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Objectives: To assess the relationship between telomere length and adiposity, using dual-energy X-ray absorptiom-
etry (DXA) and magnetic resonance imaging (MRI), in addition to conventional anthropometric proxies including body
mass index (BMI) and cardiovascular disease risk factors.
Methods: A cross-sectional sample of 309 non-Hispanic white participants in the Fels Longitudinal Study aged 8 to

80 yr (52% female) was included. Average telomere length was measured by quantitative PCR.
Results: Telomere length was negatively correlated with age (r 5 20.32, P < 0.0001) and had numerous significant

correlations with established cardiovascular disease risk factors including waist circumference (r 5 20.33), apolipopro-
tein B (r 5 20.26), systolic blood pressure (r 5 20.28), and fasting serum glucose (r 5 20.15); all P < 0.0025. In back-
ward selection linear regression models of telomere length, adiposity measures were consistently retained in the best
models; BMI, waist circumference, hip circumference, total body fat, and visceral adipose tissue volume were all inver-
sely associated with telomere length at the nominal P < 0.05 level or lower, independent of age, sex, systolic blood pres-
sure, and fasting serum lipid, lipoprotein, and glucose concentrations. The negative association of BMI with telomere
length was stronger among younger than older participants (P for interaction, 0.03).
Conclusions: Individuals with higher total and abdominal adiposity have lower telomere length, a marker of cellu-

lar senescence, suggesting obesity may hasten the aging process. Longitudinal studies are required to establish the
causal association of early life adiposity with biological aging. Am. J. Hum. Biol. 23:100–106, 2011. ' 2010 Wiley-Liss, Inc.

Telomeres are noncoding repeat sequences at the ends
of chromosomes [50-(TTAGGG)n230] that function to stabi-
lize the chromosome during mitosis, prevent aberrant
recombination, and protect the chromosomes from end-
degrading enzymes (Moyzis et al., 1988). In somatic cells,
telomere repeats are lost at each cell division due to the
inability of DNA polymerase to fully replicate chromosome
ends (Levy et al., 1992; Olovnikov, 1973), leading to
declines in telomere length with age. When telomere
length reaches a critically short length in one or more
chromosomes (the ‘‘Hayflick limit’’), the cell is signaled to
arrest replication and becomes senescent, with eventual
apoptosis (Di Leonardo et al., 1994). Thus, telomere attri-
tion is a fundamental aspect of senescence at the cellular
level.
Telomere length varies greatly between individuals at

birth, partially reflecting their inherited genetic potential
related to replicative senescence (Andrew et al., 2006; Nja-
jou et al., 2007; Okuda et al., 2002). The telomere attrition
is also dependent on aging-related exposure to physiologi-
cal and pathophysiological environments (Aviv, 2008;
Epel, 2009). Oxidative stress and inflammation are major
contributors to aging and aging related chronic diseases
such as cardiovascular disease, and also play important
roles in accelerated telomere attrition (Herbert et al.,
2008; Minamino et al., 2009). Thus, the key premise of
telomere length and attrition as a biomarker of human
aging and related disease is that they reflect the cumula-
tive burden of oxidative stress and inflammation occur-
ring over the life course.
At the epidemiologic level, telomere length and attrition

may be a useful biomarker to examine aging related pro-
cess and diseases. Individuals with shorter leukocyte telo-

mere length tend to have greater incidence of all-cause
(Cawthon et al., 2003) and cardiovascular disease-specific
mortality (Benetos et al., 2001; Jeanclos et al., 2000) and
greater risk of age-related diseases including atheroscle-
rosis (O’Donnell et al., 2008; Samani et al., 2001), coro-
nary artery disease (Brouilette et al., 2003, 2007, 2008;
Fitzpatrick et al., 2007), dementia (Martin-Ruiz et al.,
2006; von Zglinicki et al., 2000), and certain cancers
(McGrath et al., 2007; Risques et al., 2007; Wu et al.,
2003). Given the role of adiposity, particularly abdominal
adiposity, in the development of insulin resistance and
chronic diseases (Banerji et al., 1997; Despres and
Lemieux 2006; Festa et al., 2000), the documented
changes in adiposity level over the life-course (Cameron
and Demerath, 2002; Jorgensen et al., 1997) and the rela-
tionship of declines in muscle mass with senescence and
frailty (Miller and Wolfe, 2008), individuals with greater
total and abdominal adiposity and lower lean body mass
would be expected to exhibit shorter telomeres (Kim et al.,
2009). However, no published studies to date have focused
on the role of total body and abdominal adiposity in telo-
mere attrition; they have relied almost exclusively on BMI
or other indirect anthropometric measures.
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The aim of this study was to test the cross-sectional
association of telomere length with both total and abdomi-
nal body composition measures in healthy adults and chil-
dren. Because the relationship of adiposity to health
changes with age, we secondarily hypothesized that these
associations would differ between younger and older
individuals.

METHODS

Sample

The Fels Longitudinal Study is a study of normative
growth and aging in approximately 1,000 healthy children
and adults in the greater Dayton, Ohio area (Roche,
1992). This cross-sectional analysis focused on an initial
subset of 345 subjects aged 8 to 90 yr (including 66 chil-
dren, aged �18 yr), who visited the center during 2002–
2004 and who were randomly selected to participate in a
pilot study examining the association of telomere length
with cardiovascular disease risk factors (including lipids,
lipoproteins, blood pressure, physical activity level, and
body composition). There were no significant differences
between this subset and the entire cohort in body mass
index (BMI), waist circumference, or other body composi-
tion measures.

