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Abstract
Telomeres consist of nucleotide repeats and a protein complex at chromosome ends that are
essential to maintaining chromosomal integrity. Several studies have suggested that subjects with
shorter telomeres are at increased risk of bladder and lung cancer. In comparison to normal tissues,
telomeres are shorter in high-grade intraepithelial neoplasia and prostate cancer. We examined
prostate cancer risk associated with relative telomere length as determined by quantitative PCR on
pre-diagnostic buffy coat DNA isolated from 612 advanced prostate cancer cases and 1049 age-
matched, cancer-free controls from the PLCO Cancer Screening Trial. Telomere length was
analyzed as both a continuous and a categorical variable with adjustment for potential
confounders. Statistically significant inverse correlations between telomere length, age and
smoking status were observed in cases and controls. Telomere length was not associated with
prostate cancer risk (at the median, OR = 0.85, 95% CI 0.67, 1.08); associations were similar
when telomere length was evaluated as a continuous variable or by quartiles. The relationships
between telomere length and inflammation-related factors, diet, exercise, body mass index, and
other lifestyle variables were explored since many of these have previously been associated with
shorter telomeres. Healthy lifestyle factors (i.e., lower BMI, more exercise, tobacco abstinence,
diets high in fruit and vegetables) tended to be associated with greater telomere length. This study
found no statistically significant association between leukocyte telomere length and advanced
prostate cancer risk. However, correlations of telomere length with healthy lifestyles were noted,
suggesting the role of these factors in telomere biology maintenance and potentially impacting
overall health status.
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Introduction
Telomeres are specialized structures located at eukaryotic chromosome ends composed of
several thousand (TTAGGG)n nucleotide repeats and an ordered protein complex (deLange,
2005; Moon & Jarstfer, 2007). They protect chromosomes from degradation, end-to-end
fusion, and atypical recombination (Moon & Jarstfer, 2007). In most normal cells, telomeric
repeats shorten by 50 to 200 base pairs with each cell division, because of ineffective
replication of the 3′ end by DNA polymerases (Collins & Mitchell, 2002). Progressive
telomeric attrition eventually results in critically short telomeres, prompting cellular
senescence or cellular crisis (Maser & DePinho, 2002; Gilley et al., 2005). In contrast,
cancer cells, lacking a normal DNA damage response, continue to divide by up-regulating
telomerase or through the alternative lengthening of telomeres (ALT) pathway. This can
lead to continued cellular proliferation despite chromosomal instability. Most normal tissues
express no or very low telomerase; however, telomerase activity has been found in
approximately 90% of human cancers (Shay & Bacchetti, 1997; Shay & Roninson, 2004).
Mouse models show an increased frequency of tumor formation in mice with shorter
telomeres (Blasco et al., 1997; Rudolph et al., 1999; Artandi et al., 2000), suggesting that
short telomeres increase the risk of cancer.

Several studies have shown an association between shorter telomeres in peripheral blood
leukocytes and/or buccal cells and risk of bladder, head and neck, lung, and renal cell
cancers (Wu et al., 2003; Broberg et al., 2005; McGrath et al., 2007; Shao et al., 2007; Jang
et al., 2008). Leukocyte and buccal cell telomere shortening has also been associated with
aging and age-related diseases, inflammatory processes, regeneration, and many other non-
neoplastic diseases (including diabetes mellitus, coronary artery disease, and ulcerative
colitis) (reviewed in Wong & Collins, 2003; Aubert & Lansdorp, 2008). Decreased telomere
length has also been associated with lower vitamin D intake (Richards et al., 2007),
increased oxidative stress (von Zglinicki, 2002; Tchirkov & Lansdorp, 2003), increased
body mass index (Gardner et al., 2005; Valdes et al., 2005; O’Donnell et al., 2008; Zannolli
et al., 2008; Aviv et al., 2009), smoking (Nawrot et al., 2004; Valdes et al., 2005; Morlà et
al., 2006; McGrath et al., 2007; Aviv et al., 2009), low socio-economic status (Cherkas et
al., 2006), and decreased physical activity (Cherkas et al., 2008), although the strength of
the data varies between studies.

