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status have shorter telomeres

JEAN WOO1, EDDIE W. C. SUEN1, JASON C. S. LEUNG2, NELSON L. S. TANG3, SHAH EBRAHIM4

1Department of Medicine & Therapeutics, The Chinese University of Hong Kong, 9/F, Prince of Wales Hospital, Shatin, N.T.,
Hong Kong
2Jockey Club Centre for Osteoporosis Care and Control, 3/F, School of Public Health, The Chinese University of Hong Kong,
Prince of Wales Hospital, Shatin, N.T., Hong Kong
3Department of Chemical Pathology, The Chinese University of Hong Kong, Prince of Wales Hospital, Shatin, N.T., Hong Kong
4London School of Hygiene & Tropical Medicine, University of London, Room 109, Keppel Street Building, Keppel Street,
London WC1E 7HT, UK

Address correspondence to: J. Woo. Tel: (+852) 2632 3493; Fax: (+852) 2637 3852. Email: jeanwoowong@cuhk.edu.hk

Abstract

Background: previous studies examining the relationship between socioeconomic status and telomere length showed con-
flicting results, one study finding shorter telomere length in subjects with lower socioeconomic status and one showing no
relationship.
Design: cross-sectional study.
Setting: community-living elderly Chinese in Hong Kong.
Objective: this study examines the relationship between self-rated social economic status and telomere length in Hong Kong
Chinese men and women aged 65 years and over living in the community.
Subjects and method: information was collected from 958 men and 978 women regarding possible confounding factors
such as the presence of chronic diseases, smoking, physical activity level, dietary intake and body mass index. Telomere length
was measured by quantitative PCR.
Result: in men only, after adjustment for age and other confounding factors, a higher ranking in community standing was
associated with shorter telomere length.
Conclusion: men with higher self-rated socioeconomic status have shorter telomeres, possibly mediated through psychosocial
rather than lifestyle factors or the presence of chronic disease. There may be cultural ethnic and age-related differences in
social determinants of health.
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Introduction

A social gradient of morbidity and mortality has been well
documented, with those at the bottom in terms of income,
occupation or education having poorer health than those at
the top [1]. Recent research has also documented the impor-
tance of the psychosocial environment and the increased
production of inflammatory cytokines as one of the medi-
ating mechanisms [2]. Adverse socioeconomic factors may
result in telomere shortening, through lifestyle or psycholog-
ical factors affecting oxidative stress or chronic inflammatory
damage, particularly in the early childhood phase when the
rate of telomere attrition is greatest [3, 4].

Recent studies suggest that there may be an associa-
tion between psychological stress and telomere length [5],

and an accelerated telomere erosion has been observed with
declining immune function and an increase in inflammatory
cytokines in caregivers of Alzheimer’s disease patients [6].
Telomere length in white blood cells was found to be shorter
in those with lower socioeconomic status in a cross-sectional
study of 1,552 female twins of a mean age 45 years [7], inde-
pendent of confounding factors such as smoking, obesity
and lack of exercise. However, in a smaller study of unre-
lated people (average age 50 years), telomere length was
not associated with early or adult life socioeconomic indi-
cators [8]. These discrepant results may be due to different
methods for measuring socioeconomic position, method of
measuring telomere length and reflecting inadequate power
in the smaller studies. Findings are currently limited to
western populations. Examining the association between
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socioeconomic position and telomere length in a Chinese
population where the meaning of socioeconomic position
and its correlates with health behaviours and risk factors dif-
fer may prove to be informative. In a health survey of almost
2,000 community living elderly Chinese men and women of
age 65 years and over in whom telomere length had been
measured, we examined the hypothesis that lower socioeco-
nomic position would be associated with shorter telomere
length.

Subjects and methods

A sample of 4,000 men and women aged 65 years and over
living in the community were invited to attend a health check
carried out in the School of Public Health of the Chinese Uni-
versity of Hong Kong by placing recruitment notices in com-
munity centres for the elderly and housing estates. Several
talks were also given at these centres explaining the purpose,
procedures and investigations to be carried out. Subjects were
volunteers, and the aim was to recruit a stratified sample so
that ∼33% were in each of these age groups: 65–69, 70–74
and 75+. The study was approved by the Clinical Research
Ethics Committee of the Chinese University of Hong Kong,
which requires informed consent to be obtained.

