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Environmental and lifestyle factors that affect oxidative stress and inflammation may influence telomere length (TL). There are limited data to

relate the effect of dietary components on TL. The present study examined the association between food groups and TL in a sample of elderly

Chinese. In a sample of 2006 Chinese (976 men and 1030 women) aged 65 years and over, TL was measured by quantitative real-time PCR

and daily intake of food groups was assessed by a validated FFQ. Linear regression and analysis of covariance were used to examine the associ-

ation between food group intake and TL, with adjustment for demographic and lifestyle factors. In men, only Chinese tea consumption was

significantly associated with TL after adjustment for demographics and lifestyle factors (P¼0·002). Mean difference in TL for those in the highest

quartile of Chinese tea consumption (.3 cups/d or .750 ml/d) as compared with those in the lowest quartile of Chinese tea consumption

(#0·28 cups/d or #70 ml/d) was 0·46 kb, corresponding to approximately a difference of 5 years of life. In women, intake of fats and oils was

borderline and negatively associated with TL after adjustment for demographic and lifestyle factors (P¼0·037). In conclusion, Chinese tea

consumption was positively associated with TL in elderly Chinese men.

Telomeres: Tea: Diet: Ageing

Telomeres are repeats of DNA sequences located at the end of
chromosomes in eukaryotic cells(1). They are critical in main-
taining chromosome stability, preventing fusion and atypical
recombination, and are essential for cell division(2). Telomere
shortening, which is sensitive to cell division rates and the
level of oxidative stress, has been associated with CHD,
hypertension, dementia, obesity, insulin resistance, cigarette
smoking, and bone mineral density(3 – 6). The underlying cellu-
lar basis for the associations has also been studied in cardiac
myocyte, smooth muscle and endothelial cells(7,8). These
studies gave rise to the concept of telomere shortening as an
ageing biomarker or biochronometer, in that it is a marker
of cell senescence and likely represents cumulative oxidative
or inflammatory stress(6,9,10) resulting in tissue functional
attenuation.

Although genetics play an important role in determining
telomere length (TL)(11,12), environmental and lifestyle factors
such as smoking(13), physical activity(5) and life stress(14),
which affect oxidative stress and inflammation, may influence
the rate of cell turnover, which, in turn, may influence
telomere shortening. There are, however, limited data to
relate the effect of dietary components on telomere shortening.
Numerous studies have shown that diet rich in fruits,
vegetables, whole grains, soya and green tea was associated
with reduced mortality from chronic diseases(15 – 18).

Higher consumption of whole grains, fruits, vegetables,
legumes, nuts and fish was also associated with lower concen-
trations of biomarkers of inflammation(19,20). It is therefore
possible to speculate that dietary components associated
with oxidative stress and inflammation may influence TL.
A recent study has examined the associations between TL
and dietary patterns and food groups in a group of white,
black and Hispanic adults(21). The study reported an inverse
association between processed meat intake and TL, whereas
no association was observed for other food groups. To our
knowledge, no further studies have reported the association
between diet and TL in the literature.

In view of the differences in diet pattern among Chinese
and other populations(22,23), the present study examined the
association between food groups and TL in a sample of
Chinese aged 65 years and over.

Subjects and methods

Study population

About 2000 men and 2000 women aged 65 years and over
living in the community participated in a health survey
between 2001 and 2003. They were invited to attend a
health check carried out in the School of Public Health of
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the Chinese University of Hong Kong, by placing recruitment
notices in community centres for the elderly and housing
estates. Several talks were also given at these centres explain-
ing the purpose, procedures and investigations to be carried
out. Subjects were volunteers, and the aim was to recruit a
stratified sample so that approximately 33 % would be in
each of these age groups: 65–69, 70–74, 75 þ . The present
study was conducted according to the guidelines laid down
in the Declaration of Helsinki, and all procedures involving
human subjects were approved by the Clinical Research
Ethics Committee of the Chinese University of Hong Kong.
Written informed consent was obtained from all subjects.
The present study includes data from 976 men and
1030 women (50·2 % all subjects) for whom TL and diet
data were available.

