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Background: Leukocyte telomere shortening can serve as a biomarker of aging, as telomere length (TL) can decline with age and
shortening is positively associated with morbidity and mortality. It is therefore important to identify psychological and behavioral
factors linked to accelerated telomere shortening. Stress and poorer metabolic health (greater adiposity, insulin resistance, and
cortisol) correlate with shorter telomeres. Self-reported dietary restraint (DR), defined as chronic preoccupation with weight and
attempts at restricting food intake, is linked to greater perceived stress, cortisol, and weight gain, when assessed in community
studies (versus in weight loss programs). Objective: To test for an association between DR and TL in healthy women across a range
of ages. Methods: We examined whether DR is linked to TL in two samples, one of premenopausal women (aged 20 –50 years;
N ⫽ 36) and one of postmenopausal women (aged 53– 69 years; N ⫽ 20). Results: In both samples, higher levels of DR were
associated with shorter leukocyte TL, independent of body mass index, smoking, and age. Conclusions: Chronic DR, as assessed
by self-report (i.e. not caloric restriction), may be a risk factor for premature telomere shortening. Potential mechanisms are
discussed. Key words: TL, dietary restraint, stress, aging, obesity.
DR ⫽ dietary restraint; BMI ⫽ body mass index; TL ⫽ telomere
length; DEBQ ⫽ Dutch Eating Behavior Questionnaire.