Prostate cancer is the most common non-cutaneous malignancy among men in developed
countries. It is estimated that there will be approximately 186,000 new cases in the U.S.
reported in 2008 (American Cancer Society, 2008). The molecular mechanisms underlying
prostate cancer pathogenesis remain largely unknown. The data suggest that prostate cancer
has a complex genetic and environmental basis (Schaid, 2004). Several large studies of
prostate cancer suggest that genetic variation in the 8q24 chromosome locus and several
other loci are associated with increased risk (Eeles et al., 2008; Thomas et al., 2008).
However, the direct biological relevance of these associations has yet to be determined.

Telomeres, telomere shortening and telomerase activity have emerged as potentially
important factors in prostate carcinogenesis. Telomere length in epithelial cells from high-
grade prostatic intra-epithelial neoplasia (HGPIN) lesions were strikingly shorter than those
of adjacent normal appearing epithelial cells (Meeker et al., 2002; Joshua et al., 2007).
Increased telomere attrition in prostate cancer tumor tissue has also been associated with
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poor clinical outcome and increased rates of disease progression (Donaldson et al., 1999;
Fordyce et al., 2005).

This study evaluated the role of pre-diagnostic leukocyte telomere length as a marker of
prostate cancer risk among participants in the Prostate, Lung, Colorectal, and Ovarian
(PLCO) Cancer Screening Trial (Prorok et al., 2000). Associations between smoking, diet,
obesity, physical activity, inflammation, and other selected lifestyle variables were explored,
since many of these have previously been associated with telomere shortening.

Results
Subject characteristics

The characteristics of the 612 cases of advanced prostate cancer and 1049 matched controls
are shown in Table 1. Age and smoking habits were similar in cases and controls. A family
history of prostate cancer was more common in prostate cancer cases (12.0%) than controls
(5.9%) (OR = 2.18, 95% CI 1.45, 3.27). As expected, statistically significant inverse
correlations were found in controls between relative telomere length and age (r = −0.47, P <
0.0001). These age correlations were consistent when cases and controls were combined
(Table 2) or when analyzed separately (Supplemental Table 1). Statistically significant
inverse correlations were also found with pack-years smoked (in controls: r = −0.095, P =
0.003).

Prostate cancer risk and telomere length
Prostate cancer cases and controls did not differ with respect to mean relative telomere
length (mean for cases = 15.49 [95% CI 14.8, 16.2] and mean for controls =15.45 [95% CI
14.9, 16.0] (Pwilcoxon = 0.452). When the subjects were categorized into quartiles of
telomere length based on the telomere length distribution of the controls, the ORs for
prostate cancer, compared to the 4th (highest) quartile, decreased from 1.28 (95% CI 1.00,
1.58), 0.97 (95% CI 0.81, 1.15), and 0.81 (95% CI 0.64, 1.02) with successively shorter
telomere lengths (3rd to the 1st quartile; Ptrend 0.341). In logistic regression models
conditioning on the matching factors and adjusting for smoking status (Table 3), shorter
telomere length (less than the median) was associated with a statistically non-significant
decreased risk of prostate cancer (OR = 0.85, 95% CI 0.67, 1.08). Comparison of telomere
length as a continuous variable did not yield a statistically significant association (OR per
unit length = 0.99, 95% CI 0.98, 1.01).

Associations of shorter relative telomere length (categorized by the median) with lower
prostate cancer risk tended to be stronger in men who were older (>64 years), smoked more
(>30 pack-years), and reported no family history of prostate cancer (Table 4), but results
were also not statistically significant for any sub-group (Table 4). Only in men with a family
history of prostate cancer did shorter telomeres tend to be associated with increased risk of
prostate cancer, but these findings were also not statistically significant.

Lifestyle-related factors and telomere length in all subjects
Since statistically significant differences in telomere length between prostate cancer cases
and controls were not observed, we evaluated the relationship of lifestyle factors to telomere
length, combining data from cases and controls (Table 2 and Supplemental Tables 1 and 2).
There was no significant correlation between relative telomere length and dietary variables,
alcohol intake, BMI, physical activity, or medical history (including Crohn’s disease,
ulcerative colitis, diabetes, coronary heart disease, high blood pressure, stroke, gonorrhea,
syphilis, HPV, HSV, CMV, HHV, or Chlamydia; data not shown), when these factors were
evaluated individually (Table 2). Telomere length was longer with heavier anti-
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inflammatory drug usage (aspirin and ibuprofen) in cases only (P=0.001) (Supplemental
Table 2).

