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Abstract

Background: Telomere length has been proposed as a marker of aging. However, our knowledge of lifestyle risk factors
determining telomere length is limited.

Methods: We evaluated the associations between years of rotating night shifts, self-reported sleep duration, and telomere
length in 4,117 female participants from the Nurses’ Health Study. Telomere length in peripheral blood leukocytes was
determined by Real-Time PCR assay. Information on rotating night shifts and sleep duration was collected via
questionnaires prior to blood collection. We used multivariable linear regression to investigate the associations between
rotating night shifts, sleep duration, and telomere length.

Results: Compared with women in the category (9 hours), those in the lowest category of sleep duration (#6 hours) had a
0.12 unit decrease in z score after adjustment for age, BMI and cigarette smoking (equivalent to 9-year telomere attrition, P
for trend = 0.05). Significant positive association between sleep duration and telomere length was seen among women
under age of 50 (P for trend = 0.004), but not among those over 50 (P for trend = 0.33) (P for interaction = 0.005). In
addition, we observed that women with a longer history of rotating night shifts tended to have shorter telomere length, but
this relation was not statistically significant (P for trend = 0.36).

Conclusion: We found that sleep duration was positively associated with telomere length among women under 50 years
old. Further research is needed to confirm the observed associations.

Citation: Liang G, Schernhammer E, Qi L, Gao X, De Vivo I, et al. (2011) Associations between Rotating Night Shifts, Sleep Duration, and Telomere Length in
Women. PLoS ONE 6(8): e23462. doi:10.1371/journal.pone.0023462

Editor: Jose Vina, University of Valencia, Spain

Received May 12, 2011; Accepted July 18, 2011; Published August 10, 2011

Copyright: � 2011 Liang et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This study was supported by National Institutes of Health grants CA133914, CA87969, and CA49449. The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: jiali.han@channing.harvard.edu

Introduction

Telomere length has been reported to have important

influence on various chronic diseases and aging [1], and previous

data have suggested it as a potential biomarker of risk of

cardiovascular disease and several cancers [2-5]. However, little

is known about lifestyle factors that determine telomere length. A

recent study showed that the current and long-term full-time

work was associated with shorter telomere length in women of

the Sister Study [6]. Another report found that telomere length

was shorter in patients with sleep apnea syndrome than in

controls [7]. This suggests that work schedule and sleep situation

may have an effect on telomere length. Rotating night shifts

work and sleep deficits disrupt circadian rhythms and have

important effects on health. Increasing evidence suggests that

rotating night shifts and short sleep duration are potential risk

factors for various metabolic disorders, cardiovascular disease,

and cancers [8–12]. It is interesting that a history of extended

periods of rotating night shifts work and short telomere length in

peripheral blood leukocytes (PBL) were both associated with a

decreased risk of melanoma in our previous studies [13,14] and

with lower risk of Parkinson’s disease by us and other researchers

[15,16]. Short sleep duration was also associated with a lower

risk of Parkinson’s disease [15]. To our knowledge, there are no

epidemiologic data on the potential associations between

rotating night shifts, sleep duration, and telomere length in a

large general population. Here we evaluated these associations in

a large ongoing US cohort of women: the Nurses’ Health Study

(NHS).

Methods

Ethics Statement
This study was approved by the Human Research Committee

at the Brigham and Women’s Hospital (Boston, MA) with written

informed consent from all participants.
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Study population
The NHS was established in 1976 among 121,700 female

registered nurses between the ages of 30 and 55. Participants

completed biennially mailed questionnaires to update information

on exposure status and newly diagnosed diseases. Between 1989

and 1990, blood samples were collected from 32,826 cohort

members and were stored with liquid nitrogen. Between 2008 and

2010, several nested case-control studies were conducted within

the NHS blood cohort to investigate the association between

telomere length and stroke [17], myocardial infarction [18], breast

cancer [19], skin cancer [14], and endometrial cancer [20]. We

used all the controls from these nested case-control studies that

had previously been analyzed for telomere length. The samples

were limited to Caucasian women. A total of 4,117 women formed

the baseline population for this study.