INTRODUCTION
besity and obesity-related illnesses have increased in
prevalence worldwide, especially in Western and other
developed countries. Individuals in these countries are surrounded by an abundance of calorically dense food, the type of
food that cues overeating and in the short run provides pleasure. For many individuals in Western societies, food has
become a source of preoccupation and distress (1), with a
concomitant increase in dietary restraint (DR). DR is defined
as the desire to restrict food intake in order to lose or maintain
weight. DR is not, however, consistently related to caloric
intake or weight (2,3). In naturalistic studies, self-reported DR
predicts weight gain rather than weight loss (4 – 6). In this
context, it is thought to partly indicate unsuccessful attempts
at weight loss or weight maintenance rather than active dieting
behaviors (2,3,7). In contrast, participants enrolled in dietary
interventions who have increased scores on DR have reduced
calorie intake and weight loss (6,8). To explain discrepancies
in findings, DR researchers have pointed out that measurement of self-reported DR indicates mainly intention to restrict
rather than effective caloric restriction (9).
DR may act as a subtle but chronic psychological stressor
in a variety of ways. DR can serve as a source of chronic
disappointment and shame when one fails to meet unrealistic
goals for food restriction and weight. Further, maintaining
high DR requires mental effort and may be a form of cognitive
load. High DR, or reporting being on a diet is related to lower
performance on a wide range of cognitive tasks, including
those tapping executive function, in part due to preoccupying
thoughts about eating and weight (10 –13). Preoccupation and
poor executive function may in turn affect ability to cope with
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everyday stressors. Among women, DR has indeed been
linked to greater perceived stress, as well as to physiological
factors that are related to long-term stress, such as elevated
salivary and urinary cortisol (14 –18), reduced bone mass
(15,19), and menstrual irregularities (18,19). One study found
the association of DR with cortisol to be statistically independent of exercise, nutrient intake, and weight fluctuation (20).
Given these apparent links between DR and indices of stress,
we hypothesized that DR would be associated with telomere
length (TL), a biological marker linked to stress.
Telomeres are nucleoprotein structures that cap and protect
the ends of eukaryote chromosomes. They contain tracts of a
simple repeat sequence (TTAGGG in humans) that bind protective telomeric proteins. Because telomeres shorten during
mitosis, they are thought to reflect biological age. We and
others have shown that indices of chronic stress, such as
caregiving, high perceived stress, major depression, and elevated cortisol are negatively correlated with TL, in leukocytes (in
either whole blood or in peripheral blood mononuclear cells
(PBMCs) (21–23). Hence, we hypothesize that DR, by serving as
a source of chronic psychological and possibly biochemical
stress, may lead to greater wear and tear at the cellular level, in
the form of telomere shortening.
Here we focus on leukocyte TL because shorter leukocyte
TL is associated with cardiovascular disease and predicts
overall mortality (24 –29). Poor metabolic health—adiposity,
high leptin, and insulin resistance— has also been associated
with shorter leukocyte TL (14,15). Furthermore, within an
individual, leukocyte TLs in different tissues tend to correlate
with each other, leading some to suggest that leukocyte TL
may be a marker of TL in other tissues (30).
Because DR appears to be associated with both psychological and physiological stress, we propose that DR may be
linked to accelerated telomere shortening in leukocytes. We
provide a preliminary test of this hypothesis using crosssectional data. In two studies, we tested whether higher scores
on DR are associated with shorter telomeres among healthy
women who differ in age and menopausal status. We hypothesized that DR would accelerate telomere shortening over
time, potentially by affecting perceived stress, cortisol, or
insulin sensitivity. These studies represent an initial attempt to
determine whether this relationship exists at a phenotypic
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level. The University of California, San Francisco Investigational Review Board, approved both studies.
STUDY 1: PREMENOPAUSAL WOMEN
Participants and Recruitment
Participants were initially recruited through their child’s
health care professional in clinics in Bay Area hospitals or
through public postings from 2000 to 2003 [for details, see