Anthropometric measurement and dietary assessment

Information was collected regarding education, history
of chronic diseases including heart diseases, diabetes and
hypertension, smoking habit, alcohol use, physical activity
and dietary intake. Physical activity was assessed by the
Physical Activity Scale for the Elderly(24). Dietary intake
was assessed using a FFQ, and mean nutrient quantitation
per day was calculated using food tables derived from
McCance and Widdowson(25) and the Chinese Medical
Sciences Institute(26). The FFQ had been validated with
the BMR calculation and the 24 h sodium/creatinine and
potassium/creatinine analysis(27). In the present study, we
included thirteen food groups from the FFQ in the analysis.
The food groups included cereals; meats and poultry; egg
and egg products; fish; milk and milk products; fruits
and dried fruits; vegetables; legumes/nuts/seeds; pickled
vegetables; dim sum; fast food; fats and oils for cooking;
and Chinese tea. Each subject was asked to complete the
questionnaire – the food item, the size of each portion, the
number of times of consumption each day and each week.
Portion size was explained to subjects using a catalogue of
pictures of individual food portions. The amount of cooking
oil was estimated according to the method of preparing
different foods: 0·2 tablespoon for steaming fish or stir
frying half a portion of vegetables, and one tablespoon for
stir frying one portion of vegetables or one portion of
meat. For food items consumed less than once per week,
information was obtained for consumption pattern over
1 year and the quantitation per day or week adjusted accord-
ingly. To assess Chinese tea consumption, Chinese tea was
included as one of the food items in the validated FFQ.
Similar to the assessment of other food groups described
above, subject was asked about the consumption frequency
of Chinese tea over the past year, such as never, a few
times per year, once per week, every day etc. Subject was
then asked to quantify the average cup(s) of Chinese tea
drank per time, using 250 ml as one cup portion.

Body weight was measured to the nearest 0·1 kg with
subjects wearing a light gown, by the Physician Balance
Beam Scale (Healthometer, Chicago, IL, USA). Height was
measured to the nearest 0·1 cm by the Holtain Harpenden
stadiometer (Holtain Ltd, Crosswell, UK). BMI was calculated
as body weight in kg/(height in m2).

Telomere length measurement in leukocytes by quantitative
real-time PCR

The principle of the laboratory method has been previously
described(28). In short, DNA was extracted in the peripheral
blood by phenol–chloroform method and stored at 2808C
with concentration .100 ng/ml (whereas working samples of
20 ng/ml were prepared before analysis). TL measurement fol-
lowed the method published by Cawthon(29) with modifi-
cation(30). Unlike the traditional method using terminal
restriction fragment (TRF) analysis, this method used the tech-
nique of quantitative real-time PCR, which has the advantage
of high throughput, time-saving and reproducible estimation
of TL(29,31 – 33). Roche LightCycler 480 (Roche, Mannheim,
Germany) was used to perform the quantitative real-time
PCR with primer sequences obtained from Cawthon(29). The
T/S ratio (Ct (telomere assay)/Ct (single copy gene assay)) was used to
assess the relative length of telomere, while Ct is the fractional
cycle number for a threshold fluorescence level to be reached
during quantitative real-time PCR. The T/S ratio (DDCt) was
then plotted against a standard calibration curve using samples
with pre-determined TL to obtain the TL in unit of kilobps
(kb). The percentage of CV of the Ct measurements of the tel-
omere and the single copy gene probes was 3·6 and 1·8 %,
respectively. Two control samples were analysed in duplicates
in each batch of assays, one sample was collected from a vol-
unteers of age of 20s representing a long telomere control
(long QC, by TRF ¼ 11·6 kb) and another one from an elderly
subject representing a short telomere control (short QC, by
TRF ¼ 8·2 kb). Within-batch and between-batch analytical
imprecisions were determined from over twenty batches of
assays using these two samples. The within-batch and
between-batch percentage of CV of DDCt were 11·9 and
11·2 % for the long QC sample. For the short QC sample,
they were 8·1 and 14·2 %, respectively.