Measurements

Anthropometrics included weight, stature, and waist
and hip circumferences using standard protocols and
methods (Lohman et al., 1988). Total body fat and fat-free
mass were measured using dual energy X-ray absorptiom-
etry (DXA) from a Hologic QDR 4500 Elite densitometer
(Hologic, Bedford, MA). In a subset of 177 subjects, multi-
ple image magnetic resonance imaging (MRI) of the abdo-
men was conducted to assess total visceral and abdominal
subcutaneous adipose tissue volumes (VAT and SAT,
respectively), as previously described (Demerath et al.,
2007). The group with MRI data were younger, had lower
BMI, lower telomere length, and lower waist circumfer-
ence than those without MRI data. Triplicate measure-
ments of systolic blood pressure (SBP) and fifth phase dia-
stolic blood pressure (DBP) were taken when the patient
was seated and at rest. Pulse pressure was calculated as
the difference between SBP and DBP. Fasting plasma con-
centrations of triglycerides, total cholesterol, high-density
lipoprotein cholesterol (HDL-C) and low-density lipopro-
tein cholesterol (LDL-C) were measured following stand-
ard protocols. The levels of apolipoprotein B levels in
plasma were determined by immunoturbidimetric assay
(Behring-Nephelometer-100, Medical Research Laborato-
ries International, Inc., Cincinnati, OH). Homeostasis
model assessment insulin resistance (HOMA-IR) index
was calculated by the formula: HOMA-index 5 fasting se-
rum blood glucose (mg/dl) 3 immunoreactive insulin (lU/
ml)/405 (Matthews et al., 1985).

Obesity was defined as age and sex matched BMI at or
above the 95th percentile in children (aged �18 yr) and
BMI at or above 30 in adults. Physical activity levels were
self-reported using the Baecke Habitual Physical Activity
questionnaire (Baecke et al., 1982). Cigarette smoking
(coded as current vs. former/never) and alcohol consump-
tion (coded as current vs. former/never) were also assessed
by self-reported questionnaire. Current alcohol consump-
tion was defined as 12 oz. beer, 4 oz. wine, or 1 oz. hard liq-

uor once or more weekly. College graduates among adults
were those who reported completing a college or 4-yr tech-
nical school degree or beyond.

Telomere length

Telomere length was measured using DNA extracted
from frozen (2808C) buffycoat samples collected for that
purpose and stored for less than 1 yr. Even though there
exists great interindividual variation in telomere length
at birth, literature suggests that telomere length attrition
is less tissue-specific and the measurement of telomere
length in peripheral blood leukocytes may accurately
reflect systemic telomere length and aging (Okuda et al.,
2002; Proctor and Kirkwood, 2002; Takubo et al., 2002).
DNA sample integrity was evaluated by gel electrophore-
sis; samples that suggested DNA degradation (N 5 10)
were excluded from the study. Using a real-time quantita-
tive polymerase chain reaction (qPCR) method, as
described by Cawthon (2002), concentrations of telomere
repeat copy number (T) and single-copy gene (36B4, acidic
ribosomal phosphoprotein P0) copy number (S) were
measured. Three replicate reactions were conducted for
each sample and the mean T and S copy number was
determined. We then standardized individual T and S
copy numbers to a single reference DNA sample (pooled
from all samples in the study) and then normalized T to S
by taking the ratio (T/S ratio) for each sample. This proce-
dure was done twice (two complete experiments), approxi-
mately one week apart, and the mean of the two T/S ratios
was used for the analysis. The T/S ratio indicates the av-
erage telomere length in peripheral leukocytes and a
lower T/S ratio suggests shorter telomere length. Of the
335 samples run, 15 samples did not amplify and 11 sam-
ples had outlying values for one of the duplicate measures
(T/S ratio <0.02 or >2.0), leaving a final sample of 309 for
analysis. The qPCR method has been validated against
the more common Southern blot method for assessing ter-
minal restriction fragment length (Cawthon, 2002; Caw-
thon et al., 2003). In this study, the intraclass correlation
between the two repeated measures was 0.90 (P < 0.0001)
and the coefficient of variation (CV) was 10.1%.

Statistical analysis

Raw and age-adjusted (partial) Pearson correlation
coefficients were calculated between T/S ratio and adipos-
ity and cardiovascular disease risk factors for continuous
variables, and analysis of variance (ANOVA) analysis was
used to examine differences between educational status,
tobacco use, and alcohol use groups. Backward multiple
linear regression analysis was used to examine the associ-
ation of body composition measures (BMI, waist circum-
ference, hip circumference, waist-hip ratio, total body fat,
fat free mass, VAT, and SAT) with T/S ratio. All initial
models for backward regression modeling included an adi-
posity variable (e.g., BMI), age and all factors identified in
the bivariate correlation analysis as having significant
association with T/S ratio (e.g., total cholesterol/HDL-C
ratio). An interaction term examining effect modification
by age was also tested in each model (adiposity 3 age
group), where age group was defined as <30 yr, 30–60 yr,
or >60 yr. The best model for each adiposity measure was
chosen by maximizing R2 while minimizing Mallows’ C(P)
statistic as a measure of the goodness of fit for a selected
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model (which should be less than the number of parame-
ters in the model) (Kleinbaum et al., 1988). All variables
with P value less than 0.10 were retained in the best
model. Only significant variables from the best model for
each individual adiposity variable were presented as
‘‘final model estimates.’’
Given the multiple tests (seven models with different

body composition measures), we used a Bonferonni correc-
tion of 0.05/7 to obtain critical a 5 0.007. At a 5 0.007,
our sample size of � 300 individuals provided statistical
power >80% to detect a bivariate correlation as low as r 5
0.20, and an R2 as low as 0.04 attributable to an independ-
ent variable (i.e., BMI), adjusting for an additional four
covariates which together explain 10% of the trait var-
iance in multiple linear regression models (Cohen, 1988).
All analyses were performed using SAS, version 9.1.3.