Epel et al. (21)]. Participants completed a health examination
including a blood draw. Participants were contacted 18
months after the examination and were asked to complete
several mood and eating behavior questionnaires by phone.
Sixteen participants in the original study had moved and/or
could not be reached. Forty-five completed the questionnaire,
resulting in a final sample of 36 women with no missing data.
Of these women, three were current smokers. Twenty-seven
were caring for a disabled child (caregivers), and nine were
age-matched controls. The average body mass index (BMI)
was 24.96 (SD ⫽ 4.15), with a range of 19.6 to 34.9. This
included 61% normal weight, 22% overweight, and 17%
obese. Their ages ranged from 20 to 50 years (M ⫽ 38.89,
SD ⫽ 6.26).
Procedure
Blood draws were performed at the Oakland Children’s
Hospital Pediatric Clinical Research Center. Blood was
drawn in a fasting state on a morning during the follicular
stage of the menstrual cycle. PBMCs were isolated, DNA
was extracted, and TL was measured by PCR method, as
described previously (16,21).
Measures
DR was assessed using a shortened version of the restraint
subscale of the Dutch Eating Behavior Questionnaire (DEBQ)
(31). The DEBQ also includes subscales that assess external
eating (eating in response to food cues, such as seeing others
eat or seeing delicious food) and emotional eating (eating in
response to negative emotions, such as feeling depressed,
irritated, or lonely), which were used in secondary analyses.
The DR subscale assesses desire and behaviors to control
weight, with questions such as: “Do you try to eat less at
mealtimes than you would like to eat?”; and “How often do
you try not to eat between meals because you are watching
your weight?” It measures relative deprivation, eating less
than desired rather than less than needed (32). The DR subscale consisted of 6/10 items that assess DR (to keep the
phone interview short, four items that were similar to others
were not included). The short scale had high internal consistency (Cronbach’s ␣ ⫽ 0.81). All three factors on the DEBQ
have high internal consistency and factorial validity across
various samples (31).
Perceived stress was measured using the widely used 10item Perceived Stress Scale (PSS) (33). This scale assesses
cognitive appraisals of life stress over the last month, the
extent to which situations are experienced as unpredictable
and uncontrollable, and demands outweigh resources. It has
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questions such as “In the last month, how often have you felt
that you were unable to control the important things in your
life?” The 10-item scale has good internal reliability (Cronbach’s ␣ ⫽ 0.78) and validity, relating to measures of life
events in the past year life and perceived stress in an average
week in a large population representative sample (33,34).
Results
Perceived stress scores ranged from 5 to 33 (M ⫽ 15.75;
SD ⫽ 6.84). DR scores item mean was 2.68, SD ⫽ 0.81 (with
a 1–5 range). Pearson correlations were examined to assess
relationships between the variables of interest (Table 1). Age
was negatively associated with BMI and percent body fat. DR
was positively associated with being a smoker. As predicted,
DR was negatively associated with TL (Figure 1). This relationship was not due to outlying values (i.e., not influenced by
the person with the highest DR score). Hierarchical linear
regression analyses were conducted to examine whether DR
predicted TL beyond the effects of smoking, age, and BMI.
Age, smoking status, and BMI were entered at Step 1. DR was
entered at Step 2. In Step 1, age was marginally significantly
associated with TL, ␤ ⫽ ⫺0.25, p ⫽ .06. Neither BMI, ␤ ⫽
⫺0.09, p ⬎ .5, nor smoking ␤ ⫽ ⫺0.12, p ⬎ .3, predicted
TL. In Step 2, as hypothesized, higher levels of DR predicted
shorter telomeres, ␤ ⫽ ⫺0.45, p ⬍ .01, controlling for the
effects of age, smoking, and BMI (Table 2).
STUDY 2: POSTMENOPAUSAL WOMEN
Participants and Recruitment
The second sample consisted of 20 healthy postmenopausal
women, 13 of whom were caring for a family member with
some type of dementia (caregivers), and 7 age-matched controls. The women were recruited through flyers in the community as well as from dementia clinics and elderly service
providers in the Bay Area. Data were collected from 2005 to
2007. Women ranged in age from 52 to 79 years (M ⫽ 59.73,
SD ⫽ 6.40). The average BMI was 27.9 (SD ⫽ 5.0), with a
range of 17.7 to 36.3. This included 36% normal weight, 32%
overweight, and 32% obese. None of the women were current
smokers.
Procedure
Women underwent a fasting morning blood draw. Buffy
coat was separated and frozen at ⫺80°C. DNA was subsequently extracted and assayed for TL, following the procedure
TABLE 1.