A calibration curve was drawn by using DDCt values
obtained from five different samples of pre-determined TL
by TRF method. The coefficient of determination (R 2) of
the linear correlation between TL by TRF method and DDCt

was 0·63, which was similar to that reported (R 2 0·68) in
the original description of the DDCt method by Cawthon(29).
Calibration to TL in kb was carried out independently
for each batch, which in a way partially corrected for
between-batch variation in determination of DDCt and TL.
After calibration to TL in kb, the within-batch and between-
batch percentage of CV of TL were 8·5 and 7·5 % for the
long QC sample. For the short QC sample, they were 6·3
and 6·1 %, respectively. A reduction in between-batch percen-
tage of CV was noted, which reflected a partial correction of
the between-batch variation in the calibration process.

Statistical analysis

Data analysis was performed using SAS version 9.1 (SAS
Institute, Inc., Cary, NC, USA). Normality of the data was
checked by histograms and variables were log transformed if
required. Subjects’ demographic and lifestyle characteristics
were divided into categories to show frequency distributions
whenever appropriate. ANOVA or independent t test was
used to compare the average TL across categories of demo-
graphic and lifestyle characteristics. Linear regression was
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Table 1. Characteristics of subjects and mean (SD) of telomere length (kb) across different demographic categories

(Mean values and standard deviations; median values and interquartile ranges)

Men (n 976) Women (n 1030)

n % Mean SD P value* n % Mean SD P value*

Age (years)
65–69 291 29·8 8·97 1·65 0·116 395 38·3 9·29 2·24 0·577
70–74 348 35·7 8·80 1·63 344 33·4 9·45 2·21
75þ 337 34·5 8·70 1·58 291 28·3 9·30 2·35

Education
Primary or below 602 61·7 8·84 1·66 0·608 841 81·7 9·33 2·30 0·573
Secondary or above 374 38·3 8·78 1·57 189 18·3 9·43 2·10

Current drinker
Yes 216 22·1 8·83 1·61 0·838 32 3·1 9·11 2·19 0·541
No 760 77·9 8·81 1·63 997 96·9 9·36 2·27

Current smoker
Yes 121 12·4 9·04 1·68 0·096 23 2·2 9·34 2·80 0·992
No 855 87·6 8·78 1·61 1007 97·8 9·35 2·25

Medical history of heart disease
Yes 98 10·0 8·48 1·56 0·034 93 9·0 9·46 2·16 0·603
No 878 90·0 8·85 1·63 937 91·0 9·34 2·27

Medical history of diabetes
Yes 137 14·0 8·90 1·67 0·497 152 14·8 9·04 2·27 0·074
No 839 86·0 8·80 1·62 878 85·2 9·40 2·26

Medical history of hypertension
Yes 397 40·7 8·74 1·68 0·251 448 43·5 9·33 2·27 0·818
No 579 59·3 8·86 1·58 582 56·5 9·36 2·26

Mean SD Median Interquartile range Mean SD Median Interquartile range
Cigarette pack years 6·8 0·0–33·8 0·0 0·0–0·0
BMI (kg/m2) 23·4 3·1 23·9 3·5
PASE 94·8 49·3 89·7 35·0
Energy intake (kJ/d) 8658·6 2464·8 6748·7 1963·0
Daily food group intake

Cereals (g) 649·1 249·0 555·4 210·3
Meat and poultry (g) 78·6 60·2 53·3 41·0
Fish (g) 90·3 81·1 75·7 69·6
Fruits and dried fruits (g) 264·1 188·6 258·4 219·8
Vegetables (g) 245·5 168·6 245·8 165·4
Dim sum (g) 69·7 66·2 41·2 43·5
Fats and oils for cooking (g) 22·7 15·3 17·7 13·6
Chinese tea (ml) 531·9 523·6 347·8 425·8
Egg and egg products (g) 8·0 3·8–16·5 7·4 3·8–14·3
Milk and milk products (g) 10·0 1·0–35·9 6·4 0·0–25·4
Legumes, seeds and nuts (g) 30·0 15·0–56·1 25·6 12·2–49·4
Pickled vegetables (g) 0·0 0·0–0·8 0·0 0·0–0·7
Fast food (g) 0·0 0·0–7·8 0·0 0·0–4·7

PASE, Physical Activity Scale for the Elderly.
* Comparison of telomere length across groups or between groups by ANOVA or independent t test, respectively.
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used to examine the association of TL and food group intake.
Unadjusted and multivariable models were used to examine
the associations between TL and per 1 SD unit increase in
food group intake. Multivariable model was adjusted for age
(in years, continuous), BMI (in kg/m2, continuous), energy
intake (in kJ/d, continuous), education (below secondary,
secondary or above), current drinker (yes or no), current
smoker (yes or no), pack years of smoking (continuous),
Physical Activity Scale for the Elderly (continuous), medical
history of heart diseases (yes or no), diabetes (yes or no)
and hypertension (yes or no). Significant associations were
further characterised by calculating adjusted mean TL across
categories of food group intake using analysis of covariance.
Interactions between sex and food group intake were tested
with cross product terms. Statistical tests were considered
significant if P,0·05 (two sided).

