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AbstrACt
Objective To examine whether sleep disturbance modifies 
the association between physical activity and incident 
pain.
Design Prospective population- based study.
setting Health and Retirement Study.
Participants American adults aged ≥50 years who 
reported no troublesome pain in 2014 were re- assessed 
for pain in 2016. Of 9828 eligible baseline respondents, 
8036 (82%) had complete follow- up data for adjusted 
analyses (weighted analysis population N=42 407 222).
Exposures Physical activity was assessed via interview 
with questions about time spent in moderate and vigorous 
physical activity. Sleep disturbance, assessed using a 
modified form of the Jenkins Sleep Scale, was examined 
as a potential moderator.
Main outcome measure Troublesome pain.
results In weighted analyses, 37.9% of the 2014 
baseline pain- free sample participated in moderate 
or vigorous physical activity once a week or less, with 
an overall mean Physical Activity Index Score of 9.0 
(SE=0.12). 18.6% went on to report troublesome pain 
in 2016. Each one- point higher on the Physical Activity 
Index Score was associated with a reduced odds ratio 
(OR) of incident pain for those who endorsed sleep 
disturbance never/rarely (OR=0.97, 95% CI 0.94 to 
0.99), but not for those who endorsed sleep disturbance 
sometimes (OR=0.99, 95% CI 0.97 to 1.01) or most of 
the time (OR=1.01, 95% CI 0.99 to 1.03). The analysis of 
possible interaction demonstrated that frequency of sleep 
disturbance moderated the physical activity and incident 
pain association (Wald test: p=0.02).
Conclusions The beneficial association of physical 
activity on reduced likelihood of later pain was only 
observed in persons who endorsed low levels of sleep 
disturbance.

IntrODuCtIOn
Pain is a pre- eminent public health issue,1 
affecting approximately 20% of the global 
adult population.2 Its reach is pervasive, 
impacting on daily functioning,3 mental 

health4 and quality of life.5 The societal 
burden of pain is also vast, with annual 
economic costs, including those associated 
with healthcare and social services, exceeding 
$560 billion in the USA alone.6 Half of the 
older adult population in the USA is estimated 
to experience troublesome pain.7 With an 
increasingly older population8 and observed 
associations between pain onset and a reduc-
tion in healthy ageing,9 discovery of strategies 
to prevent or reduce the proliferation of pain 
in older adults to support healthy ageing is 
imperative. The identification of modifiable 
and protective lifestyle factors that contribute 
to pain is key to guide population- level efforts 
to achieve this aim.

One such modifiable factor, and an 
important determinant of healthy ageing, is 
physical activity.10 Physical activity is associ-
ated with lower levels of functional disability11 
and morbidity,12 better mental health13–15 and 
a reduced likelihood of pain reporting.16 17 
Accordingly, physical activity is a principal 
health behaviour included in the WHO’s 
2015 World Report on Ageing and Health.18

strengths and limitations of this study

 ► This study uses data representative of the US pop-
ulation aged 50 years and over to provide evidence 
for the moderating effect of sleep disturbance on 
the association between the level of physical activity 
and later pain onset.

 ► Strengths of the study include its complex survey 
design, which supports population- level inference, 
and the low level of missing data.

 ► Limitations of the study include the self- reported 
nature of the variables under study, and the lack 
of available information on the presence of specific 
sleep disorders.

http://bmjopen.bmj.com/
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Like low levels of physical activity, poor sleep quality and 
short sleep duration are associated with more functional 
disability,19 a wide range of diseases,20–23 poor mental 
health24 and pain reporting.25–28 Poor sleep quality and 
lower sleep efficiency are also associated with lower levels 
of physical activity and a decreased likelihood of uptake 
or maintenance of routine exercise.29 Conversely, higher 
levels of physical activity are associated with improvements 
in subjectively and objectively measured sleep.30 31 Despite 
this, advice about sleep behaviour is rarely included in 
physical activity guidance for older adults. A possible 
reason for this may be a tacit societal agreement that 
parameters of sleep (eg, duration, timing and continuity) 
inevitably decline with age. However, although changes 
in sleep duration, timing and continuity are observed as 
humans age, most changes occur during the transition 
from young to middle adulthood.32 Indeed, the National 
Sleep Foundation recommends that older adults sleep 
7–8 hours per night (the recommendation for adults 
aged 18–64 is 7–9 hours).33

This study is predicated on the hypothesis that healthy 
sleep contributes to healthy ageing, and that sleep is 
an essential component, not only in its own right, but 
also as a condition within which the benefits of physical 
activity can be optimally reaped. To investigate the joint 
impact of sleep and physical activity on health, we exam-
ined whether sleep disturbance modified the association 
between the level of physical activity and likelihood of 
incident troublesome pain 2 years later in a nationally 
representative sample of older adults in the USA.