Assessment of sleep duration, rotating night shifts and
covariates

Sleep duration was asked in the 1986 questionnaire, corre-

sponding to the total hours of actual sleep in a 24-hour period.

Seven options were provided (hours): 5 or less, 6, 7, 8, 9, 10, 11 or

more. Information on rotating night shifts was collected from the

1988 questionnaire. Participants were asked for their total number

of years of rotating night shifts, which was characterized as ‘‘at

least three nights per month in addition to working days or

evenings in that month’’. Eight categories were provided (in years):

never, 1–2, 3–5, 6–9, 10–14, 15–19, 20–29, 30 or more.

Information on age, cigarette smoking (pack years) and body

mass index (BMI) at blood draw was also collected.

Telomere length measurement
Genomic DNA was extracted from peripheral leukocytes using

the QIAmp 96-spin blood protocol. The relative average telomere

length was determined by a high-throughput 384-well Real-Time

PCR assay using the Applied Biosystems 7900HT PCR System.

The T/S ratio (-dCt) for each sample was calculated by

subtracting the average 36B4 Ct value from the average telomere

Ct value. The relative T/S ratio (-ddCt) was determined by

subtracting the T/S ratio value of the 5 ng standard curve point

from the T/S ratio of each unknown sample. Blinded quality-

control samples were interspersed throughout the sets to assess

inter-plate and intra-plate variability. The coefficients of variation

(CV) of the telomere Ct and 36B4 Ct were lower than 5% in all

nested case-control studies.

Statistical analysis
We calculated a z score of telomere length among controls of

each nested case-control study and pooled the z scores for further

analysis. The z scores were categorized into quintiles. Multivar-

iable linear regression models were used to examine the

relationships between rotating night shifts or sleep duration and

telomere length. Age, BMI, and cigarette smoking (pack years)

were adjusted in the models. P trends across categories were

calculated in the regression models.

Because prolonged sleep (10+ hours) may reflect some adverse

healthy conditions, we kept it as a single group and did not include

it in the trend test. To test potential interaction between these sleep

variables and age on telomere length, we modeled age as a

dichotomous variable (50 years old as a cutoff point) and rotating

night shifts or sleep duration as a continuous variable. The age of

50 years was used as a cutoff to separate pre and post-menopausal

women [21]. We then tested a single multiplicative interaction

term by the likelihood ratio test, comparing the model with the

single interaction term with the model containing just the main

effects of rotating night shifts or sleep duration and age variables,

along with the same covariates. Statistical analyses were conducted

using SAS software (version 9, SAS Institute, Cary, NC). All

statistical tests were two-sided.

Results

The characteristics of women by quintiles of telomere length are

presented in Table 1. A significantly inverse relationship was

found between the telomere length and age (P,0.0001), which is

consistent with published data [2]. Women with shorter telomere

length had a slightly higher BMI; this was significant after

adjusting for age (P = 0.03). Women with shorter telomere length

were more likely to smoke, but this was not statistically significant

(P = 0.07). There was no significant association between meno-

pausal status and telomere length.

The relationships between telomere length, nightshift work, and

sleep duration are presented in Table 2. After multivariate

adjustment for age, body mass index, and cigarette smoking,

women with 9 hours of sleep had Z score of 0.07, whereas those

with less than 6 hours of sleep had telomere length Z score of -0.05

(equivalent to 9-year telomere attrition, P for trend = 0.05).

Women in the top category ($10 h) had shorter telomere length

(Z score, -0.10). We observed a significant interaction between

sleep duration and age on telomere length (P for interaction

= 0.005) (Table 3). In the stratified analyses by age, the significant

association between sleep duration and telomere length was found

only among women under 50 years old (P for trend = 0.004). The

top category of sleep duration (9 h) was associated with a 0.75 unit

increase in z score compared with the lowest category of sleep

duration (#6 h). In contrast, no significant association was found

between sleep duration and telomere length among women more

than 50 years old (P for trend = 0.33).

In addition, we found that women with the longest history of

rotating night shifts work (more than 20 years) tended to have

short telomere lengths compared with those with the shortest

history of rotating night shifts work. This trend, while overall not

statistically significant (P for trend = 0.36), appeared to be more

pronounced when restricting to women less than 50 years old, but

the test for interaction between rotating night shifts and age was

also not statistically significant (P for interaction = 0.29). Overall,

there was no association between night shifts and telomere length

in this study. We examined the interactions between sleep duration

and night shifts and BMI and smoking on telomere lengths, and

none of the interactions were statistically significant.