Pearson Intercorrelations Between Variables in Study 1
1

1
2
3
4
5

Age
Body mass index
Smoking
Restrained eating
Telomere length

2

3

4

5

—
⫺0.36*
—
⫺0.06 ⫺0.16
—
0.02
0.14 ⫺0.33*
—
⫺0.20
0.18 ⫺0.06 ⫺0.38*(⫺0.45*) —

Correlation within parentheses is adjusted for age, smoking, and BMI.
* p ⬍ .05.
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TABLE 3.

2.0

Pearson Intercorrelations Between Variables in Study 2

Telomere Length (t/s ratio)

1
1 Age
2 Body mass
index
3 Restrained
eating
4 Telomere
length

1.5

1.0

2

0.28

3

4

—

⫺0.01

⫺0.29

—

⫺0.20

⫺0.26

⫺0.55*(⫺0.73**)

—

Correlation within parentheses is adjusted for age and BMI.
* p ⬍ .05; ** p ⬍ .01.
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Figure. 1. Scatter plot of dietary restraint and telomere length for premenopausal women.
TABLE 2.

Results of Hierarchical Linear Regression Analyses for
Studies 1 and 2
b

␤

SE (b)

t

p

Study 1
Step 1
Age
Smoking
Body mass index
Step 2
Restrained eating
Study 2
Step 1
Age
Body mass index
Step 2
Restrained eating

⫺0.007
⫺0.056
⫺0.004
⫺0.090

0.004
0.084
0.004
0.032

⫺0.252
⫺0.088
⫺0.122
⫺0.450

⫺1.89
⫺0.67
⫺0.92
⫺2.79

0.5

5.5

.06
.51
.36
.009

Telomere Length Logged (t/s ratio)
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Figure. 2. Scatter plot of dietary restraint and telomere length for postmenopausal women.
⫺0.006
⫺0.028

0.019
0.022

⫺0.073
⫺0.294

⫺0.32
⫺1.28

.75
.22

⫺0.501

0.125

⫺0.702

⫺4.01

.001

described in Epel 2004, online supplement. The assessment of
PSS and DEBQ are described in Study 1. In this study, however,
women completed the full DEBQ. The restraint subscale had
internal consistency, Cronbach’s ␣ ⫽ 0.91, as did the PSS,
Cronbach’s ␣ ⫽ 0.93. These self-report questionnaires were
completed during the same week as the blood draw.
Results
Perceived stress scores ranged from 2 to 27 (M ⫽ 17.19;
SD ⫽ 7.33). DR scores had an item mean of 2.55, SD ⫽ 0.66.
The sample was similar to Sample 1 in DR, with a slightly
higher average perceived stress score, and greater BMI. Unlike Study 1, TL in Study 2 was not normally distributed. A
log transformation was conducted to normalize its distribution. Pearson’s correlations were conducted to examine the
relationships between log TL, age, BMI, and DR (Table 3).
BMI increased significantly with age and was used as a
covariate in all analyses. As hypothesized, higher DR scores
correlated with shorter TL (Figure 2). No other potentially
confounding factors were related to TL. To examine whether
Psychosomatic Medicine 70:845– 849 (2008)