MEthODs
study design
We used data from the Health and Retirement Study 
(HRS), a prospective survey of US adults aged 50 years and 
older conducted by the University of Michigan. House-
hold face- to- face or telephone interviews are conducted 
with participants on a biannual basis across the contig-
uous USA.34 Data collection is conducted by trained 
interviewers using laptop computers. The complex survey 
design of HRS incorporates multistage area probability 
sampling, stratification, clustering and oversampling of 
adults of African American and Hispanic race/ethnicity. 
This allows HRS to provide a nationally representative 
sample that, with appropriate design- based analyses, can 
be used to make population- level inferences. A dataset 
comprising two HRS waves (2014 and 2016) was compiled 
and used to investigate relationships between physical 
activity, sleep disturbance and incident pain (those with 
no pain in 2014 followed forward for pain status in 2016). 
The HRS is sponsored by the National Institute on Aging.

MEAsurEs
Pain
The outcome was incident troublesome pain, deter-
mined by a ‘yes’ response to the question, ‘Are you often 

troubled with pain?’, in 2016. This item has previously 
been shown to be comparable to pain that at least moder-
ately interferes with daily life.35

Physical activity
The WHO recommends that adults aged ≥65 years partic-
ipate in 150 min of moderate physical activity or 75 min 
of vigorous physical activity each week, or an equiva-
lent combination of both.36 The physical health section 
of HRS surveys includes questions about current levels 
of moderate and vigorous physical activity (moderate: 
‘how often do you take part in sports or activities that 
are moderately energetic, such as gardening, cleaning 
the car, walking at a moderate pace, dancing, floor or 
stretching exercises?’; vigorous: ‘How often do you take 
part in sports or activities that are vigorous, such as 
running or jogging, swimming, cycling, aerobics or gym 
workout, tennis, or digging with a spade or shovel?’). 
Response options available for both questions are hardly 
ever or never, one to three times a month, once a week or 
more than once a week. Responses were used to create a 
Physical Activity Index Score, calculated following a previ-
ously used method.37 38 Moderate activity responses were 
coded as: 0=hardly ever, 1=one to three times a month, 
3=once a week and 6=more than once a week. Vigorous 
activity responses were coded as: 0=hardly ever, 2=one to 
three times a month, 6=once a week and 12=more than 
once a week. A total Physical Activity Index Score was 
calculated by summing scored responses to these two 
questions (possible range: 0–18). To provide context for 
Physical Activity Index Scores, a binary variable was also 
created, guided by WHO’s physical activity recommenda-
tions. Respondents were categorised as participating in 
moderate or vigorous activity more than once a week, or 
not. According to this approach, Physical Activity Index 
Scores lower than 6 were indicative of physical inactivity; 
scores greater than 9 suggested meeting or exceeding 
WHO’s physical activity recommendations.

sleep disturbance
Sleep disturbances assessed at baseline (2014) were inves-
tigated as a potential moderator of the physical activity 
(2014) and later pain reporting (2016) association. Four 
questions about sleep disturbance type and frequency, 
adapted from the Jenkins Sleep Scale,39 were included in 
the physical health section of HRS: ‘How often do you 
have trouble falling asleep?’ ‘How often do you have 
trouble with waking up during the night?’ ‘How often do 
you have trouble with waking up too early and not being 
able to fall asleep again?’ ‘How often do you feel really 
rested when you wake up in the morning?’ Response 
options were: rarely or never; sometimes; or most of the 
time (reverse coded for the question about feeling rested 
on awakening to ensure consistency with other ques-
tions). Respondents were categorised as never or rarely 
experiencing sleep disturbance if they answered ‘rarely 
or never’ to all questions; sometimes, if they answered 
‘sometimes’ but not ‘most of the time’ to any of these 
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Table 1 Demographic and health characteristics of Health 
and Retirement Study respondents not troubled by pain in 
2014