Review of the literature

Finally, we conducted a three-stage review of the litera-
ture. The search included: (1) PubMed and Medline elec-
tronic databases using the search terms ‘‘telomere length’’
with ‘‘obesity,’’ ‘‘adiposity,’’ ‘‘overweight,’’ ‘‘BMI,’’ or ‘‘cardi-
ovascular disease’’ for dates spanning from 1950 to De-
cember 2008; (2) articles obtained from personal archives
and reference lists; and (3) all relevant references from
retrieved papers. We examined these documents to find
estimates of the association between telomere length and
any adiposity traits in humans. Of the 79 articles origi-

nally retrieved, 24 studies reported testing the association
of telomere length and adiposity, and 13 of these had >100
subjects, which we set as conservative minimum thresh-
olds for sample size and the age range (� 20 yr) to
have sufficient statistical power to detect the association
in question as previously suggested (Aviv et al., 2006;
Nordfjall et al., 2008).

RESULTS

Characteristics of the study sample (means and stand-
ard deviations for study variables) and correlations
between T/S ratio and other study variables are presented
in Table 1. As expected, chronological age was inversely
correlated with T/S ratio (r 5 20.319, P < 0.0001). How-
ever, mean T/S ratio did not differ by sex (0.95 6 0.30 in
males and 0.95 6 0.29 in females; P 5 0.78), and so all
subsequent analyses were conducted with sexes com-
bined. Once adjusted for the effect of age, only body com-
position and lipid, lipoprotein, and glucose concentrations
remained significantly associated with T/S ratio. The
strongest of these was waist circumference (unadjusted r
5 20.333, P < 0.0001; age-adjusted r 5 20.238, P <
0.0001). The total cholesterol/HDL-C ratio, log of triglycer-
ides and apolipoprotein B were also negatively correlated
with telomere lengths (all P < 0.01 age-adjusted). There
was no association between T/S ratio and fat free mass,
current alcohol or tobacco use, educational attainment, or

TABLE 1. Adiposity and cardiovascular disease risk factor levels, and their associations with T/S ratio

Variable N Mean SD Range
Pearson r,
unadjusted

Pearson r,
age-adj.

Age (yr) 309 39.7 19.8 18.0–80.0 20.319*** –
Weight (kg) 309 73.5 20.3 22.0–142.0 20.271*** 20.185*

Height (cm) 309 169.2 12.5 122.0–198.0 20.101 20.053
BMI (kg/m2) 309 26.4 5.1 12.0–46.0 20.315*** 20.227***

BMI percentilea 52 50.4 31.4 0.1–99.5 20.213 –
Total body fat (kg) 294 20.7 9.9 3.7–54.2 20.262*** 20.155*

Fat free mass (kg) 294 51.9 13.1 18.5–86.6 20.160* 20.105
Waist circumference (cm) 309 91.2 16.4 53.4–139.5 20.333*** 20.238**

Hip circumference (cm) 309 102.2 12.6 62.7–136.9 20.297*** 20.191**

Waist to hip ratio 309 0.9 0.1 0.7–1.2 20.255*** 20.168**

VAT (l) 177 2.3 2.0 0.1–10.5 20.228** 20.164*

SAT (l) 177 4.44 2.9 0.4–15.8 20.238** 20.209**

Total cholesterol (mg/dl) 300 187.6 36.8 110.0–333.0 20.201** 20.097
HDL-C (mg/dl) 300 51.3 13.5 27.0–107.0 0.074 0.123*

Total cholesterol/HDL-C ratio 300 3.9 1.2 1.8–7.9 20.221** 20.178**

Apolipoprotein B (mg/dl) 300 101.2 25.3 42.0–252.0 20.262** 20.190**

Log triglycerides (mg/dl) 309 4.75 0.6 2.9–6.9 20.224*** 20.162**

SBP (mm Hg) 306 116.3 18.0 74.0–200.0 20.283** 20.143
DBP (mm Hg) 304 71.1 11.1 37.0–118.0 20.160** 20.059
Pulse pressure (mm Hg) 304 45.4 13.6 20.0–104.0 20.242*** 20.113
Log insulin (lIU/ml) 299 1.94 0.7 0.1–3.8 20.027 0.004
Serum glucose (mg/dl) 309 92.2 16.7 59.0–287.0 20.148** 20.034
Current alcohol use (yes, %)b 303 20.1% – – b 5 0.01 b 5 0.01
Current tobacco use (yes, %)b 284 48.9% – – b 5 20.05 b 5 20.06
College/university degree (yes, %, among adults)b 258 49.2% – – b 5 0.03 b 5 0.04
HOMA-IR index 299 2.1 2.0 0.2–14.0 20.061 20.008
Sports activity index 307 2.4 0.7 1.0–4.5 0.111 20.008
T/S ratio (relative telomere length) 309 0.95 0.3 0.26–1.89 – –

*P < 0.05,
**P < 0.0025,
***P < 0.0001.
aPercentile based on CDC US 2000 growth charts, age � 18 yr (N5 52).
bFor categorical variables (current alcohol use, current tobacco use, college/university degree), the estimate of their unadjusted and age-adjusted effects on T/S ratio
are from ANOVA (standardized b coefficient), where the referent is the group stating ‘‘no.’’
BMI, body mass index; VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue; HDL-C, high density lipoprotein cholesterol; SBP, systolic blood pressure; DBP,
diastolic blood pressure; HOMA-IR index, Homeostasis model assessment insulin resistance index.
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sports activity score either before, or after, adjusting for
age.