Results

Measurement of TL was carried out in 2006 subjects (976 men
and 1030 women). There were no significant differences in
demographic and lifestyle characteristics between those
included in the present study (n 2006) and those not included
in the present study (n 1994) (data not shown). For those
included in the present study, their characteristics are shown
in Table 1. Mean age was 72·8 (SD 5·0) years for men and
72·0 (SD 5·2) years for women. In men, older age tended to
show shorter TL, but the difference in TL across age groups
did not reach statistical significance (P¼0·116). Those had
history of heart disease showed shorter TL than those did
not (P¼0·034). In women, average TL did not differ signifi-
cantly across different categories of demographic and lifestyle
characteristics.

In men, only Chinese tea consumption was significantly
associated with TL after multivariable adjustment (P¼0·002;
Table 2). No association was detected between other food
groups and TL in the multivariable models. In women,

only intake of fats and oils was negatively associated with
TL after adjustment for demographic and lifestyle factors
(P¼0·033).

When consumption of Chinese tea was divided into
quartiles in men, mean TL was highest in those subjects in
the highest quartiles of Chinese tea consumption (Table 3).
Mean difference in TL for those in the highest quartile of
Chinese tea consumption (.3 cups/d or .750 ml/d) as
compared with those in the lowest quartile of Chinese tea
consumption (#0·28 cups/d or #70 ml/d) was 0·46 kb, corre-
sponding to approximately a difference of 5 years of life(34).
The association remained significant after full adjustment for
demographic characteristics, lifestyle factors and medical
history (P,0·001). In women, mean TL was lowest in those
subjects in the highest quartiles of cooking fats and oils
intake (Table 4). The association was only statistically signifi-
cant after adjustment for demographic characteristics, lifestyle
factors and medical history (P¼0·037).

Discussion

Diet rich in fruits, vegetables, whole grains, soya and green
tea was associated with reduced mortality from chronic
diseases(15 – 18) and lower concentrations of biomarkers of
inflammation(19,20). It is thus speculated that dietary com-
ponents associated with oxidative stress and inflammation
may influence TL. A recent study has reported an inverse
association between processed meat intake and TL, whereas
no association was observed for other diet features with
TL(21). In the present study, of all food groups examined,
only Chinese tea consumption was positively associated with
TL and the association was only observed in men, whereas
in women, intake of fats and oils was borderline and nega-
tively associated with TL.

Beneficial effects of tea on health are extensively
reviewed(35,36). There are three major types of tea, depending
on the level of fermentation. They are green (unfermented),

Table 2. Linear regression between telomere length (kb) and per 1 SD increase in the intake of different food groups

Men Women

Unadjusted
Multivariable

adjusted† Unadjusted
Multivariable

adjusted

Food group B P value B P value B P value B P value

Cereals (g/d) 20·025 0·596 20·012 0·858 0·021 0·659 20·015 0·866
Meat and poultry (g/d) 0·030 0·595 0·060 0·284 0·008 0·912 20·016 0·763
Egg and egg products (g/d)* 0·008 0·888 0·014 0·803 20·003 0·968 20·034 0·646
Fish (g/d) 20·006 0·914 0·016 0·814 0·070 0·263 0·070 0·343
Milk and milk products (ml/d)* 0·079 0·292 0·079 0·157 0·061 0·428 0·061 0·549
Fruits and dried fruits (g/d) 20·094 0·061 20·094 0·103 0·066 0·389 0·022 0·701
Vegetables (g/d) 20·034 0·593 20·017 0·701 0·017 0·770 20·015 0·854
Legumes, seeds and nuts (g/d)* 20·010 0·851 20·002 0·977 0·072 0·311 0·051 0·505
Pickled vegetables (g/d)* 0·035 0·503 0·034 0·527 20·070 0·320 20·088 0·229
Dim sum (g/d) 0·066 0·080 0·132 0·066 0·044 0·666 0·003 0·970
Fast food (g/d)* 20·011 0·834 20·017 0·757 0·048 0·502 0·018 0·817
Fats and oils for cooking (ml/d) 0·031 0·615 0·015 0·818 20·136 0·047 20·150 0·033
Chinese tea (ml/d) 0·157 0·001 0·157 0·002 20·043 0·419 20·043 0·500