DR was associated with TL beyond effects of age and BMI, a
hierarchical linear regression of TL on age, BMI, and DR was
conducted. Age and BMI were entered at Step 1. DR was
entered at Step 2. Neither age, ␤ ⫽ ⫺0.04, p ⬍ .80, nor BMI,
␤ ⫽ ⫺0.29, p ⬎ .20, significantly predicted TL in this sample. In
contrast, in Step 2, as predicted, higher levels of DR predicted
shorter telomeres, ␤ ⫽ ⫺0.70, p ⬍ .001, controlling for the
effects of age and BMI (Table 2).
Post hoc Analyses for Studies 1 and 2
There are several potential competing explanations for
these findings. Notably periods of overeating could lead to
spikes in insulin and serve as a metabolic stressor. We therefore assessed two additional measures that might serve as
proxies for overeating, to determine whether the tendency
toward nonhomeostatic eating (eating for reasons other than
caloric need) was related to TL. We first tested whether eating in
response to external cues rather than hunger (external eating
subscale) and eating in response to emotions (emotional eating
subscale) from the DEBQ were associated with TL. In both
studies, there were no significant associations of TL with either
subscale (all p values ⬎0.40). Second, given the association
between perceived stress with TL, we also assessed whether DR
was associated with TL when adjusting for perceived stress. In
both studies, DR was still significantly associated with TL (p
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values ⬍0.05). We also examined whether controlling for caregiver status (using a dummy variable: 1 ⫽ Caregiver; 0 ⫽
Control) would affect our results; there were no effects. Hence,
DR remained significantly associated with telomere shortness
even after controlling for perceived stress scores and for
caregiver status.
Finally, we conducted additional analyses combining the
samples across Studies 1 and 2. Although TL was skewed in
Study 2, it was not skewed in the combined sample; thus, results
are reported for the untransformed variable. Controlling for age,
␤ ⫽ ⫺0.68, p ⬍ .001, smoking, ␤ ⫽ ⫺0.02, p ⬎ .80, and BMI,
␤ ⫽ ⫺0.12, p ⬎ .10, higher levels of DR predicted shorter
telomeres, ␤ ⫽ ⫺0.26, p ⬍ .01. As in the uncombined analyses,
the emotional eating and the external eating subscales neither
predicted TL nor moderated the relationship between DR and TL
(i.e., these scales did not interact with DR).
Because of the cross-sectional nature of the study, we did
not test for mediation, which should be reserved for longitudinal data in which the mediator follows the target (35,36).
DISCUSSION
Across two samples, in both pre- and postmenopausal women,
higher DR was linked to shorter leukocyte telomeres. In both
samples, this effect was independent of BMI, age, perceived
stress, and smoking. This report adds to the growing literature on
the negative correlates of high DR. While DR may to some
extent be necessary to maintain weight in the rich food environment of the modern United States, high levels of restraint may be
unhealthy, as self-reported DR has been linked to aberrations in
stress and reproductive hormones, greater adiposity, and in some
studies, greater levels of life stress (14 –18). Here we introduce
the possibility that DR may also relate to accelerated aging of the
immune system. Identification of lifestyle factors that are linked
to telomere maintenance is a nascent field. It was notable that DR
had an effect over and above other known effects, such as obesity
and stress. Future research should examine whether DR predicts
accelerated telomere shortening prospectively.
There are many potential explanations for why high DR
would be negatively associated with TL. Given the crosssectional nature of the study, it is possible that DR may have
served as a proxy for an unmeasured third variable that leads
to telomere shortening. This study tested several plausible
third variables, including emotional eating, external eating,
BMI, and perceived stress, none of which appeared to affect
the relationship between DR and TL. Nonetheless, the relationship between DR and TL is likely an indirect relationship
that involves a chain of behavioral or biochemical events.
Future research should assess additional plausible third variables or mediators of this relationship, such as responsiveness
to food cues, dietary habits, early life influences on nutrition,
and personality or lifestyle variables.
One might wonder how these findings are related to the
literature on caloric restriction. In animal studies, caloric restriction enhances longevity, and delays the onset of the diseases of
aging (37–39). Caloric restriction may have similar effects on
promoting longevity in humans, in that it improves biomarkers
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that predict longevity (39 – 42). The relationship between TL and
caloric restriction has not been studied in humans. Caloric restriction may promote TL maintenance by increasing insulin
sensitivity, which has been linked to longer telomeres (43). On
superficial examination, our results might appear to contradict the
hypothesis that caloric restriction slows aging and telomere shortening in humans. However, caloric intake is not strongly related
to DR. Self-reported DR assesses only the intention to reduce
caloric intake, not actual restrictive behavior; DR is not consistently associated with weight loss or caloric intake (2,4 –7,20,44).
Rather, it appears to be related to eating less in controlled conditions, and overeating when self-control is challenged, especially if one scores high on the tendency to overeat in response to
food cues or emotions (20).
The distinction between unhealthy and ineffectual attempts at
weight loss, which are frequently reported by chronic dieters, and
successful DR induced by behavioral interventions, which increase well-being and aid weight loss (6), is important for interpreting our results. We propose that behaviorally successful DR,
and the consequent decreases in habitual caloric intake, lower
glucose and insulin levels, distress, and therefore should slow rate
of telomeric loss. Free (unrestrained) eaters tend to eat meals
more regularly. Conversely, DR, as typically assessed by selfreport, is associated with dysregulated patterns of eating (fasting,
bingeing, and purging) (45). Frequent missed meals followed by
overeating, may cause some ‘metabolic strain,’ in the form of
more frequent and greater fluctuations in insulin and glucose
levels, and such exposure is hypothesized to accelerate telomeric
loss (46). These findings therefore call for assessment of eating
behaviors in conjunction with self-reported DR, to distinguish
“healthy” DR from “unhealthy” DR. Until this research is conducted, we can only speculate about the mechanisms to explain
the relationship between self-reported DR and TL in humans.
Additional limitations of these studies include the small sample
sizes and exclusive focus on women. Further, in the first study, a
subset of the DEBQ was administered over the phone 18 months
after the other assessments. Despite these limitations, the results of
these two studies were consistent with each other and not explained
by obvious confounding factors, such as BMI, age, or reported
tendency to overeat in response to stimuli or emotions.
In conclusion, we find that self-reported DR is linked to shortened telomeres. Given the replication across two samples, among
pre- and postmenopausal women, the relationship between DR and
TL appears to exist at least phenotypically. Findings from this
preliminary test of the hypothesis call for experimental and prospective assessment of this relationship to determine if the relationship is
causal, and whether it is due to cognitive, behavioral, or physiological pathways.
REFERENCES
1. Rozin P, Fischler C, Imada S, Sarubin A, Wrzesniewski A. Attitudes to food
and the role of food in life in the USA, Japan, Flemish Belgium and France:
possible implications for the diet-health debate. Appetite 1999;33:163– 80.
2. Beiseigel JM, Nickols-Richardson SM. Cognitive eating restraint scores are
associated with body fatness but not with other measures of dieting in
women. Appetite 2004;43 47–53.
3. Stice E, Fisher M, Lowe MR. Are dietary restraint scales valid measures of
Psychosomatic Medicine 70:845– 849 (2008)