Although individual lifestyle factors were unrelated to relative telomere length, a sum score
of healthier lifestyle and diet factors, defined as lifestyle 1 (low or no cigarette use, higher
fruit and vegetable intake, lower BMI, and more physical activity) was correlated with
longer telomere length (r = 0.078, P = 0.004, Figure 1). When smoking was removed from
this lifestyle score, the correlation remained statistically significant (r = 0.056, P = 0.038).
Similar but statistically non-significant trends were found with lifestyle 2, groupings of fruit,
vegetable, and fat intake (r = 0.024, P = 0.368) as well as lifestyle 3, β-carotene, vitamin E,
lycopene, and selenium intake (r = 0.039, P = 0.301).

Discussion
This large nested case-control study showed no association between relative telomere length
and risk of aggressive (Gleason ≥ 7) prostate cancer; with 612 cases and 1049 controls, this
study had adequate statistical power (>0.8) to detect an odds ratio of 1.31, with telomere
length considered as a dichotomous variable. Shorter telomeres were correlated in our study
with greater age, consistent with prior studies (Nawrot et al., 2004; Valdes et al., 2005;
Mayer et al., 2006; McGrath et al., 2007; Richards et al., 2007; Aubert & Lansdorp, 2008;
Cherkas et al., 2008; Jang et al., 2008), and greater pack-years smoked, as found in some
(Valdes et al., 2005; Cherkas et al., 2006; Cherkas et al., 2008; O’Donnell et al., 2008;
Vasan et al., 2008; Aviv et al., 2009) but not all studies, several of which may have been too
small to detect that association (Wu et al., 2003; Bischoff et al., 2006; Harris et al., 2006;
McGrath et al., 2007; Risques et al., 2007; Jang et al., 2008; Wang et al., 2008). The small
significant correlation observed between telomere length and smoking is likely only
detectable with larger sample sizes.

Strengths of this study include the large sample size, the collection of blood samples prior to
diagnosis, and the systematic approach to prostate cancer detection in this screening trial for
prostate and other cancers. The prospective collection avoids potential reverse causation bias
whereby the presence of cancer might have impacted leukocyte telomere length. It should be
noted that the use of different methods of telomere length measurement (Q-PCR, Southern
blots, and Q-FISH), different tissue sources (blood or buccal cells), and differences in
sample collection (before or after cancer diagnosis) make direct comparisons between our
results in prostate cancer and studies of other cancers challenging. Studies of intra-individual
peripheral blood leukocyte and buccal cell telomere length years before and after cancer
diagnosis are required to evaluate potential systemic effects that the presence of cancer
could have on telomere stability.

A recent study found a decreasing risk of breast cancer associated with shorter telomeres
(Svenson et al., 2008), similar to our prostate cancer findings. Svenson et al. (2008) also
suggested that shorter blood telomere lengths were associated with a better prognosis in
breast cancer patients. Our study was part of a prospective cohort in a cancer screening trial
and we were unable to evaluate telomere length in relation to prognosis. Future studies of
telomere length as a prognostic factor in prostate and other cancers will be informative.
Comparisons of leukocyte telomere lengths in low and high grade prostate cancer cases, as
well as in pre- and post-diagnostic specimens would be helpful in order to more definitively
show that leukocyte telomere length is not associated with prostate cancer. There do appear
to be tissue-specific differences in telomere length between HGPIN lesions compared to
normal surrounding tissue (Meeker et al., 2002; Joshua et al., 2007). This suggests that
telomere shortening may occur early in the pathogenesis of prostate cancer. It could be
reflective of the intra-prostatic micro-environment since our study did not identify
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significant differences in leukocyte telomere length between prostate cancer cases and
controls.