PASE, Physical Activity Scale for the Elderly.
* Log transformed for linear regression.
† Adjusted for age (in years, continuous), BMI (in kg/m2, continuous), energy intake (in kJ/d, continuous), education (below secondary, secondary or above),

current drinker (yes or no), current smoker (yes or no), cigarette pack years (log transformed, continuous), PASE (continuous), medical history of heart
disease (yes or no), diabetes (yes or no) and hypertension (yes or no).
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oolong (partially fermented) and black (fermented) tea(35).
Both green and oolong teas are popular for Chinese popu-
lation. In the present study, a positive association was
observed between TL and Chinese tea consumption. The
result was consistent with studies showing reduced risk of
cancer(36), diabetes(38,39), CVD(37) and mortality(38), and
reduced level of inflammatory markers(39). The antioxidative
properties of tea and its constituent nutrients may protect
telomeres from oxidative damage in the normal ageing
process. Tea is rich in polyphenols and contains carotenoids,
tocopherols, ascorbic acid, minerals and certain phytochemical
compounds(35,40). These constituents have been suggested to
work against oxidative damage in several ways, including
scavenging harmful reactive nitrogen and oxygen species,
acting as metal chelators and inhibiting lipoxygenase, cyclo-
oxygenase and xanthine oxidase enzymes(35,41,42). Although
some studies suggested that subjects with high tea consump-
tion were prone to have healthier lifestyle(43,44), we tried to
control for all possible confounding factors in the analyses.
The positive association between TL and Chinese tea

consumption in men remained significant in the multivariable
model, and it was unlikely that the significant association
observed in men was due to chance. In contrast, there were
some possibilities to explain the lack of association between
tea consumption and TL in women; for example, the differ-
ences in demographic and lifestyle characteristics between
men and women, such as education, smoking status and alco-
hol use. There was also no adjustment for psychosocial stress
or socioeconomic factors such as income or occupation level
before retirement in the present study. These factors have
been associated with TL in previous studies(14,45) and may
be associated with dietary factors and therefore could be con-
founders. Moreover, the hormonal differences between men
and women, and the somatic cell selection primarily be appar-
ent in older women, may provide a survival advantage and a
greater resistance to oxidative stress by telomeres in
women(46). Therefore, the diet impact on TL may be less pro-
nounced in women than in men.

In the present study, a significant and inverse association
between intake of fats and oils and TL was observed in

Table 3. Adjusted telomere length by quartiles (Q) of Chinese tea consumption in men

(Mean values with their standard errors)*

Telomere length (kb)

Unadjusted
Multivariable

adjusted‡

Chinese tea
consumption

Intake range
(cups/d)† Mean SE Mean SE

Q1 (n 236) #0·28 8·72 0·11 8·73 0·15
Q2 (n 230) .0·28–1·99 8·84 0·11 8·84 0·16
Q3 (n 275) .1·99–3·00 8·56 0·10 8·54 0·16
Q4 (n 233) .3·00 9·20 0·11 9·19 0·16
P value ,0·001 ,0·001

* By analysis of covariance.
† 1 cup ¼ 250 ml.
‡ Adjusted for age (in years, continuous), BMI (in kg/m2, continuous), energy intake (in kJ/d, continuous),

education (below secondary, secondary or above), current drinker (yes or no), current smoker (yes or no),
cigarette pack years (log transformed, continuous), Physical Activity Scale for the Elderly (continuous), medi-
cal history of heart disease (yes or no), diabetes (yes or no) and hypertension (yes or no).