Discussion

Telomere length has been identified as a potential biomarker of

aging [1]. Our previous study examined the effect of associations

between diet, body composition, and lifestyle factors on telomere

length in the NHS [22]. In the present study, we examine the

associations of both rotating night shifts and sleep duration with

telomere length. Our results suggest that sleep duration is

positively associated with telomere length, except for those with

more than 10-hour sleep. Individuals with long sleep duration (10+
hours) had shortened telomere length due to two possible reasons.

Long sleep duration is likely to be an indicator of poor physical

condition. Previous research showed that long sleep ($9 hours)

was associated with decreased physical performance in older

women compared with mid-range sleepers (7–8 hours) [23]. On

the other hand, people who sleep more than 10 hours can be very

athletic. Our study showed that people with high level of moderate

Night Shifts, Sleep Duration, and Telomere Length
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or vigorous physical activity had shorter telomere length than

those with modest level (unpublished data).

Short sleep duration has been associated with a decreased risk of

Parkinson’s and increased risks of various cancers [12,15,24].

Three cohort studies have suggested that breast cancer risk

decreased with increasing sleep duration. [12,25,26], but in our

own cohort we did not observe an association between sleep

duration and breast cancer risk [27]. Another study also reported

an association between short sleep duration and an increased risk

of colorectal adenomas [20]. Individuals sleeping fewer than

6 hours per night had an almost 50% increased risk of colorectal

adenomas (OR = 1.47, P for trend = 0.02) compared with

individuals sleeping at least 7 hours per night [20]. Similarly,

with the exception of Parkinson’s disease and melanoma, short

telomere length in PBL has been suggested to be associated with

an increased risk of breast, bladder, lung, and stomach cancers

[4,5,28,29]. Therefore, we hypothesized that there may be a

positive association between sleep duration and telomere length.

The current study supports the hypothesis that sleep duration is

positively associated with telomere length, but the mechanisms

underlying the association are still unknown. Melatonin, a

hormone closely related to sleep, has been demonstrated to

defend against oxidative stress, promote DNA repair and inhibit

tumor development [30–32]. Some studies have shown that short

telomere length is associated with high oxidative stress [33].

Recently, a link between short sleep duration and low levels of

melatonin has been suggested [26,34]. In a cohort study of sleep

duration and breast cancer, the levels of melatonin in urine

exhibited a dose-dependent positive association with the number

of hours of sleep [26]. Another study also showed that serum

melatonin levels were lower in individuals with,6 hours of sleep

than those with .9 hours [34]. Therefore, sleep duration

probably influences telomere length via a melatonin-mediated

pathway. The finding that patients with obstructive sleep apnea

Table 1. Characteristics of women by quintiles of telomere length.

Quintile of telemere length (z score)

1 2 3 4 5

Age at blood draw (years)a 59.9 59.6 59.0 58.6 58.5

BMI at blood draw (kg/m2)b 25.6 25.4 25.4 24.9 25.2

Current smoking at blood draw (%)c 15.9 20.1 15.0 16.1 14.2

Menopausal statue (%)d

Premenopausal 11.7 12.0 12.0 15.1 15.8

Postmenopausal 88.3 88.0 88.0 84.9 84.2

Rotating night shifts (years) 3.8 3.7 3.5 3.4 3.4

Sleep duration, #6 hours (%) 29.0 26.3 26.6 25.8 25.2

aP,0.0001.
bP = 0.03 after adjusting for age.
cP = 0.07 after adjusting for age.
dP = 0.81 after adjusting for age.
doi:10.1371/journal.pone.0023462.t001

Table 2. The relationship between telomere length (z score), rotating night shifts, and sleep duration.

n Mean±SEa (z score) P for trend a Mean±SEb (z score) P for trend b

Rotating night shifts(years)