Multivariate models identifying significant independent
predictors of T/S ratio are shown in Table 2. There was no
significant relationship between fat free mass and T/S ra-
tio in the multivariate model (data not shown). All adipos-
ity measures other than waist to hip ratio and SAT were
significantly negatively associated with T/S ratio at the
nominal P < 0.05 level, independent of age and apolipo-
protein B and glucose concentrations. Using the more
stringent P < 0.007 level considering multiple compari-
sons, only BMI, waist circumference, and hip circumfer-
ence were significant. An interaction term for age 3 BMI
was nominally significant (P 5 0.04), and a similar trend
toward age interaction was seen for age 3 waist circum-
ference (P 5 0.08, not shown). This interaction is illus-
trated graphically in Figure 1, showing that the relation-
ship between T/S ratio and adiposity was stronger in
younger than older participants. In the youngest age
group (n 5 114, age < 30 yr), obese subjects had signifi-
cantly lower T/S ratio than normal weight subjects (P 5
0.005), whereas in the oldest age group (n 5 61, age > 60
yr), T/S ratio did not differ by BMI status (P 5 0.66).

DISCUSSION

This study is the first to examine the association of
telomere length with total body adiposity and visceral and
subcutaneous abdominal adipose tissue. Significant
inverse associations were found between telomere length
and BMI, waist circumference, and hip circumference (P
< 0.007) in this sample of healthy children and adults, in-
dependent of sex, age, fasting glucose, insulin, lipid and
lipoprotein concentrations, habitual physical activity,
smoking status, and other cardiometabolic risk factors. A
similar inverse relationship (P < 0.05) for total and vis-
ceral adiposity (total body fat and VAT) was found while
there was no significant relationship between lean mass
and telomere length. We found that not only BMI or waist
circumference measured using anthropometry, but also
adipose tissue quantity measured using more sophisti-
cated body composition techniques such as DXA and MRI
was associated with shorter telomere length. Even consid-
ering the limitation of DXA measurement such as weight
limitation and the small number of participants (n 5 177)
with MRI data in the present study, it is likely that adi-
posity, but not lean mass, is adversely related to telomere
length and attrition.
We also found that an atherogenic lipid and lipoprotein

pattern (i.e., higher total cholesterol/HDL-C ratio and
apolipoprotein B concentration) was independently nega-
tively associated with telomere length. This supports pre-
vious findings regarding reduced telomere length in ather-
osclerosis (O’Donnell et al., 2008; Okuda et al., 2000;
Samani et al., 2001). Higher levels of apolipoprotein B are
linked to atherosclerosis and increased oxidative stress
(Di Angelantonio et al., 2009; Pan et al., 2004). We did not
find significant effects of selected behavioral factors on
telomere length as has been reported in some studies (e.g.,
cigarette smoking (Valdes et al., 2005), physical activity
(Cherkas et al., 2008), and socioeconomic status (Cherkas
et al., 2006)).
Accumulated exposure to oxidative stress and inflam-

matory process have been linked to accelerated telomere

TABLE 2. Backwards selection linear regression analysis of T/S ratio
on individual adiposity measures: Final model estimatesa

b coefficient (SE) P

BMI (model R2 5 0.176)
Intercept 1.765 (0.151) <0.0001
Chronological age 20.010 (0.004) 0.004
BMI 20.021 (0.006) 0.001
Age3 BMI 0.0003 (0.0001) 0.040
Apolipoprotein B 20.029 (0.015) 0.011

Waist circumference (model R2 5 0.170)
Intercept 1.634 (0.105) <0.0001
Chronological age 20.003 (0.0009) 0.001
Waist circumference 20.004 (0.001) 0.001
Apolipoprotein B 20.002 (0.0007) 0.004
Glucose group (�100 vs. <100) 20.090 (0.044) 0.041

Hip circumference (model R2 5 0.155)
Intercept 1.666 (0.140) <0.0001
Chronological age 20.003 (0.0009) 0.001
Hip circumference 20.004 (0.001) 0.007
Apolipoprotein B 20.002 (0.0007) 0.004

Total body fat (model R2 5 0.145)
Intercept 1.356 (0.071) <0.0001
Chronological age 20.003 (0.0009) 0.0002
Total body fat 20.004 (0.002) 0.045
Apolipoprotein B 20.002 (0.0007) 0.009

Waist to hip ratio (model R2 5 0.156)
Intercept 1.827 (0.190) <0.0001
Chronological age 20.004 (0.0009) <0.0001
Waist to hip ratio 20.592 (0.228) 0.098
Apolipoprotein B 20.002 (0.0007) 0.004
Glucose group (�100 vs. <100) 20.096 (0.046) 0.036

VAT (model R2 5 0.115)
Intercept 1.385 (0.193) <0.0001
Log VAT 20.059 (0.025) 0.021
Log triglycerides 20.088 (0.041) 0.033

SAT (model R2 5 0.085)
Intercept 1.252 (0.082) <0.0001
Chronological age 20.002 (0.001) 0.048
SAT 20.0015 (0.0008) 0.055
Total cholesterol/HDL-C ratio 20.038 (0.018) 0.040

aThe final estimates (b coefficient and standard error) of significant variables are
from backward selection regression models including initially adiposity varia-
bles, age, interaction between adiposity variable and age, total cholesterol/HDL-
C ratio, HDL-C, log transformed triglycerides, apolipoprotein B, SBP, and a cate-
gorized variable for glucose level.
BMI, body mass index; VAT, visceral adipose tissue; SAT, subcutaneous adipose
tissue; HDL-C, high density lipoprotein cholesterol.