Several case-control studies have found that peripheral blood leukocyte or buccal cell
telomere length, determined after cancer diagnosis, is shorter in bladder, lung, head and
neck, and renal cancer patients compared with controls (Wu et al., 2003; Broberg et al.,
2005; McGrath et al., 2007; Shao et al., 2007; Jang et al., 2008). In general, these cancers
have diverse underlying carcinogenic pathways. Smoking is a strong risk factor in bladder,
lung, and head and neck cancer whereas it does not appear to be a significant prostate cancer
risk factor, either in the present study or in many others (US Department of Health and
Human Services, 2004; Cox et al., 2006; Kristal et al., 2007; Darlington et al., 2007).
Inflammation may contribute to telomere shortening and play an important role in the
pathogenesis of several cancers, including bladder and lung cancer (reviewed in Coussens &
Werb, 2002; Kundu & Surh, 2008). It may also play a role in prostate cancer (Sutcliffe &
Platz, 2008; Vasto et al., 2008) but our results do not support leukocyte telomere shortening
as a causal pathway.

A family history of prostate cancer is associated with increased prostate cancer risk. Our
data suggested a modest, but not statistically significant, association of shorter telomeres in
individuals with a family history of prostate cancer. Others have found similar, not
statistically significant, associations between short telomeres and family history of breast
cancer in breast cancer cases (Shen et al., 2007). This finding may be partly explained by the
fact that telomere length is an inherited trait. One could also hypothesize that some of the
increased risk conferred by a family history of cancer is related to the presence of shorter
telomeres in those individuals.

It has been suggested by others that leukocyte or buccal cell telomere lengths may be
associated with chronic inflammation (Aikata et al., 2000; Bekaert et al., 2007), diabetes
(Jeanclos et al., 1998; Sampson et al., 2006), hypertension and cardiovascular disease
(Serrano & Andres, 2004; Balasubramanyam et al., 2007; Lung et al., 2008), vitamin D
intake (Richards et al., 2007), socio-economic status (Cherkas et al., 2006), physical activity
(Cherkas et al., 2008), and BMI (Gardner et al., 2005; Valdes et al., 2005; O’Donnell et al.,
2008; Zannolli et al., 2008; Aviv et al., 2009). We evaluated these factors in an effort to
understand their role in telomere shortening. Our results did not support these associations,
showing no correlation between relative telomere length and these factors. However, we did
find significant differences in telomere length with aspirin and ibuprofen drug usage in
cases, which perhaps could reflect a protective role of anti-inflammatory drugs on telomere
length in those with prostate cancer. On the other hand, our data for many of these factors
was limited in scope and focused studies would be needed to definitively evaluate these
relationships.

We found that lifestyle 1, the summary lifestyle score of pack-years smoked, fruit and
vegetable intake, BMI, and physical activity, was related to relative telomere length, a
finding that is consistent with recent reports that healthy lifestyle changes (e.g., improved
diet and increased exercise) were associated with a significant increase in telomerase
activity (Ornish et al., 2008) and longer telomeres (Bekaert et al., 2007). Obesity, smoking,
and fruit and vegetable intake have been related to systemic oxidative stress (Alberg, 2002;
Block et al., 2002; Keaney et al., 2003) which may contribute to telomere shortening.
Telomeres are very sensitive to damage by oxidative stress and telomeric DNA is deficient
in the repair of single-strand breaks induced by oxidative DNA damage (von Zglinicki,
2002; Houben et al., 2008). Based on this, it is possible that the rate of telomere shortening
may vary between individuals with different degrees of exposure to oxidative stress.
Individuals with high levels of oxidative stress caused by smoking which generates reactive
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oxygen species, and diets low in fruits and vegetables which are natural antioxidant sources
may have shorter telomeres, as supported by our data and others (Bekaert et al., 2007).

In summary, this nested case-control study in a prospective cohort showed no association
between relative telomere length in peripheral blood cells and risk of aggressive prostate
cancer. However, healthier lifestyle parameters were related to longer telomere lengths
which may have significance for risk of other diseases.

Experimental procedures
Study population

The PLCO Cancer Screening Trial is an ongoing randomized, community-based controlled
trial in which 154,942 persons ages 55 to 74 were enrolled at 10 screening centers
nationwide between September1993 and July 2001 (Prorok et al., 2000). Participants were
randomly assigned to two study arms: half to undergo cancer screening (intervention group)
and half to continue their normal health care routine (control group). Data on age, race,
education level, height, weight, adult occupation, physical activity level, smoking history,
dietary information (including food items, multivitamins and single-nutrient supplements),
medical history (including use of selected medications), family history of cancer, and
screening history were collected by questionnaire from all subjects at baseline. Participants
provide biologic samples (blood and tissue) for etiologic studies of cancer and answer
annual questionnaires about their cancer status; detailed information about the PLCO
screening tests and eligibility criteria are described elsewhere (Gohagan et al., 2000).
Institutional review boards at the U.S. National Cancer Institute and the 10 screening centers
approved the PLCO protocol, and all participants provided written informed consent.

