAA GTG GGA AGG TGT AAT CC-3′
and 500 nmol/l of 36B4 reverse, 5′-CCC ATT CTA TCA
TCA ACG GGTACA A-3′. All PCRs were run on a Corbett
Research Rotor-Gene 6000 Real-time Thermal Cycler (Corbett
Research, Cambridge, UK). The thermal cycling profile
begins with the 95°C incubation for 10 min to activate the
Taq DNA polymerase followed by cycling of 15 s at 95°C
and 1 min at 58°C for either 20 cycles for telomere or 30
cycles for 36B4. Before running samples, the linear range of
the assay was determined by generating a standard curve
using serially diluted DNA (200–1.56 ng in 2-fold dilutions)
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in quadruplicate. Both PCR reactions exhibited good linear-
ity across this input range (r2 > 0.99). Test samples were then
checked to confirm that they fall within the range, and any
that did not were diluted as necessary and rerun. The specifi-
city of all amplifications was determined by melting curve
analysis. Forty-eight study samples, a calibrator sample and
one no-template control sample (all in duplicate) were pro-
cessed for each run. The PCR data were analysed with the
comparative quantitation approach as previously described
and implemented with the Corbett Research Rotor-Gene
6000 version 1.7 analysis software. During this analysis, the
amplification efficiency was calculated for each sample along
with the mean efficiency of the run, which is used in calcu-
lating the relative concentration of each sample relative to
the calibrator sample. This calculation coupled with the use
of the same calibrator samples on all runs allows for any
inter-run variation. This process was done for both telomere
(T) and single-copy (S) gene reactions, and telomere length
was expressed as a ratio of the two, the T/S ratio, of the
mean data from duplicate runs. The T/S ratio was checked
for reproducibility by rerunning 76 samples on another day.
The T/S ratio was analysed as a continuous variable.

Analytical method

Descriptive statistics and univariate linear regression were
applied to show the participants’ characteristics and their
correlation with leucocyte telomere length. Multivariate linear
regression was used to predict the length of the leucocyte telo-
mere by incorporating gender, age, educational level, marital
status, monthly income, physical diseases, depressive symp-
toms, minor mental symptoms, cognitive function, social
support, perceived security and sufficient facilities. Five regres-
sion models would be generated sequentially with sociodemo-
graphic factors only, sociodemographics plus disease factors,
sociodemographics plus mental state factors, sociodemo-
graphics plus neighbourhood experience factors and sociode-
mographics plus all factors, respectively. To adjust for the
possible unequal influence from the living environment, we
calculated robust standard errors by clusters according to
neighbourhood units (township).

Results

Two hundred and ninety-eight participants were recruited
from four neighbourhoods in Chia-Yi County, Taiwan.
More of them were male (59.4%) and married (76.8%),
received 6 years of education (47.0%) and had a monthly
income of <1,000 USD (74.2%) (Table 1). Their mean
age was 69.2 (SD: 2.7) years. Most (70.5%) of them had at
least one chronic physical condition and needed long-term
treatment. Hypertension (21.5%), cardiovascular diseases
(18.8%) and diabetes (10.1%) are the three commonest
physical diseases. The mean TDQ score was 11.9 (SD:
10.2); the mean CHQ score was 2.5 (SD: 2.6); the mean
NQI score was 27.2 (SD: 8.3) with a mean social support
subscale of 14.1 (SD: 4.8), mean perceived security subscale

of 6.3 (SD: 2.4) and mean adequacy of facilities subscale of
5.2 (SD: 1.9). Eighteen (6%) participants were cognitively
impaired. The mean leucocyte telomere length (T/S ratio)
was 1.71 (SD: 0.68).

By using the univariate linear regression, we found that
the state of being married was the only significant predictor
of telomere length (coefficient 0.135; 95% CI: 0.022 to
0.261; P= 0.020) when all other factors were not adjusted. In
a series of multivariate linear regression models (Table 2),
Model 1 was generated by incorporating sociodemographic
factors only. In Model 1, lower income (monthly income
<1,000 USD) was significantly associated with leucocyte telo-
mere length (coefficient −0.139; 95% CI: −0.236 to −0.023;
P= 0.018). The effect of marriage was attenuated when all
the other sociodemographic factors were included in the
analysis. Model 2 was generated by incorporating sociodemo-
graphic and disease factors. In Model 2, lower income
remained significantly associated with telomere length