Never 1583 20.00760.03 0.28 20.00860.03 0.36

1–2 965 0.0460.03 0.0460.03

3–5 669 0.00460.04 20.00360.04

6–9 304 0.0360.06 0.0360.06

10–19 305 20.0760.06 20.0660.06

$20 166 20.0560.08 20.0560.08

Sleep duration (hours)

#6 1026 20.0460.03 0.06c 20.0560.03 0.05c

7 1703 0.00760.02 0.0160.02

8 948 0.0360.03 0.0260.03

9 167 0.0760.08 0.0760.08

$10 19 20.0460.23 20.160.23

aAdjusted for age (continuous variable).
bAdjusted for age (continuous variable), BMI (continuous variable), and cigarette smoking (pack years).
cP for trend from sleep duration #6 hours to 9 hours.
doi:10.1371/journal.pone.0023462.t002
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syndrome had both an abnormal melatonin secretion pattern [35]

and short telomere length [7] was compatible with this hypothesis.

More studies are needed to elucidate the possible mechanism.

We observed that long sleep duration was significantly

associated with long telomere length among women younger than

50 years old but not among those over 50 years old. Because

telomere is shortened over age, it is possible that telomere attrition

is more pronounced and more sensitive to environmental stress in

early age and the attrition becomes slower over time. In addition,

the effect of sleep duration on telomere length may be mediated

through a melatonin-related pathway. High melatonin levels are a

recognized protective factor against oxidative stress [30] and long

sleep duration has been linked to high melatonin levels [26]. A

significant trend of decreasing melatonin levels with increasing age

was observed previously [36]. The variation of amplitude (night-

day ratio of melatonin) was bigger in younger individuals than in

older ones [36]. Our previous study also observed that younger

women appeared to have higher urinary melatonin levels than

older women, particularly in premenopausal women (#39 yr

versus $49 yr) [37]. Therefore, it would be predicted that the

association between sleep duration and telomere length is more

apparent among younger women.

Longer years of rotating night shifts work have also been

associated with increased risk of various cancers, such as breast,

colon, prostate, and endometrium [10,38–40]. However, in our

previous study, we also suggested that both long duration of

rotating night shifts work and short telomere length are associated

with a decreased risk of melanoma [13,14] and Parkinson’s disease

[15,16]. We found that women with a longer history of rotating

night shifts work tended to have shorter telomere length, but the

association was not statistically significant. Consistent with our

findings, a cross-sectional analysis of the Sister Study showed no

association between work at night (P = 0.83), rotating nightshift

work (P = 0.44) and telomere length [6].

In conclusion, in this large prospective cohort study, we found

that sleep duration was positively associated with telomere length,

especially in women under 50 years old. Women with longer

duration of rotating night shifts tended to have short telomere

length, but it was not statistically significant. To our knowledge,

this is the first study to report associations between rotating night

shifts, sleep duration, and telomere length in a cohort study.

Further research is needed to confirm these possible associations.
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melatonin plasma levels in patients with OSAS: the effect of CPAP. Eur Respir J

30: 496–500.

36. Mahlberg R, Tilmann A, Salewski L, Kunz D (2006) Normative data on the

daily profile of urinary 6-sulfatoxymelatonin in healthy subjects between the ages

of 20 and 84. Psychoneuroendocrinology 31: 634–641.

37. Schernhammer ES, Kroenke CH, Dowsett M, Folkerd E, Hankinson SE (2006)

Urinary 6-sulfatoxymelatonin levels and their correlations with lifestyle factors

and steroid hormone levels. J Pineal Res 40: 116–124.

38. Viswanathan AN, Hankinson SE, Schernhammer ES (2007) Night shift work

and the risk of endometrial cancer. Cancer Res 67: 10618–10622.

39. Schernhammer ES, Laden F, Speizer FE, Willett WC, Hunter DJ, et al. (2003)

Night-shift work and risk of colorectal cancer in the nurses’ health study. J Natl

Cancer Inst 95: 825–828.

40. Conlon M, Lightfoot N, Kreiger N (2007) Rotating shift work and risk of

prostate cancer. Epidemiology 18: 182–183.

Night Shifts, Sleep Duration, and Telomere Length

PLoS ONE | www.plosone.org 5 August 2011 | Volume 6 | Issue 8 | e23462