Case and control subjects for this study were men in the PLCO Trial who were selected for
NCI Cancer Genetic Markers of Susceptibility (CGEMS) study of prostate cancer risk. The
details of the CGEMS study are described elsewhere (Yeager et al., 2007; Ahn et al., 2008).
In brief, men were selected from the screening arm of the trial who (a) were of non-Hispanic
white race/ethnicity; (b) had a prostate cancer screen (PLCO PSA test) prior to October 1,
2003; (c) completed a baseline questionnaire about cancer risk factors; and, (d) provided a
blood sample. CGEMS included 1,200 aggressive (clinical stage III and IV tumors and/or
tumors with Gleason sum ≥ 7) and non-aggressive (clinical stage I and II tumors with
Gleason sum < 7) prostate cancer cases, and controls were matched by age at cohort entry
(5-year intervals), year since initial screen (1-year time window), and fiscal year of cohort
entry, with a case-control ratio of 1:1. Further eligibility criteria for inclusion in our analysis
were (1) age (55–74 years); (2) consented blood sample obtained between one month and
three years prior to diagnosis of prostate cancer; (3) no history of cancer (other than non-
melanoma skin cancer) prior to study entry; and, (4) only aggressive cases with confirmed
prostate cancer and a Gleason score of ≥ 7. The current study consists of 616 CGEMS
aggressive prostate cancer cases with a Gleason score of ≥ 7 (mean age = 64, standard
deviation [SD] 5.09) and 1061 matched male controls (mean age = 64, SD 5.1).

Telomere length measurement
The blood and DNA samples were coded and analyzed by laboratory personnel blinded to
case-control status. Genomic DNA was extracted from buffy coat samples using the QIAmp
(Qiagen, Chatsworth, CA) 96-spin blood protocol. The DNA concentration was quantified
using a Nanodrop SD-1000 spectrophotometer, and subsequently dried down and re-
suspended to ensure accurate and uniform DNA concentrations. Telomere length was
measured by a modified version of the quantitative real time polymerase chain reaction
(PCR)-based assay previously described (Cawthon, 2002; McGrath et al., 2007). In brief,
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the ratio of telomere repeat copy number to single-gene (β-globin, 36B4) copy number (T/S)
was determined using an Applied Biosystems 7900HT thermocycler in a 384-well format.
Five nanograms of genomic DNA was dried down and then re-suspended in 10 μL of either
the telomere or 36B4 PCR reaction mixture for 2 hours at 4°C. The telomere reaction
mixture contained 1Χ Qiagen Quantitect Sybr Green Master Mix, 2.5 mM of DTT, 270 nM
of Tel-1b primer (GGTTTTTGAGGGTGAGGGTGAGGGTGAGGGTGAGGGT), and 900
nM of Tel-2b primer (TCCCGACTATCCCTATCCCTATCCCTATCCCTATCCCTA). The
PCR reaction ran for 1 cycle at 95°C for 5 minutes, followed by 40 cycles at 95°C for 15
seconds, and 54°C for 2 minutes. The 36B4 reaction mixture consisted of 1Χ Qiagen
Quantitect Sybr Green Master Mix, 300 nM of 36B4U primer
(CAGCAAGTGGGAAGGTGTAATCC), and 500 nM of 36B4D primer
(CCCATTCTATCATCAACGGGTACAA). The 36B4 PCR reaction ran for 1 cycle at 95°C
for 5 minutes, followed by 40 cycles at 95°C for 15 seconds, and 58°C for 1 minute 10
seconds.