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1. Characteristics of participants (n = 298)

Count (%) or
mean (SD)

Range

Male 177 (59.4)
Age (year) 69.2 (2.7) 65–74
Marital status
Married 229 (76.8)
Single 3 (1.0)
Separated/divorced 2 (0.7)
Widowed 64 (21.5)

Educational level
Illiterate 136 (45.6)
Primary school 140 (47.0)
Middle school 12 (4.0)
High school 8 (2.7)
College 2 (0.7)

Monthly income (NTD)
≤30,000 221 (74.2)
30,001 – 70,000 62 (20.8)
70,001 – 100,000 12 (4.0)
>100,000 3 (1.0)

Diseases
Diabetes 30 (10.1)
Hypertension 64 (21.5)
Cardiac diseases 56 (18.8)
Cerebrovascular disease 11 (3.7)
Parkinson’s disease 1 (0.3)
Depressive symptoms (TDQa score) 11.9 (10.2) 0–48
Minor mental symptoms (CHQb score) 2.5 (2.6) 0–12
Cognitive impairmentc 18 (6.0)

Neighbourhood experience (NQId)
Social support 14.1 (4.8) 8–32
Perceived security 6.3 (2.4) 2–12
Adequacy of facilities 5.2 (1.9) 3–10

Telomere length (T/S ratio) 1.71 (0.68) 0.40–3.68

aTaiwanese depression questionnaire score.
bChinese health questionnaire score.
cRated by short portable mental status questionnaire score and criteria: three
or more errors implying cognitive impairment, one more error allowed
for participants with a grade school education or less, one less error allowed
for participants beyond the high school education level.
dNeighbourhood quality index subscales.
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Table 2. Linear regression models predicting leucocyte telomere length

Univariate Multivariate

Model 1 Model 2 Model 3 Model 4 Model 5

Coefficient (95% CI) P-value Coefficient (95% CI) P-value Coefficient (95% CI) P-value Coefficient (95% CI) P-value Coefficient (95% CI) P-value Coefficient (95% CI) P-value

Sociodemographics
Female 0.041 (−0.066 to

0.141)
0.479 −0.005 (−0.10 to

0.100)
0.938 −0.006 (−0.113 to

0.102)
0.920 −0.021 (−0.124 to

0.088)
0.735 0.000 (−0.105 to

0.105)
0.996 −0.019 (−0.128 to

0.094)
0.769

Age (year) −0.047 (−0.026 to
0.011)

0.422 −0.058 (−0.027 to
0.009)

0.320 −0.062 (−0.028 to
0.008)

0.296 −0.065 (−0.028 to
0.008)

0.269 −0.060 (−0.027 to
0.008)

0.302 −0.067 (−0.029 to
0.008)

0.266

Illiterate 0.022 (−0.082 to
0.121)

0.707 −0.005 (−0.104 to
0.096)

0.939 −0.007 (−0.107 to
0.095)

0.908 −0.034 (−0.134 to
0.077)

0.596 −0.017 (−0.116 to
0.088)

0.617 −0.046 (−0.149 to
0.071)

0.485

Married 0.135 (0.022 to
0.261)

0.020 0.114 (−0.001 to
0.231)

0.052 0.108 (−0.009 to
0.227)

0.071 0.108 (−0.008 to
0.226)

0.068 0.123 (0.008 to 0.242) 0.036 0.111 (−0.008 to
0.234)

0.067

Lower incomea −0.086 (−0.202 to
0.028)

0.139 −0.139 (−0.236 to
−0.023)

0.018 −0.129 (−0.230 to
−0.012)

0.029 −0.145 (−0.238 to
−0.024)

0.014 −0.141 (−0.239 to
−0.024)

0.017 −0.141 (−0.244 to
−0.020)

0.021

Diseases
Diabetes 0.055 (−0.082 to

0.232)
0.348 0.049 (−0.093 to

0.228)
0.406 0.023 (−0.134 to

0.197)
0.711

Hypertension −0.038 (−0.163 to
0.082)

0.517 −0.025 (−0.151 to
0.099)

0.680 −0.029 (−0.157 to
0.095)

0.632

Cardiovascular
diseases

0.033 (−0.085 to
0.154)

0.571 0.024 (−0.098 to
0.149)