A questionnaire containing information regarding demo-
graphics, medical history, smoking habit, alcohol intake and
physical activity level was administered by an interviewer. The
presence or absence of disease was based on subjects’ report
of diagnosis by their doctors. Self-rated socioeconomic sta-
tus was assessed by asking subjects to place a mark on an
upright ladder with ten rungs, with the lowest rung being
the most undesirable and the highest the most desirable state
with respect to their standing in the community (commu-
nity ladder). Participants placing themselves on the lower
rungs of the ladder indicate that they regard themselves as
having a lower status in the community. This is a subjec-
tive measure of social status developed by the John D and
Catherine T. MacArthur Research Network on Socioeco-
nomic Status and Health and has been found to be associ-
ated with key health outcomes in various population surveys
of different cultural and ethnic groups [9]. They were also
asked to rate themselves by placing a mark on another lad-
der, the top rung representing people who rated themselves
as having the most money, the most education and the most
respected jobs, and the bottom rung representing people at
the other extreme (Hong Kong Ladder). The ladders repre-
sent a measure of self-rated socioeconomic status. The use
of this self-rated measure had been discussed elsewhere [10].

Physical activity level was assessed using the Physical
Activity Scale of the Elderly (PASE). This is a 12-item scale
measuring the average number of hours per day spent in
leisure, household and occupational physical activities over
the previous 7-day period. A summary score of all the items
reflect the daily physical activity level [11]. Dietary intake was
assessed using a food frequency questionnaire, and mean
nutrient quantitation per day was calculated using food tables

derived from McCance and Widdowson and the Chinese
Medical Sciences Institute [12] for the following: total calo-
ries, total fat, per cent of total calories as fat, saturated,
monosaturated and polyunsaturated fatty acid, cholesterol
and vitamin C.

Body weight was measured with subjects wearing a light
gown, by the Physician Balance Beam Scale (Healthometer,
IL, USA). Height was measured by the Holtain Harpenden
standiometer (Holtain Ltd, Crosswell, UK). Body mass index
was calculated by dividing the weight in kg by the height in
metres [2].

Laboratory measurements

DNA samples were available from 976 men and 1,030
women. The quantitative PCR method was used to deter-
mine telomere length and has been reported elsewhere
[13]. In brief, DNA was extracted in the peripheral blood
by the phenol–chloroform method and stored at −80◦C
with concentration >100 ng/µl. Measurement of telom-
ere length of DNA samples follows the method pub-
lished by Cawthon [14] with modification [15], using a
Roche LightCycler 480 (Roche, Mannheim, Germany). The
threshold cycle numbers (Ct ) of the DNA samples were
recorded. This number is inversely proportional to log
(amount of DNA templates) [16]. A standard curve of Ct

versus concentration was plotted to get the efficiency for
each PCR reaction. This efficiency (E) can be obtained
by the formula 10−(1/slope), acceptable range 1.5–2.2. The
relative T/S ratio (second derivative of the T/S ratio or
��Ct ) was obtained by the formula {E(tel)ˆ[Ct (reference tel)

− Ct (sample tel)]}/{E(36B4)ˆ[Ct (reference 36B4) − Ct (sample 36B4)]}.
Among the batches of reaction we performed, the PCR effi-
ciency for the telomere primers ranged from 1.54 to 1.73
(mean ± SD: 1.63 ± 0.06), while that of the reference gene
primers ranged from 1.99 to 2.17 (mean ± SD: 2.10 ± 0.06).

In addition, calibration curve of telomere length versus
��Ct was plotted using four additional reference samples
with known telomere length, that has been previously mea-
sured by terminal restriction fragment length polymorphism
(TRFLP) and Southern blot. Thus, by comparing the raw
sample ��Ct to this calibration curve, the telomere length
was also estimated for each sample. The average coefficient of
correlation between the two parameters was r 2 = 0.63 which
is not different from that reported in the original paper by
Cawthon, r 2 = 0.68 [12]. The coefficients of variation (CV)
of the telomere and reference gene assay (36 B4) were 1.93%
and 1.27%, respectively. These values were comparable to
the values from two other studies using comparable meth-
ods: 0.9% and 2.4% [17] and 2.46% and 2.26% [18]. Within
a batch and between batches, analytical imprecision were
determined using two control samples with known telom-
ere length by TRFLP (long QC, TL = 11.3 kbp and short
QC, TL = 8.2 kbp) using results obtained from over 20
batches of assays. The within-batch and between-batch CV
per cent of calibrated TL was 8.5% and 7.5% for the long QC
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sample. For the short QC sample, they were 6.3% and 6.1%,
respectively.