All samples for both the telomere and single-copy gene reactions were performed in
triplicate, and the threshold value for both reactions was set to 0.5. In addition, each 384-
well plate included an 8-point standard curve from 1.25 to 50 ng using pooled buffy-coat
derived genomic DNA. The standard curve is used to assess and compensate for interpolated
variations in PCR efficiency. The slope of the standard curve was −3.2 for both the telomere
and 36B4 reactions, and the linear correlation coefficient value for both reactions were 0.98
and 0.99, respectively. Forty-six blind replicate samples were interspersed with the samples
to assess inter-plate and intra-plate variability of threshold cycle (Ct) values. The relative
average telomere length was calculated as the ratio of telomere repeat copy number to
single-gene copy number (T/S) in the study subjects compared with that of a reference DNA
sample. It was derived from exponentiating the T/S ratio (−dCt) between the average
telomere Ct and average 36B4 Ct values. The coefficients of variation (CV) within
triplicates of the telomere and single-gene assay were 1.11% and 0.77%, respectively, and
the inter-assay CVs were 5.6% and 2.6%, respectively.

Statistical analyses
The final sample size was 612 cases and 1049 controls, after removal of failed Q-PCR
reactions or samples with T/S values greater than two standard deviations from the mean.
Telomere length was analyzed as a continuous and as a categorical variable. The Wilcoxon
rank-sum test was used to compare telomere length among case and controls as a continuous
variable. Conditional logistic regression was used to obtain the odds ratio (OR) and 95%
confidence intervals (CI) for the strength of the association between telomere length and risk
of prostate cancer, conditioning on the matching factors (age, fiscal year of cohort entry, and
time since initial screen) and adjusting for smoking status. Telomere length was considered
as a categorical variable, in quartiles according to its distribution in control subjects, with
the highest quartile as the referent. Explorations were also carried out for telomere length
dichotomized at the median value, based on the distribution in control subjects. Tests for
trend were conducted by including telomere length as a continuous variable in the
conditional logistic regression model.

Spearman rank correlations and general linear models (GLM) were used to investigate
associations between telomere length and age, pack-years of smoking, anti-inflammatory
drug usage (aspirin and ibuprofen), alcohol intake (g/day), body mass index (BMI in kg/m2),
medical history [if have/had Crohn’s disease, ulcerative colitis, diabetes, coronary heart
disease, high blood pressure, stroke, sexually transmitted diseases (gonorrhea, syphilis,
HPV, HSV, CMV, HHV, or Chlamydia)], physical activity (hrs/week), education (years of
high school and/or college), marital status (married, unmarried, or widowed/divorced/
separated), dietary fat (total, monounsaturated, polyunsaturated, and saturated fatty acids in
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g/day), dietary fruit (pyramid servings/day), dietary vegetables (pyramid servings/day),
dietary and supplemented β-carotene (μg/day), dietary and supplemented vitamin E (i.u./
day), dietary lycopene (μg/day), circulating vitamin D (serum 25-hydroxyvitamin D
[25(OH)D] levels, nmol/L), and dietary selenium (μg/day). GLMs contained telomere length
as the dependent variable, and were adjusted for age and pack-years smoked. A family
history of prostate cancer is defined as a first-degree relative (father, brother, son) with
prostate cancer. All variables that were not categorical were categorized; specifically,
dietary variables and BMI values were grouped into quartiles, smoking pack-years into
tertiles (0, 0.1–30, >30), and age into quartiles (≤59, 60–64, 65–69, 70–74) and also
dichotomized at the 50% level (≤64, >64). Statistical significance refers to a P ≤ 0.05 or a
95% CI for the OR that excludes 1.0.

Lifestyle and diet sum scores were created to evaluate these effects on telomere length.
Individual variables (pack-years smoked, BMI, physical activity, fruit, vegetable, fat, β-
carotene, vitamin E, lycopene, and selenium intake) were first categorized into four groups
or quartiles. All variables were categorized such that the highest score pertains to the
healthiest group, e.g., nonsmokers, the 1st quartile (lowest) BMI, the 4th quartile (highest)
physical activity. The sum of these scores was then considered the lifestyle and diet score,
with a higher score indicating a healthier lifestyle or diet, using an approach modified from
Bekaert et al. (2007). These scores were categorized into quartiles and tertiles, and
Spearman rank correlations were used to investigate their associations with telomere length.
Lifestyle 1 included the following variables: pack-years smoked, fruit and vegetable intake,
BMI, and physical activity; lifestyle 2 included fruit, vegetable, and fat intake; and, lifestyle
3: β-carotene, vitamin E, lycopene, and selenium intake. All tests were two-sided. Statistical
significance refers to a P ≤ 0.05 or a 95% CI for the OR that excludes 1.0. All analyses were
carried out using SAS software version 9.1 (SAS Institute, Cary, NC).