0.678 0.003 (−0.127 to
0.133)

0.964

Cerebrovascular
disease

−0.010 (−0.252 to
0.211)

0.863 −0.013 (−0.258 to
0.207)

0.830 −0.020 (−0.288 to
0.207)

0.746

Parkinson’s disease −0.070 (−2.157 to
0.518)

0.229 −0.060 (−2.207 to
0.637)

0.305 −0.055 (−1.989 to
0.707)

0.350

Mental state
Depressive
symptomsb

0.086 (−0.001 to
0.009)

0.137 0.140 (−0.004 to
0.015)

0.235 0.127 (−0.004 to
0.015)

0.289

Minor mental
symptomsc

0.062 (−0.009 to
0.030)

0.289 −0.057 (−0.045 to
0.026)

0.612 −0.035 (−0.043 to
0.031)

0.760

Cognitive
impairmentd

0.027 (−0.162 to
0.263)

0.643 −0.027 (−0.245 to
0.153)

0.648 −0.028 (−0.252 to
0.159)

0.655

Neighbourhood experiencee

Social support 0.025 (−0.008 to
0.013)

0.668 0.133 (−0.001 to
0.025)

0.080 0.115 (−0.004 to
0.024)

0.149

Perceived security −0.063 (−0.033 to
0.010)

0.278 −0.117 (−0.049 to
0.006)

0.118 −0.117 (−0.051 to
0.007)

0.131

Adequacy of facilities −0.049 (−0.039 to
0.015)

0.400 −0.050 (−0.044 to
0.022)

0.506 −0.043 (−0.044 to
0.024)

0.572

Multivariate regression models were generated sequentially with sociodemographic factors only (Model 1), sociodemographics plus disease factors (Model 2), sociodemographics plus mental state factors (Model 3),
sociodemographics plus neighbourhood experience factors (Model 4) and sociodemographics plus all factors Model 5), respectively.
aMonthly income <1,000 USD.
bTaiwanese depression questionnaire score.
cChinese health questionnaire score.
dShort portable mental status questionnaire score and criteria.
eNeighbourhood quality index subscales.
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(coefficient −0.129; 95% CI: −0.230 to −0.012; P= 0.029).
The effect of marriage was attenuated when disease factors
were further included in the analysis though none of the
physical diseases was significantly associated with telomere
length. Model 3 was generated by incorporating sociodemo-
graphic and mental state factors. In Model 3, lower income
was still significantly associated with telomere length (coeffi-
cient −0.145; 95% CI: −0.238 to −0.024; P= 0.014). The
effect of marriage was attenuated when mental state factors
were further included in the analysis though depressive symp-
toms, minor mental symptoms and cognitive impairment all
failed to predict telomere length. Model 4 was generated by
incorporating sociodemographic and neighbourhood experi-
ence factors. In Model 4, lower income remained significantly
associated with telomere length (coefficient −0.141; 95% CI:
−0.239 to −0.024; P= 0.017). Marriage was also a significant
predictor of telomere length (coefficient 0.123; 95% CI:
0.008 to 0.242; P= 0.036) when neighbourhood factors were
included in the analysis. None of the neighbourhood experi-
ence subscales was significantly associated with telomere
length. Finally, Model 5 was generated by incorporating all
related factors. In Model 5, lower income was significantly
associated with telomere length (coefficient −0.141; 95% CI:
−0.244 to −0.020; P= 0.021). The effect of marriage was
attenuated when all the other factors were included in the
analysis. In the meanwhile, none of the physical diseases,
mental state and neighbourhood experience factors was sig-
nificantly associated with telomere length.

Discussion

The results of this study suggest that lower income is signifi-
cantly associated with cellular ageing in this population-based
cohort of adults aged 65–74. Older adults with higher income
was found to be significantly associated with longer telomere
length (coefficient 0.141; 95% CI: 0.020–0.242; P= 0.021)
compared with those with lower income. Older adults with
lower income might have fewer social resources, worse health
and, hence, shorter telomere length. This finding is consistent
with those of previous studies [8, 12]. However, we cannot
discard the possibility of a reciprocal relationship between
income and telomere length. Being unmarried is found to be
associated with shorter telomere length among middle-aged
adults [13]. To a lesser extent, our study also found that un-
married, widowed, or single older adults had shorter telo-
meres. Since being unmarried is associated with worse health
[20] and the presence of systematic inflammation [21], telo-
mere length may potentially function as a cumulative oxidative
stress and inflammation. This is consistent with our finding
that the marital status was less significantly associated with
telomere length in Models 2, 3 and 5. In those models, phys-
ical diseases and mental state were taken into account.