Statistical analysis

Associations between telomere length and potential con-
founding factors such as body mass index, history of chronic
diseases and lifestyle factors (physical activity, smoking, alco-
hol intake, dietary intake) were first examined using Student’s
t-test and analysis of variance. The scores for the two ladders
were grouped into three, according to the distribution of the
scores: <5, 5–6 and ≥7. Association between telomere length
and ladder scores was examined using ANCOVA adjusted
for all factors found to have association with telomere length.

Results

A total of 86.3% of the cohort had already retired, and 91.4%
of women have had an occupation (other than being a house-
wife). The Spearman correlation coefficient between the two
ladder scores was 0.43 for men and 0.29 for women, P <

0.0001. There were more men and more current smokers in
the lower ranks of the community status ladder Table 1(a).
There were also more current smokers among those with
lower ranking in the Hong Kong ladder Table 1(b). Table 2
shows telomere length values in men and women, accord-
ing to age, lifestyle variables and presence of diseases where
associations with telomere length have been noted. The
distribution of telomere length followed a normal distri-
bution. The mean ages (SD) of the men and women were
72.8 (5.0) and 72.0 (5.2) years, respectively. Telomeres were
longer in women than men (9.3 ± 2.3 vs. 8.8 ± 1.6 kbps,
P < 0.001), although this was not significant when anal-
ysed by age subgroups. Telomere length was negatively cor-
related with age in men only (r = −0.069; P = 0.032).
There was no association between telomere length and
body mass index, physical activity level, smoking habit or
alcohol intake, tea consumption, fruits and vegetable con-
sumption and history of chronic diseases in either men
or women. In men, for the community ladder measure of
self-rated socioeconomic status, higher rankings were asso-
ciated with shorter telomere length after adjusting for age
Table 3(a). No significant relationship for women was
observed. For the Hong Kong ladder, in men, only the trend
was significant, while no association was observed in women
Table 3(b).

Discussion

This study of an older population did not find any associa-
tion between telomere length and lifestyle factors, body mass
index or the presence of chronic diseases. The findings of
longer telomere length in women and inverse correlation with
age are compatible with previous studies [19, 20], although
associations with age were not seen among the oldest old [21].

Table 1. Associations of sample characteristics with a level
of (a) community ladder ranking and (b) Hong Kong ladder
ranking

1–4 5–6 7–10 P-values∗. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
(a) Community ladder ranking

Men (%) 66.8% 51.3% 44.7% <0.0001
Age 0.3912

65–69 31.7% 35.3% 34.8%
70–74 32.7% 36.1% 34.0%
75 or above 35.6% 28.6% 31.2%

PASE 0.3376
<Median 45.2% 51.0% 49.9%
>Median 54.8% 49.0% 50.1%

Body mass index 0.9043
<25 kg/m2 65.9% 66.9% 65.9%
>25.1 kg/m2 34.1% 33.1% 34.2%

Total calorie intake 0.0135
<1,500 kcal/day 24.0% 28.2% 32.9%
>1,501 kcal/day 76.0% 71.8% 67.1%

Smoking <0.0001
Never 48.1% 63.7% 69.0%
Ex-smoker 41.4% 27.9% 25.5%
Current 10.6% 8.4% 5.5%

Alcohol use in past 12 months 0.8371
No 86.5% 88.0% 87.3%
Yes 13.5% 12.0% 12.7%

Tea drinking (g/week) 0.1383
<Median 44.7% 52.1% 51.9%
>Median 55.3% 47.9% 48.1%

Cataract 0.6163
No 61.5% 60.5% 58.6%
Yes 38.5% 39.5% 41.4%

Coronary heart disease 0.072
No 76.9% 82.4% 83.6%
Yes 23.1% 17.6% 16.4%

Osteoporosis 0.3494
No 74.0% 70.0% 69.0%
Yes 26.0% 30.0% 31.0%

(b) Hong Kong ladder ranking
Men (%) 50.9% 50.0% 50.4% 0.9395
Age 0.0701

65–69 33.2% 35.6% 36.9%
70–74 34.1% 37.1% 29.9%
75 or above 32.7% 27.4% 33.2%

PASE 0.9889
<Median 49.1% 49.1% 49.6%
>Median 50.9% 51.0% 50.4%

Body mass index 0.7019
<25 kg/m2 67.3% 65.4% 65.6%
>25.1 kg/m2 32.7% 34.6% 34.4%

Total calorie intake 0.4183
<1,500 kcal/day 30.8% 28.3% 31.7%
>1,501 kcal/day 69.2% 71.7% 68.3%