DIETARY RESTRAINT AND TELOMERE LENGTH

4.
5.
6.
7.
8.

9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.

24.
25.

acute dietary restriction? Unobtrusive observational data suggest not. Psychol Assess 2004;16:1–9.
Stice E, Cameron RP, Killen JD, Hayward C, Taylor CB. Naturalistic weightreduction efforts prospectively predict growth in relative weight and onset of
obesity among female adolescents. J Consult Clin Psychol 1999;67:67–74.
Stice E, Hayward C, Cameron RP, Killen JD, Taylor CB. Body-image
and eating disturbances predict onset of depression among female
adolescents: a longitudinal study. J Abnorm Psychol 2000;109:438 – 44.
Stice E, Presnell K, Groesz L, Shaw H. Effects of a weight maintenance
diet on bulimic symptoms in adolescent girls: an experimental test of the
dietary restraint theory. Health Psychol 2005;24:402–12.
Putterman E, Linden W. Appearance versus health: does the reason for
dieting affect dieting behavior? J Behav Med 2004;27:185–204.
Williamson DA, Martin CK, Anton SD, York-Crowe E, Han H, Redman
L, Ravussin E; Pennington CALERIE Team. Is caloric restriction associated with development of eating-disorder symptoms? Results from the
CALERIE trial. Health Psychol 2008;27(1 Suppl):S32–S42.
Stice E, Cooper JA, Schoeller DA, Tappe K, Lowe MR. Are dietary restraint
scales valid measures of moderate- to long-term dietary restriction? Objective
biological and behavioral data suggest not. Psychol Assess 2007;19:449–58.
Brunstrom JM, Davison CJ, Mitchell GL. Dietary restraint and cognitive
performance in children. Appetite 2005;45:235– 41.
Green MW, Rogers PJ, Elliman NA. Dietary restraint and addictive
behaviors: the generalizability of Tiffany’s cue reactivity model. Int J Eat
Disord 2000;27:419 –27.
Kemps E, Tiggemann M. Working memory performance and preoccupying thoughts in female dieters: evidence for a selective central executive impairment. Br J Clin Psychol 2005;44(Pt 3):357– 66.
Kemps E, Tiggemann M, Marshall K. Relationship between dieting to lose
weight and the functioning of the central executive. Appetite 2005;45:287–94.
Anderson DA, Shapiro JR, Lundgren JD, Spataro LE, Frye CA. Selfreported dietary restraint is associated with elevated levels of salivary
cortisol. Appetite 2002;38:13–7.
McLean JA, Barr SI, Prior JC. Dietary restraint, exercise, and bone
density in young women: are they related? Med Sci Sports Exerc 2001;
33:1292– 6.
Putterman E, Linden W. Cognitive dietary restraint and cortisol: importance of pervasive concerns with appearance. Appetite 2006;47:64 –76.
Rideout CA, Linden W, Barr SI. High cognitive dietary restraint is
associated with increased cortisol excretion in postmenopausal women. J
Gerontol A Biol Sci Med Sci 2006;61:628 –33.
Barr SI, Prior JC, Vigna YM. Restrained eating and ovulatory
disturbances: possible implications for bone health. Am J Clin Nutr
1994;59:92–7.
Vescovi JD, Scheid JL, Hontscharuk R, De Souza MJ. Cognitive dietary
restraint: impact on bone, menstrual and metabolic status in young
women. Physiol Behav. 2008 Apr 11. [Epub ahead of print].
van Strien T, Engels RC, van Staveren W, Herman CP. The validity of
dietary restraint scales: comment on Stice et al. (2004). Psychol Assess
2006;18:89 –94; discussion 95–9.
Epel ES, Blackburn EH, Lin J, Dhabhar FS, Adler NE, Morrow JD,
Cawthon RM. Accelerated telomere shortening in response to exposure to
life stress. PNAS 2004;101:17312–5.
Simon NM, Smoller JW, McNamara KL, Maser RS, Zalta AK, Pollack
MH, Nierenberg AA, Fava M, Wong KK. Telomere shortening and mood
disorders: preliminary support for a chronic stress model of accelerated
aging. Biol Psychiatry 2006;60:432–5.
Damjanovic AK, Yang Y, Glaser R, Kiecolt-Glaser JK, Nguyen H,
Laskowski B, Zou Y, Beversdorf DQ, Weng NP. Accelerated telomere
erosion is associated with a declining immune function of caregivers of
Alzheimer’s disease patients. J Immunol 2007;179:4249 –54.
Gardner JP, Li S, Srinivasan SR, Chen W, Kimura M, Lu X, Berenson
GS, Aviv A. Rise in insulin resistance is associated with escalated
telomere attrition. Circulation 2005;11:2171–7.
Valdes AM, Andrew T, Gardner JP, Kimura M, Oelsner E, Cherkas LF,

Psychosomatic Medicine 70:845– 849 (2008)

26.

27.

28.

29.

30.
31.

32.

33.
34.

35.

36.
37.
38.
39.

40.
41.

42.

43.

44.

45.

46.