Previous studies have shown that several chronic diseases
are associated with shorter telomeres [22], but our study did
not come to the same conclusion. Though telomere shorten-
ing is one of the well-documented triggers for cellular senes-
cence, there is some controversy regarding the causal

relationship between telomere shortening and cellular ageing
[23]. Based on this tenet of telomere biology, individuals with
a relatively shorter age-adjusted telomere length due to inher-
ent and environmental factors will have accelerated cellular
ageing, possibly resulting in higher disease susceptibility [24].
In our study, chronic diseases were not significantly asso-
ciated with shorter telomeres. This implies that the aetiology
of those chronic diseases is not mainly from cellular ageing.

In our study, depressive symptoms and minor mental
symptoms were not associated with the telomere length. This
is not consistent with the previous researches in which de-
pression had been linked to a state of accelerated ageing,
affecting the cardiovascular, cerebrovascular, neuroendocrine,
metabolic and immune systems [9, 25]. One of the possible
explanations for our finding was that we used depressive
symptoms rather than psychiatric diagnosis. A one-time
evaluation of psychiatric symptoms is different from a psychi-
atric disorder with its fluctuating severity at different times of
the interview. Cognitive function has had a modest positive
correlation with telomere length in previous studies [26, 27].
In our study, there was no significant correlation between
cognitive impairment and telomere length. Complexity of
causal factors of cognitive impairment among older adults
may make the results of different studies diverse.

Neighbourhood experience represents the quality of the
living environment and may be associated with psychologic-
al stress from the environment. Psychological stress has
been linked to telomere length in theory [28] and then con-
firmed by several laboratories [29, 30] in specific popula-
tions. In our study, social support, perceived security or
adequacy of facilities was not significantly associated with
telomere length. The different age, and ethnic characteris-
tics and different measurements of psychosocial stressors
may account for the inconsistent findings.

Some limitations of this study are noted. The design of
this study is cross-sectional; further longitudinal study is
needed to confirm the possible causal relationships
between psychosocial factors and the telomere length.
Furthermore, the moderating effect of culture and ethnic
characteristics on the associations between income, mar-
riage and telomere length deserve attention among differ-
ent study populations.

Key points

• Telomere length is a marker of cellular ageing, and older
adults with higher income or marriage have longer telomere.

• The relationship between income and telomere is not
accounted for by physical diseases, mental state and
neighbourhood experience.

• The relationship between marriage and telomere is partly
accounted for by physical diseases and mental state.

• Unmarried older adults or those with lower income may
be experiencing accelerated cellular ageing.

238

Y.-C. Yen and F.-W. Lung



Acknowledgements

We are grateful to Dr Ming-Jen Yang for his innovative
efforts in this project and study design.

Conflicts of interest

None declared.

Funding

This study is funded by the grants from the National Science
Council (NSC 892413-H-182-005, NSC 90-2413-H-006-015,
NSC 91-2413-H-006-006 and NSC 97-2314-B-650-003-
MY3) and the E-Da Hospital (EDAH-P-97008), Taiwan.

References

1. de Lange T. Protection of mammalian telomeres. Oncogene
2002; 21: 532–40.

2. Blackburn EH. Switching and signaling at the telomere.
Cell 2001; 106: 661–73.

3. Zhu H, Belcher M, van der Harst P. Healthy aging and
disease: role for telomere biology? Clin Sci 2011; 120: 427–40.

4. Lansdorp PM. Stress, social rank and leukocyte telomere
length. Aging Cell 2006; 5: 583–84.

5. Simon NM, Smoller JW, McNamara KL et al. Telomere
shortening and mood disorders: preliminary support for a
chronic stress model of accelerated aging. Biol Psychiatry
2006; 60: 432–5.

6. Lung F-W, Chen NC, Shu B-C. Genetic pathway of major
depressive disorder in shortening telomeric length. Psychiatr
Genet 2007; 17: 195–9.

7. Drury SS, Theall K, Gleason MM et al. Telomere length and
early severe social deprivation: linking early adversity and cel-
lular aging. Mol Psychiatry 2012; 17: 719–27.