Smoking 0.0057
Never 60.0% 67.9% 64.8%
Ex-smoker 31.0% 26.2% 29.9%
Current 9.1% 5.9% 5.3%

Alcohol use in past 12 months 0.4865
No 87.4% 86.5% 89.3%
Yes 12.6% 13.5% 10.7%

Tea drinking (g/week) 0.5801
<Median 49.8% 52.3% 51.9%
>Median 50.3% 47.7% 48.2%

Cataract 0.56
No 58.3% 60.9% 60.3%
Yes 41.7% 39.1% 39.8%

Coronary heart disease 0.2308
No 82.0% 83.4% 78.7%
Yes 18.0% 16.6% 21.3%

Osteoporosis 0.5707
No 70.2% 71.5% 68.0%
Yes 29.9% 28.6% 32.0%

∗P-value of chi-square.
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Table 2. Telomere length (kpbs) by characteristics of men and women

Men P-values∗ Women P-values∗ Overall P-values∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age 0.0318 0.7722 0.0628

65–69 8.97 (1.65) 9.29 (2.24) 9.15 (2.02)
70–74 8.80 (1.63) 9.45 (2.21) 9.12 (1.97)
75 or above 8.70 (1.58) 9.30 (2.35) 8.98 (2.00)

PASE 0.1444 0.3134 0.1751
<Median 8.73 (1.59) 9.28 (2.37) 9.03 (2.06)
>Median 8.89 (1.65) 9.42 (2.14) 9.15 (1.93)

Body mass index 0.3258 0.8795 0.6812
<25 kg/m2 8.85 (1.65) 9.36 (2.25) 9.10 (1.98)
>25.1 kg/m2 8.74 (1.56) 9.33 (2.30) 9.06 (2.02)

Total calorie intake 0.4377 0.5381 0.2774
<1,500 kcal/day 8.72 (1.60) 9.30 (2.34) 9.16 (2.20)
>1,501 kcal/day 8.83 (1.63) 9.39 (2.20) 9.05 (1.90)

Smoking 0.2648 0.5370 0.0071
Never 8.79 (1.63) 9.37 (2.27) 9.20 (2.13)
Ex-smoker 8.78 (1.60) 9.10 (1.98) 8.82 (1.65)
Current 9.04 (1.68) 9.34 (2.80) 9.09 (1.89)

Alcohol use in past 12 months 0.8377 0.5414 0.0340
No 8.81 (1.63) 9.36 (2.27) 9.12 (2.03)
Yes 8.83 (1.61) 9.11 (2.19) 8.87 (1.69)

Tea drinking (g/week) 0.3467 0.5368 0.3377
<Median 8.76 (1.51) 9.38 (2.21) 9.13 (1.98)
>Median 8.86 (1.70) 9.29 (2.35) 9.04 (2.01)

Cataract 0.7200 0.4608 0.2570
No 8.83 (1.61) 9.30 (2.18) 9.05 (1.91)
Yes 8.79 (1.65) 9.40 (2.36) 9.15 (2.12)

Coronary heart disease 0.4327 0.1956 0.6526
No 8.83 (1.61) 9.31 (2.27) 9.08 (1.99)
Yes 8.73 (1.68) 9.55 (2.21) 9.13 (2.00)

Osteoporosis 0.5965 0.9114 0.0642
No 8.82 (1.62) 9.36 (2.31) 9.03 (1.93)
Yes 8.74 (1.64) 9.34 (2.22) 9.22 (2.12)

∗P-value of t-test or ANOVA.