Fig. 1. Telomere length by age and weight status: interaction effect.
Interaction between weight status and age on T/S ratio (P 5 0.04). P
values refer to post hoc Tukey-Kramer tests comparing least square
means between weight status groups within age group.
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attrition and ‘‘stress-induced premature senescence’’ (Her-
bert et al., 2008; Houben et al., 2008; Minamino et al.,
2009; Toussaint et al., 2000). Obesity is regarded as a cru-
cial factor in the regulation of adipose tissue aging and
further metabolic outcomes such as increased proinflam-
matory cytokines, insulin resistance, and further diabetes
and cardiovascular disease (Despres and Lemieux, 2006;
Minamino et al., 2009; Trayhurn and Wood 2004). For
example, researchers found that the p53 pathway in adi-
pose tissue, which is key in the aging process of adipose
tissue and increased inflammation, may play an impor-
tant role in relation to obesity and obesity-mediated aging
(Minamino et al., 2009). In the same vein, a recent in vitro
study showed that telomere length measured from
subcutaneous adipocytes in formerly obese patients
was significantly lower than in never-obese patients
(Moreno-Navarrete et al., 2010). This relationship may be
partially responsible for the observed inverse association
with telomere length, as oxidative stress is thought
to accelerate telomere attrition (Houben et al., 2008), but
the deleterious effect of adiposity on telomere length could
be mediated by multiple different mechanisms (Epel,
2009).
As noted by Nordfjäll et al. (2008), the literature on the

relationship of telomere length to adiposity is mixed.
Including our study, 5 of 13 studies reviewed reported sig-
nificant negative relationships between adiposity meas-
ures and telomere length (Fitzpatrick et al., 2007; Nordf-
jall et al., 2008; O’Donnell et al., 2008; Valdes et al., 2005),
while 8 did not (Bekaert et al., 2007; Benetos et al., 2001;
Bischoff et al., 2006; Brouilette et al., 2007, 2008;
McGrath et al., 2007; Nettleton et al., 2008; Risques et al.,
2007; Valdes et al., 2005). Our review did not find evidence
that inconsistent results in literature are due to measure-
ment methods (qPCR vs. southern blot) of telomere length
or sample characteristics in the study.
One of the negative studies (Epel et al., 2006), however,

did find a significant inverse association between adipos-
ity and telomerase activity, a regulator of telomere length.
Furthermore, among smaller studies not included in our
review, there were suggestive findings of a negative asso-
ciation of serial BMI changes with telomere length in
young adults in the Bogalusa Heart Study (Gardner et al.,
2005) and with BMI in a study of Italian adults (Zannolli
et al., 2008). No clear differences in sample size, method of
telomere length assessment, or proportion of subjects that
were male or female emerged between studies that did, or
did not, report significant relationships between telomere
length and adiposity. We did note that no case–control
study found significant relationships, which may reflect
the problem of detecting low to moderate level associa-
tions typically seen between telomere length and other
risk factors using a categorical approach (obese/not obese;
cancer case/control). This may also suggest insufficient
statistical power resulting from the reduced variation in
adiposity and telomere length, observed in matched case–
control designs.
The structure and function of adipose tissue changes

with age (Wehrli et al., 2007; Zafon, 2007), which may
reflect changes in the genetic control of different adipocyte
lineages across the lifespan (Gesta et al., 2007). It would
be expected, therefore, that the relationships between adi-
posity and health will also change with age. In this
regard, the association between BMI and telomere
length differed in younger versus older individuals in

the present study, as was also found in the Cardiovas-
cular Health Study (Fitzpatrick et al., 2007). Specifi-
cally, we found that the mean telomere length of obese
subjects <30 yr of age was similar to that subjects >60
yr of age. Accumulated damages due to inflammatory
and oxidative stress resulting from obesity or other
unfavorable risk factors, such as smoking, over the life
course may be greater in the elderly. Given increased
prevalence of childhood obesity in recent years (Ogden
et al., 2008), the elderly included in our analysis likely
had lower lifetime exposure to obesity and its related
risk factors. While it has been suggested that inclusion
of a wide age range in studies of telomere dysfunction
is helpful (Aviv, 2008), a cross sectional study with par-
ticipants having wide age range, like ours, is subject to
bias by including survivors in the elderly. It is possible
that older healthy individuals in our study are different
from individuals who are likely to suffer from chronic
diseases and environmental hardships at younger ages.
In addition, these older ‘‘survivors" with longer telo-
meres than expected in the general population may
have had lower exposure to aging-associated chronic
disease risks. This bias would result in diminished asso-
ciation between telomere length and age.
In a recent review of the epidemiology of telomeres,