8. Cherkas LF, Aviv A, Valdes AM et al. The effects of social
status on biological aging as measured by white-blood-cell
telomere length. Aging Cell 2006; 5: 361–5.

9. Woo J, Suen EWC, Leung JCS et al. Older men with higher
self-rated socioeconomic status have shorter telomeres.
Age Ageing 2009; 38: 553–8.

10. Batty GD, Wang Y, Brouilette SW et al. Socioeconomic status
and telomere length: the West of Scotland Coronary Prevention
Study. J Epidemiol Community Health 2009; 63: 839–41.

11. Roux AV, Ranjit N, Jenny NS et al. Race/ethnicity and telo-
mere length in the Multi-Ethnic Study of Atherosclerosis.
Aging Cell 2009; 8: 251–7.

12. Shiels PG, McGlynn LM, MacIntyre A et al. PLoS One 2011;
6: e22521.

13. Mainous AG, Everett CJ, Diaz VA et al. Leukocyte telomere
length and marital status among middle-aged adults.
Age Ageing 2011; 40: 73–8.

14. Yen Y-C, Rebok GW, Gallo JJ et al. ApoE4 allele is associated
with late-life depression: a population-based study. Am J
Geriatr Psychiatry 2007; 15: 858–68.

15. Lee Y, Yang MJ, Lai TJ, Chiu NM, Chau TT. Development
of the Taiwanese depression questionnaire. Chang Gung Med
J 2000; 23: 688–94.

16. Cheng TA, Williams P. The design and development of a
screening questionnaire (CHQ) for use in community studies
of mental disorders in Taiwan. Psychol Med 1986; 16:
415–22.

17. Pfeiffer E. A short portable mental status questionnaire for
the assessment of organic brain deficit in elderly patients.
J Am Geriatr Soc 1975; 23: 433–41.

18. Yang MJ, Yang M-S, Shih C-H, Kawachi I. Development and
validation of an instrument to measure perceived neighbour-
hood quality in Taiwan. J Epidemiol Community Health
2002; 56: 492–6.

19. Cawthon R. Telomere measurement by quantitative PCR.
Nucleic Acids Res 2002; 30: e47.

20. Schoenborn CA. Marital status and health: United States,
1999–2002. Adv Data 2004; 351: 1–32.

21. Sbarra DA. Marriage protects men from clinically meanful
elevations in C-reactive protein: results from the National
Social Life, Health, and Aging Project (NSHAP). Psychom
Med 2009; 71: 828–35.

22. Zhu H, Belcher M, van der Harst P. Healthy aging: role for
telomere biology? Clin Sci 2011; 120: 427–40.

23. Hornsby PJ. Short telomeres: cause or consequence of aging?
Aging Cell 2006; 5: 577–8.

24. Gilley D, Herbert BS, Huda N, Tanaka H, Reed T. Factors
impacting human telomere homeostasis and age-related
disease. Mech Ageing Dev 2008; 129: 27–34.

25. Bauer ME. Chronic stress and immunosenescence: a review.
Neuroimmunomodulation 2008; 15: 241–50.

26. Harris SE, Martin-Ruiz C, von Zglinicki T, Starr JM, Deary
IJ. Telomere length and aging biomarkers in 70-year-olds:
the Lothian Birth Cohort 1936. Neurobiol Aging 2012; 33:
1486. e3–8.

27. Devore EE, Prescott J, De Vivi I, Grodstein F. Relative telo-
mere length and cognitive decline in the Nurses’ Health
Study. Neorosci Lett 2011; 492: 15–8.

28. Epel ES, Blackburn EH, Lin J et al. Accelerated telomere
shortening in response to life stress. Proc Natl Acad Sci
U S A. 2004; 101: 17312–5.

29. Damjanovic AK, Yang Y, Glaser R et al. Accelerated telomere
erosion is associated with a declining immune function of
caregivers of Alzheimer’s disease patients. J Immunol 2007;
179: 4249–54.

30. Parks CG, Miller DB, McCanlies EC et al. Telomere
length, current perceived stress, and urinary stress hormones
in women. Cancer Epidemiol Biomarkers Prev 2009; 18:
551–60.

Received 2 April 2012; accepted in revised form 3 July

2012

239

Income, marital status and telomere length



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /JPXEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /JPXEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