Table 3. Estimated mean (SE) of telomere length (kpbs) by community and Hong Kong ladder rankings and ANCOVA
adjusted for age

Variable Estimated mean (SE) P-value of difference P-value of trend
1–4 5–6 7–10

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
(a) Community ladder

Male
N 139 362 457
Telomere length 9.20 (0.14) 8.82 (0.08) 8.68 (0.08) 0.0046 0.0011

Female
N 69 344 565
Telomere length 9.71 (0.27) 9.49 (0.12) 9.24 (0.09) 0.1156 0.1023

(b) Hong Kong ladder
Male

N 409 422 123
Telomere length 8.91 (0.08) 8.80 (0.08) 8.52 (0.15) 0.0559 0.0166

Female
N 395 422 121
Telomere length 9.46 (0.11) 9.38 (0.11) 9.06 (0.20) 0.2214 0.0829

However, this study shows that a higher rank in self-rated
social standing in the community is associated with shorter
telomere length in men only, a finding in contrast to previous
studies examining the relationship between telomere length

and the traditional objective measures of socioeconomic sta-
tus in Caucasian middle-aged populations, where one study
showed that telomere length is shorter in those with lower
socioeconomic status [7], while one study did not show any
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associations [8]. In the study of 1,552 female twins in whom
shorter telomeres were found in the lower socioeconomic
groups [7], the difference in mean telomere length between
nonmanual and manual occupational classes was 0.15 kb,
compared with the value of 0.52 kb between the groups in
the lower self ranking [1–4] compared with the higher rank-
ings [7–10], with longer telomeres in the lower ranking group.
It is possible that among the Hong Kong Chinese popula-
tion, those with higher socioeconomic status have less healthy
lifestyles in terms of smoking, physical activity, alcohol and
anti-oxidant intake. However, this is unlikely since there was
no clear relationship between lifestyle and the ladder ranking
in this population.

A possible explanation is that self-rated status may be a
reflection of men in the higher ranks in this society being
subjected to greater stress arising from changes after retire-
ment. It has been pointed out that unlike work stress, there is
relatively little data on stress in older men leaving the work-
force [1]. It is possible that there may be adaptation problems
from the transition from important work roles to retirement,
with changes in social network and perhaps family structure.
There are studies supporting an association between shorter
telomere length and stress [5, 6, 22, 23]. Psychological stress
in elderly men may operate in the opposite direction to the
middle-age population. The effect of psychological stress may
be mediated via the inflammatory cytokine pathway [24, 25],
resulting in inflammatory and oxidative stress giving rise to
telomere attrition.

The absence of any association in women may be
explained by the absence of such psychological factors in that
women had lower educational levels and income and lower
level occupations or were housewives, such that leaving the
workforce may not represent such a major change. Another
possible explanation is the protective effect of oestrogens
[26]. The lack of association is in contrast to the study in
Caucasian middle-age women and men, where individuals
with lower socioeconomic status measured objectively (occu-
pational class) had shorter telomeres [7]. It is possible that
psychosocial stress operate differently at different stages in
life, from work to retirement.

In this study, self-rated rather than objective measures of
socioeconomic status such as education, income and employ-
ment was used. It has been pointed out that in rich countries,
psychosocial factors are also important in addition to material
conditions, [27] such that the relationship between poverty
and health is not straightforward [28]. Therefore, in ‘devel-
oped’ countries, an indicator that takes into account this
dimension in addition to the traditional measures may be
more powerful in examining social determinants of health
[9, 29–32]. The self-rated ladders take into account the psy-
chological dimension [28, 33]. Psychosocial factors, incorpo-
rated into the measurement of self-rated community status,
may be more important than objective socioeconomic status
per se, in relation to health and ageing [34].

There are limitations in this study. The data are cross-
sectional in nature and consists of an older population. Hence,
there may be survivor bias. We did not include a question-

naire to assess stress, to be able to test the hypothesis that
the relationship between higher self-rated status and shorter
telomeres is mediated via increased stress. The strength of the
study lies in the sufficiently large sample size for both men and
women, allowing observations related to gender differences
to be made. Furthermore, an assessment of socioeconomic
status incorporating psychosocial factors was used. The study
also documented in a comprehensive manner many other
confounding factors, which could be adjusted for if neces-
sary in examining the link between socioeconomic status and
telomere length. In conclusion, this study shows that older
Chinese men who rated their socioeconomic status highly
have shorter telomeres and that the relationship is possibly
mediated via psychosocial stress rather than lifestyle factors
or associated chronic diseases. This finding underscores the
importance for further studies into the relationship between
social determinants of health in the post-retirement age and
the cultural and ethnic differences that may exist for this
relationship.

Key points
� In middle-aged UK women, shorter telomere length was

found among those in the lower socioeconomic class.
� Among Chinese men aged 65 years and over, shorter

telomere length was found in those with higher self-rated
economic status.

� There may be cultural- and age-related differences in the
social determinants of health.
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