Aviv (2008) made the important point that the claims
and counterclaims about associations between telomere
length and indices of aging and longevity are often
based on cross-sectional findings based on relatively
small samples and therefore without sufficient statistical
power to assess these associations (Aviv, 2008). For that
reason, we limited our formal review of the literature to
those with >100 subjects and reasonable age range
studied and examined the presence or absence of signifi-
cant telomere length-adiposity associations with regard
to the number of subjects in each study. Our study was
powered to detect linear correlation as low as r 5 0.18–
0.22, below which we would argue associations are of
relatively low clinical significance. A second cautionary
note raised in that review concerned the use of the
qPCR method. It is not clear that the qPCR method is
less reliable than the Southern blot method, but the rel-
atively high CV% (10%) in the present study, while simi-
lar to that found by others (e.g., Risques et al., 2007)
(interassay CV 5 7%), does caution that future studies
of telomere length must design their studies accounting
for the expected reliability of the method used, particu-
larly given the moderate level of correlation with other
risk factors (r < 0.3) reported thus far (Nordfjall et al.,
2008). Our study finding suggests that the deleterious
consequences of obesity on mechanisms of aging and
telomere dysfunction may be particularly important in
children and young adults.
In conclusion, telomere length was lower in adults who

had greater total and abdominal adiposity, independent of
other established cardiometabolic risk factors. This find-
ing, combined with the independent effects of apolipopro-
tein B, which is firmly associated with systemic inflamma-
tion and atherosclerosis, supports a role of oxidative stress
and inflammation in telomere attrition. Longitudinal
studies may clarify the temporal order of this relationship
and how adiposity, chronic stress, insulin resistance, diet,
systemic inflammation, and adipose-tissue derived hor-
mones interplay in the premature attrition of telomeres,
particularly in the young.

104 M. LEE ET AL.

American Journal of Human Biology



ACKNOWLEDGMENTS

The authors thank the participants in the Fels Longitu-
dinal Study and research staff at the Lifespan Health
Research Center, Wright State University Boonshoft
School of Medicine for their technical assistance. The
study was presented, in part, at the 2008 American Heart
Association Arteriosclerosis, Thrombosis and Vascular
Biology Annual conference.

LITERATURE CITED

Andrew T, Aviv A, Falchi M, Surdulescu GL, Gardner JP, Lu X, Kimura M,
Kato BS, Valdes AM, Spector TD. 2006. Mapping genetic loci that deter-
mine leukocyte telomere length in a large sample of unselected female
sibling pairs. Am J Hum Genet 78:480–486.

Aviv A. 2008. The epidemiology of human telomeres: faults and promises. J
Gerontol A Biol Sci Med Sci 63:979–983.

Aviv A, Valdes AM, Spector TD. 2006. Human telomere biology: pitfalls of
moving from the laboratory to epidemiology. Int J Epidemiol 35:1424–
1429.

Baecke JA, Burema J, Frijters JE. 1982. A short questionnaire for the
measurement of habitual physical activity in epidemiological studies.
Am J Clin Nutr 36:936–942.

Banerji MA, Lebowitz J, Chaiken RL, Gordon D, Kral JG, Lebovitz HE.
1997. Relationship of visceral adipose tissue and glucose disposal is inde-
pendent of sex in black NIDDM subjects. Am J Physiol 273:E425–E432.

Bekaert S, De Meyer T, Rietzschel ER, De Buyzere ML, De Bacquer D,
Langlois M, Segers P, Cooman L, Van Damme P, Cassiman P, Van Crie-
kinge W, Verdonck P, De Backer GG, Gillebert TC, Van Oostveldt P.
2007. Telomere length and cardiovascular risk factors in a middle-aged
population free of overt cardiovascular disease. Aging Cell 6:639–647.

Benetos A, Okuda K, Lajemi M, Kimura M, Thomas F, Skurnick J, Labat
C, Bean K, Aviv A. 2001. Telomere length as an indicator of biological
aging: the gender effect and relation with pulse pressure and pulse wave
velocity. Hypertension 37:381–385.

Bischoff C, Petersen HC, Graakjaer J, Andersen-Ranberg K, Vaupel JW,
Bohr VA, Kolvraa S, Christensen K. 2006. No association between telo-
mere length and survival among the elderly and oldest old. Epidemiol-
ogy 17:190–194.

Brouilette S, Singh RK, Thompson JR, Goodall AH, Samani NJ. 2003.
White cell telomere length and risk of premature myocardial infarction.
Arterioscler Thromb Vasc Biol 23:842–846.

Brouilette SW, Moore JS, McMahon AD, Thompson JR, Ford I, Shepherd
J, Packard CJ, Samani NJ. 2007. Telomere length, risk of coronary heart
disease, and statin treatment in the West of Scotland Primary Preven-
tion Study: a nested case-control study. Lancet 369:107–114.

Brouilette SW, Whittaker A, Stevens SE, van der Harst P, Goodall AH,
Samani NJ. 2008. Telomere length is shorter in healthy offspring of sub-
jects with coronary artery disease: support for the telomere hypothesis.
Heart 94:422–425.

Cameron N, Demerath EW. 2002. Critical periods in human growth and
their relationship to diseases of aging. Am J Phys Anthropol Suppl
35:159–184.

Cawthon RM. 2002. Telomere measurement by quantitative PCR. Nucleic
Acids Res 30:e47.

Cawthon RM, Smith KR, O’Brien E, Sivatchenko A, Kerber RA. 2003.
Association between telomere length in blood and mortality in people
aged 60 years or older. Lancet 361:393–395.

Cherkas LF, Aviv A, Valdes AM, Hunkin JL, Gardner JP, Surdulescu GL,
Kimura M, Spector TD. 2006. The effects of social status on biological
aging as measured by white-blood-cell telomere length. Aging Cell
5:361–365.

Cherkas LF, Hunkin JL, Kato BS, Richards JB, Gardner JP, Surdulescu
GL, Kimura M, Lu X, Spector TD, Aviv A. 2008. The association between
physical activity in leisure time and leukocyte telomere length. Arch In-
tern Med 168:154–158.

Cohen J. 1988. Statistical power analysis for the behavioral sciences. Hill-
sdale, NJ: L. Erlbaum Associates. xxi, p 567.