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Mean relative telomere length for lifestyle scores in tertiles for all subjects combined (n =
1661). Total sample sizes vary for each lifestyle due to missing information for one or more
of the selected variables (only persons with information for all of the combined variables
were included in the analysis). T1 = tertile 1; T2 = tertile 2; T3 = tertile 3. Lifestyle 1
includes the following variables: pack-years smoked, fruit and vegetable intake, BMI, and
physical activity; lifestyle 2: fruit, vegetable, and fat intake; and, lifestyle 3: β-carotene,
vitamin E, lycopene, and selenium intake. See the Methods section for an explanation of the
lifestyle score determination. Error bars show the standard error of each mean estimate. A
regression line, slope, sample size (n), and Spearman rank correlation coefficients (r) are
shown for each lifestyle after adjustment for age and/or pack-years smoked (lifestyle 1 was
only adjusted for age).
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Table 1

Distribution of select study subjects’ characteristics.

Controls Patients

Variables No. (%) Relative LTL† No. (%) Relative LTL†

Overall 1049 (63.2) 15.45 612 (36.8) 15.49

Age

 ≤64 539 (51.4) 19.76 313 (51.1) 19.33

 >64 510 (48.6) 10.76 299 (48.9) 10.98

Smoking pack-year tertiles

 0 300 (31.9) 16.26 202 (37.3) 15.58

 0.1–30 355 (37.8) 15.69 210 (38.8) 15.18

 >30 285 (30.3) 14.92 129 (23.8) 15.33

Family history of cancer

 none 478 (45.6) 15.22 275 (44.9) 15.64

 any cancer 508 (48.5) 15.63 263 (43.0) 15.19

 Father PC 38 (3.6) 18.27 46 (7.5) 14.08

 Brother PC 23 (2.2) 16.12 26 (4.2) 16.17

 Father and brother PC 1 (0.1) 14.99 2 (0.3) 12.87

PC = prostate cancer;

†
leukocyte telomere length adjusted for age (all variables except age).
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Table 2

Correlations with relative telomere length in all subjects combined (n = 1661).

Variables r‡ (P value)

Age −0.477 (<0.0001)

Pack-years of smoking −0.072 (0.004)

BMI (kg/m2) 0.016 (0.517)

Alcohol intake (g/day) 0.006 (0.799)

Saturated fat (g/day) −0.008 (0.770)

Lycopene (μg/day) 0.010 (0.696)

Vitamin E (i.u./day) 0.002 (0.427)

B-carotene (μg/day) 0.007 (0.784)

Selenium (μg/day) 0.047 (0.202)

Vitamin D (nmol/L) −0.015 (0.773)

Vegetable (servings/day) 0.028 (0.278)

Fruit (servings/day) 0.019 (0.443)

Physical activity (hrs/wk) 0.029 (0.262)

Education 0.034 (0.171)

Marital status −0.022 (0.384)

Aspirin usage (pill/month) −0.001 (0.955)

Ibuprofen usage (pills/month) −0.014 (0.572)

Aspirin and Ibuprofen usage −0.018 (0.474)

r = Spearman rank correlation coefficient;

‡
adjusted for age and/or smoking pack-years (age was only adjusted for smoking pack-years, and pack-years of smoking only adjusted for age).
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Table 3

Relative risk of prostate cancer associated with relative telomere length.

Telomere status Controls n (%) Patients n (%) OR†(95% CI) P value

Categorized by quartile

 4th quartile 253 (24.1) 144 (23.5) 1.00 (ref)

 3rd quartile 253 (24.1) 177 (28.9) 1.28 (1.00, 1.58)

 2nd quartile 251 (23.9) 149 (24.4) 0.97 (0.81, 1.15)

 1st quartile 292 (27.8) 142 (23.2) 0.81 (0.64, 1.02) 0.341‡

Categorized by median

 Long 506 (48.2) 321 (52.4) 1.0 (ref)

 Short 543 (51.8) 291 (47.6) 0.85 (0.67, 1.08) 0.179

ref = referent group;

†
from logistic regression models conditioning on age, fiscal year of cohort entry, and time since initial screen, adjusting for pack-years of smoking;

‡
Ptrend.
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