Table 4. Adjusted telomere length by quartiles (Q) of intake of fats and oils for cooking in women

(Mean values with their standard errors)*

Telomere length (kb)

Unadjusted
Multivariable

adjusted‡

Fats and oils
consumption

Intake range
(serving/d)† Mean SE Mean SE

Q1 (n 223) #0·62 9·49 0·15 9·45 0·40
Q2 (n 273) .0·62–1·24 9·57 0·14 9·58 0·.40
Q3 (n 240) .1·24–1·55 9·28 0·15 9·25 0·40
Q4 (n 291) .1·55 9·09 0·13 9·04 0·40
P value 0·059 0·037

* By analysis of covariance.
† 1 serving¼15 g.
‡ Adjusted for age (in years, continuous), BMI (in kg/m2, continuous), energy intake (in kJ/d, continuous), education

(below secondary, secondary or above), current drinker (yes or no), current smoker (yes or no), cigarette pack
years (log transformed, continuous), Physical Activity Scale for the Elderly (continuous), medical history of heart
disease (yes or no), diabetes (yes or no) and hypertension (yes or no).
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women when adjusting for demographic characteristics,
lifestyle factors and medical history. Cooking method may
be one possible reason to explain for the inverse association
between TL and fats and oils intake. For example, eating
raw vegetable is not common for Chinese and vegetable
cooking methods in Chinese differ from those of the
Western countries. For Chinese population, the majority
of oil is used for cooking vegetables and the usual method
is to stir-fry them. Our sample, similar to the general
Hong Kong population, used mainly maize and peanut oil
for cooking(47). Previous studies have suggested that stir-fry
not only destroys nutrient values of vegetables(48), but also
gives rise to a wide variety of mutagenic substances that are
carcinogenic(49,50). Epidemiological studies also reported that
high temperature cooking was associated with elevated risk
of cancer(51,52).

No association between TL and other well-known factors
such as age and smoking was observed in the present study.
The result was different from previous studies(13,21). However,
many factors should be considered in the comparison between
the present and previous studies. Firstly, the mean age of
this sample was approximately 72 years, compared with the
age range of 18–76 years for women in one study(13) and
45–84 years for men and women in the other(21). In examining
association between TL and age, large number of subjects
over a wide age range would be preferable. Our sample did
not include young or middle-age subjects. Secondly, an over-
all of 7·2 % of this sample (12·4 % in men and 2·2 % in
women) was current smoker, compared with 18·4 % for
women in one study(13) and a range of 9·9–13·3 % for men
and women in the other study(21). The small proportion of
current smoker in our sample may also explain the lack of
association between TL and smoking.

There are limitations in the present study. The data are
cross-sectional in nature and TL at a single point in time
may not reflect telomere attrition, which is the construct of
great interest. Inter-individual differences in TL are present
at birth; thus, changes in TL over time may not mirror
cross-sectional differences in absolute TL, even if age
adjusted(53). In addition, we agree with the presence of hetero-
geneity in TL among different white cell populations.
However, blood samples of the present study cohorts were
collected from healthy elderly, and at the time of collection
they did not suffer from any acute illness. Therefore, it
could be assumed that they had steady cell counts of the leu-
cocyte populations. The measurement only reflects the mean
TL rather than specific length for particular leucocyte popu-
lation. Furthermore, the same method of measurement of TL
in the mixed white cells population had been used in many
other studies and found to be correlated with biological
parameters(54 – 56). The reliance on self-report of health
conditions may be another limitation in the present study.
The cross-sectional design of the present study may also
lead to survival bias. Those with diseases (and likely shorter
TL) may have died earlier, so that the survivors may have
relatively longer TL(57). Therefore, fewer associations with
diseases or lifestyle factors may be observed. Furthermore,
data obtained at one time point regarding environmental
factors that are related to chronic inflammatory or oxidative
stress may not be an accurate reflection of life course factors
or cumulative stress.

In conclusion, the present cross-sectional study showed that
Chinese tea consumption was positively associated with TL in
elderly Chinese men. Intake of fats and oils may be associated
with TL in elderly Chinese women. However, the underlying
mechanisms by which tea and its constituent nutrients affect
TL, and the interplay of diet constituents, choice of cooking
methods and other lifestyle factors on TL remain to be deter-
mined in future prospective studies and clinical trials.
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