Demerath EW, Sun SS, Rogers N, Lee M, Reed D, Choh AC, Couch W,
Czerwinski SA, Chumlea WC, Siervogel RM, Towne B. 2007. Anatomical
patterning of visceral adipose tissue: race, sex, and age variation. Obe-
sity (Silver Spring) 15:2984–2993.

Despres JP, Lemieux I. 2006. Abdominal obesity and metabolic syndrome.
Nature 444:881–887.

Di Angelantonio E, Sarwar N, Perry P, Kaptoge S, Ray KK, Thompson A,
Wood AM, Lewington S, Sattar N, Packard CJ, Collins R, Thompson SG,
Danesh J. 2009. Major lipids, apolipoproteins, and risk of vascular dis-
ease. JAMA 302:1993–2000.

Di Leonardo A, Linke SP, Clarkin K, Wahl GM. 1994. DNA damage trig-
gers a prolonged p53-dependent G1 arrest and long-term induction of
Cip1 in normal human fibroblasts. Genes Dev 1994; 8:2540–2551.

Epel ES. 2009. Psychological and metabolic stress: a recipe for accelerated
cellular aging? Hormones (Athens) 8:7–22.

Epel ES, Lin J, Wilhelm FH, Wolkowitz OM, Cawthon R, Adler NE, Dolb-
ier C, Mendes WB, Blackburn EH. 2006. Cell aging in relation to stress
arousal and cardiovascular disease risk factors. Psychoneuroendocrinol-
ogy 31:277–287.

Festa A, D’Agostino R Jr, Howard G, Mykkanen L, Tracy RP, Haffner SM.
2000. Chronic subclinical inflammation as part of the insulin resistance
syndrome: the Insulin Resistance Atherosclerosis Study (IRAS). Circula-
tion 102:42–47.

Fitzpatrick AL, Kronmal RA, Gardner JP, Psaty BM, Jenny NS, Tracy RP,
Walston J, Kimura M, Aviv A. 2007. Leukocyte telomere length and car-
diovascular disease in the cardiovascular health study. Am J Epidemiol
165:14–21.

Gardner JP, Li S, Srinivasan SR, Chen W, Kimura M, Lu X, Berenson GS,
Aviv A. 2005. Rise in insulin resistance is associated with escalated telo-
mere attrition. Circulation 111:2171–2177.

Gesta S, Tseng YH, Kahn CR. 2007. Developmental origin of fat: tracking
obesity to its source. Cell 131:242–256.

Herbert KE, Mistry Y, Hastings R, Poolman T, Niklason L, Williams B.
2008. Angiotensin II-mediated oxidative DNA damage accelerates cel-
lular senescence in cultured human vascular smooth muscle cells via
telomere-dependent and independent pathways. Circ Res 102:201–
208.

Houben JM, Moonen HJ, van Schooten FJ, Hageman GJ. 2008. Telomere
length assessment: biomarker of chronic oxidative stress? Free Radic
Biol Med 44:235–246.

Jeanclos E, Schork NJ, Kyvik KO, Kimura M, Skurnick JH, Aviv A. 2000.
Telomere length inversely correlates with pulse pressure and is highly
familial. Hypertension 36:195–200.

Jorgensen JO, Vahl N, Fisker S, Norrelund H, Nielsen S, Dall R, Christian-
sen JS. 1997. Somatopause and adiposity. Horm Res 5:101–104.

Kim S, Parks CG, DeRoo LA, Chen H, Taylor JA, Cawthon RM, Sandler
DP. 2009. Obesity and weight gain in adulthood and telomere length.
Cancer Epidemiol Biomarkers Prev 18:816–820.

Kleinbaum DG, Kupper LL, Muller KE. 1988. Selecting the best regression
equation. Applied regression analysis and other multivariable meth-
ods,3rd ed. Belmont, CA: Duxbury Press. p 386–403.

Levy MZ, Allsopp RC, Futcher AB, Greider CW, Harley CB. 1992. Telomere
end-replication problem and cell aging. J Mol Biol 225:951–960.

Lohman T, Martorell R, Roche AF. 1988. Anthropometric standardization
reference manual. Champaign, IL: Human Kinetics.

Martin-Ruiz C, Dickinson HO, Keys B, Rowan E, Kenny RA, Von Zglinicki
T. 2006. Telomere length predicts poststroke mortality, dementia, and
cognitive decline. Ann Neurol 60:174–180.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner
RC. 1985. Homeostasis model assessment: insulin resistance and beta-
cell function from fasting plasma glucose and insulin concentrations in
man. Diabetologia 28:412–419.

McGrath M, Wong JY, Michaud D, Hunter DJ, De Vivo I. 2007. Telomere
length, cigarette smoking, and bladder cancer risk in men and women.
Cancer Epidemiol Biomarkers Prev 16:815–819.

Miller SL, Wolfe RR. 2008. The danger of weight loss in the elderly. J Nutr
Health Aging 12:487–491.

Minamino T, Orimo M, Shimizu I, Kunieda T, Yokoyama M, Ito T, Nojima
A, Nabetani A, Oike Y, Matsubara H, Ishikawa F, Komuro I. 2009. A cru-
cial role for adipose tissue p53 in the regulation of insulin resistance.
Nat Med 15:1082–1087.

Moreno-Navarrete JM, Ortega F, Sabater M, Ricart W, Fernandez-Real
JM. 2010. Telomere length of subcutaneous adipose tissue cells is
shorter in obese and formerly obese subjects. Int J Obes (Lond) 34:1345–
1348.