Aviv A, Spector TD. Obesity, cigarette smoking, and telomere length in
women. Lancet 2005;366:662– 4.
Cawthon RM, Smith KR, O’Brien E, Sivatchenko A, Kerber RA. Association between telomere length in blood and mortality in people aged 60
years or older. Lancet 2003;361:393–5.
Fitzpatrick AL, Kronmal RA, Gardner JP, Psaty BM, Jenny NS, Tracy
RP, Walston J, Kimura M, Aviv A. Leukocyte telomere length and
cardiovascular disease in the cardiovascular health study. Am J Epidemiol 2006;165:14 –21.
Honig LS, Schupf N, Lee JH, Tang MX, Mayeux R. Shorter telomeres are
associated with mortality in those with APOE epsilon4 and dementia.
Ann Neurol 2006;60:181–7.
Epel ES, Lin J, Wilhelm FH, Wolkowitz OM, Cawthon R, Adler NE,
Dolbier C, Mendes WB, Blackburn EH. Cell aging in relation to stress
arousal and cardiovascular disease risk factors. Psychoneuroendocrinology 2006;31:277– 87.
Friedrich U, Griese E, Schwab M, Fritz P, Thon K, Klotz U. Telomere length in
different tissues of elderly patients. Mech Ageing Dev 2000;119:89–99.
van Strien T, Frijters J, Bergers G, Defares P. The Dutch Eating Behavior
Questionnaire (DEBQ) for assessment of restrained, emotional, and external eating behavior. Int J Eat Disord 1986;5:295–315.
van Strien T. Eating less than required versus eating less than desired.
The criterion problem in the validity studies of Williamson et al. (2007).
Appetite 2008;50:548 –9.
Cohen S, Kamarck T, Mermelstein R. A global measure of perceived
stress. J Health Soc Behav 1983;24:385–96.
Cohen S, Williamson G. Perceived stress in a probability sample of the United
States. In: Oskamp SSS, editor. The social psychology of health: Claremont
symposium on applied social psychology. Newbury Park, CA: Sage; 1988.
Kraemer HC, Stice E, Kazkin A, Offord D, Kupfer D. How do risk factors
work together? Mediators, moderators, and independent, overlapping,
and proxy risk factors. Am J Psychiatry 2001;158:848 –56.
Kraemer HC, Frank E, Kupfer DJ. Moderators of treatment outcomes:
clinical, research, and policy importance. JAMA 2006;296:1286 –9.
Bengmark S. Impact of nutrition on ageing and disease. Curr Opin Clin
Nutr Metab Care 2006;9:2–7.
Kenyon C. The plasticity of aging: insights from long-lived mutants. Cell
2005;120:449 – 60.
Wolf NS, Pendergrass WR. The relationships of animal age and caloric intake to
cellular replication in vivo and in vitro: a review. J Gerontol A Biol Sci Med Sci
1999;54:B502–B517.
Fontana L, Klein S. Aging, adiposity, and calorie restriction. JAMA
2007;297:986 –94.
Heilbronn LK, de Jonge L, Frisard MI, DeLany JP, Larson-Meyer DE, Rood J,
Nguyen T, Martin CK, Volaufova J, Most MM, Greenway FL, Smith SR,
Deutsch WA, Williamson DA, Ravussin E; Pennington CALERIE Team. Effect
of 6-month calorie restriction on biomarkers of longevity, metabolic adaptation,
and oxidative stress in overweight individuals: a randomized controlled trial.
JAMA 2006;295:1539–48.
Roth GS, Lane MA, Ingram DK, Mattison JA, Elahi D, Tobin JD, Muller D,
Metter EJ. Biomarkers of caloric restriction may predict longevity in humans.
Science 2002;297:811.
Demissie S, Levy D, Benjamin EJ, Cupples LA, Gardner JP, Herbert A, Kimura
M, Larson MG, Meigs JB, Keaney JF, Aviv A. Insulin resistance, oxidative
stress, hypertension, and leukocyte telomere length in men from the Framingham
Heart Study. Aging Cell 2006;5:325–30.
Phelan JC, Link BG, Diez-Roux A, Kawachi I, Levin B. “Fundamental causes”
of social inequalities in mortality: a test of the theory. J Health Soc Behav
2004;45:265–85.
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