Moyzis RK, Buckingham JM, Cram LS, Dani M, Deaven LL, Jones MD,
Meyne J, Ratliff RL, Wu JR. 1988. A highly conserved repetitive DNA
sequence, (TTAGGG)n, present at the telomeres of human chromosomes.
Proc Natl Acad Sci USA 85:6622–6626.

Nettleton JA, Diez-Roux A, Jenny NS, Fitzpatrick AL, Jacobs DR Jr. 2008.
Dietary patterns, food groups, and telomere length in the Multi-Ethnic
Study of Atherosclerosis (MESA). Am J Clin Nutr 88:1405–1412.

Njajou OT, Cawthon RM, Damcott CM, Wu SH, Ott S, Garant MJ, Black-
burn EH, Mitchell BD, Shuldiner AR, Hsueh WC. 2007. Telomere length
is paternally inherited and is associated with parental lifespan. Proc
Natl Acad Sci USA 104:12135–12139.

Nordfjall K, Eliasson M, Stegmayr B, Melander O, Nilsson P, Roos G. 2008.
Telomere length is associated with obesity parameters but with a gender
difference. Obesity (Silver Spring) 16:2682–2689.

O’Donnell CJ, Demissie S, Kimura M, Levy D, Gardner JP, White C,
D’Agostino RB, Wolf PA, Polak J, Cupples LA, Aviv A. 2008. Leukocyte

105TELOMERE LENGTH AND ADIPOSITY

American Journal of Human Biology



telomere length and carotid artery intimal medial thickness: the Fra-
mingham Heart Study. Arterioscler Thromb Vasc Biol 28:1165–1171.

Ogden CL, Carroll MD, Flegal KM. 2008. High body mass index for age
among US children and adolescents, 2003-2006. JAMA 299:2401–2405.

Okuda K, Bardeguez A, Gardner JP, Rodriguez P, Ganesh V, Kimura M,
Skurnick J, Awad G, Aviv A. 2002. Telomere length in the newborn.
Pediatr Res 52:377–381.

Okuda K, Khan MY, Skurnick J, Kimura M, Aviv H, Aviv A. 2000. Telo-
mere attrition of the human abdominal aorta: relationships with age
and atherosclerosis. Atherosclerosis 152:391–398.

Olovnikov AM. 1973. A theory of marginotomy. The incomplete copying of
template margin in enzymic synthesis of polynucleotides and biological
significance of the phenomenon. J Theor Biol 41:181–190.

Pan M, Cederbaum AI, Zhang YL, Ginsberg HN, Williams KJ, Fisher EA.
2004. Lipid peroxidation and oxidant stress regulate hepatic apolipopro-
tein B degradation and VLDL production. J Clin Invest 113:1277–1287.

Proctor CJ, Kirkwood TB. 2002. Modelling telomere shortening and the
role of oxidative stress. Mech Ageing Dev 123:351–363.

Risques RA, Vaughan TL, Li X, Odze RD, Blount PL, Ayub K, Gallaher JL,
Reid BJ, Rabinovitch PS. 2007. Leukocyte telomere length predicts can-
cer risk in Barrett’s esophagus. Cancer Epidemiol Biomarkers Prev
16:2649–2655.

Roche AF. 1992. Growth, maturation, and body composition: the Fels Lon-
gitudinal Study, 1929-1991. New York, NY: Cambridge University Press.
xiii, p 282.

Samani NJ, Boultby R, Butler R, Thompson JR, Goodall AH. 2001. Telo-
mere shortening in atherosclerosis. Lancet 358:472–473.

Takubo K, Izumiyama-Shimomura N, Honma N, Sawabe M, Arai T, Kato
M, Oshimura M, Nakamura K. 2002. Telomere lengths are characteris-
tic in each human individual. Exp Gerontol 37:523–531.

Toussaint O, Medrano EE, von Zglinicki T. 2000. Cellular and molecular
mechanisms of stress-induced premature senescence (SIPS) of human
diploid fibroblasts and melanocytes. Exp Gerontol 35:927–945.

Trayhurn P, Wood IS. 2004. Adipokines: inflammation and the pleiotropic
role of white adipose tissue. Br J Nutr 92:347–355.

Valdes AM, Andrew T, Gardner JP, Kimura M, Oelsner E, Cherkas LF,
Aviv A, Spector TD. 2005. Obesity, cigarette smoking, and telomere
length in women. Lancet 366:662–664.

von Zglinicki T, Serra V, Lorenz M, Saretzki G, Lenzen-Grossimlighaus R,
Gessner R, Risch A, Steinhagen-Thiessen E. 2000. Short telomeres in
patients with vascular dementia: an indicator of low antioxidative
capacity and a possible risk factor? Lab Invest 80:1739–1747.

Wehrli NE, Bural G, Houseni M, Alkhawaldeh K, Alavi A, Torigian DA.
2007. Determination of age-related changes in structure and function of
skin, adipose tissue, and skeletal muscle with computed tomography,
magnetic resonance imaging, and positron emission tomography. Semin
Nucl Med 37:195–205.

Wu X, Amos CI, Zhu Y, Zhao H, Grossman BH, Shay JW, Luo S, Hong WK,
Spitz MR. 2003. Telomere dysfunction: a potential cancer predisposition
factor. J Natl Cancer Inst 95:1211–1218.

Zafon C. 2007. Oscillations in total body fat content through life: an evolu-
tionary perspective. Obes Rev 8:525–530.

Zannolli R, Mohn A, Buoni S, Pietrobelli A, Messina M, Chiarelli F, Mir-
acco C. 2008. Telomere length and obesity. Acta Paediatr 97:952–954.

106 M. LEE ET AL.

American Journal of Human Biology