Unweighted 
frequency (N)*

Weighted 
proportion or 
mean (SE)*

Gender

  Female 5346 51.5% (0.005)

  Male 4482 48.5% (0.005)

  Age (mean and SE) 9828 66.9 (0.3)

BMI

  Underweight/normal 
weight

2816 31.2% (0.006)

  Overweight 3426 38.9% (0.007)

  Obese 1820 20.1% (0.006)

  Obese, BMI ≥35 920 9.9% (0.004)

  Missing data 846 (8.6%)

Race/ethnicity

  White 6371 78.7% (0.01)

  Black 1837 9.6% (0.006)

  Hispanic 1301 8.4% (0.01)

  Other 319 3.4% (0.003)

  Years of school (mean 
and SE)

9792 13.5 (0.08)

  Missing data 36 (0.4%)

Marital status in 2014

  Married 5759 62.6% (0.007)

  Separated or divorced 1644 16.2% (0.005)

  Widowed 1943 14.4% (0.004)

  Never married 481 6.8% (0.004)

  Missing data 1 (0.01%)

Self- rated health

  Excellent 1131 14.0% (0.005)

  Very good 3611 40.6% (0.008)

  Good 3255 30.7% (0.007)

  Fair 1499 12.0% (0.006)

  Poor 323 2.5% (0.002)

  Do not know/refused 9 (0.09%)

History of depression

  Yes 1554 16.8% (0.005)

  No 8203 83.2% (0.005)

  Missing data 71 (0.7%)

History of major disease†

  Yes 3766 35.5% (0.008)

  No 5960 64.5% (0.008)

  Missing data 102 (1.0%)

Alzheimer’s disease or dementia

  Yes 274 2.0% (0.001)

  No 9510 98.0% (0.001)

Continued

questions, and most of the time if they answered ‘most of 
the time’ to any of these questions.

Demographic and health characteristics
Age, gender, race/ethnicity and number of years of school 
education were included as demographic covariates. Five 
health- related covariates were also adjusted for: body 
mass index (BMI), self- reported history of depression 
(‘Has a doctor ever told you that you have had problems 
with depression?’), major disease (self- reported history of 
cancer (any kind except skin), lung disease, heart condi-
tion or stroke), diabetes and arthritis.

stAtIstICAl AnAlysIs
Analyses were conducted using Stata V.15.1 (StataCorp 
LLC, College Station, Texas, USA). HRS sample weights 
were used to correct for unequal probability of selection 
that may have arisen as a result of the multistage sampling 
design. Demographic and health- related characteristics 
were summarised (mean and SE). To investigate whether 
sleep disturbance reported in 2014 moderated the rela-
tionship between level of physical activity at this time and 
incident pain in 2016, logistic regression was performed 
with a Physical Activity Index Score–sleep disturbance 
status interaction term. As the research question focused 
on those with no troublesome pain at baseline, subpopu-
lation estimation was used to compute point and variance 
estimates.40 This ensured that those reporting no pain 
at baseline contributed data to the calculation of effect 
estimates while those with and without pain at baseline 
contributed data to calculation of SEs. In the presence 
of significant interaction (p<0.05), predicted probabil-
ities of reporting pain at follow- up were calculated and 
plotted according to Physical Activity Index Score and 
sleep disturbance status. Models were adjusted for age, 
gender, race/ethnicity, number of years of school educa-
tion, BMI, self- reported history of depression, major 
diseases (self- reported history of cancer (any kind except 
skin), lung disease, heart condition or stroke), diabetes 
and arthritis.

Patient involvement
Patients were not involved in this study and there are no 
plans to disseminate the findings to HRS participants.

rEsults
Descriptive analysis
Of 16 384 HRS respondents, 16 330 (99.7%) answered the 
question about troublesome pain in 2014. Of these, 9828 
(60.2%) reported not being troubled by pain. Baseline 
demographic and health- related characteristics of this 
pain- free sample are presented in table 1. After applying 
sample weights, 51.5% were female, and the mean age 
was 66.9.
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Unweighted 
frequency (N)*

Weighted 
proportion or 
mean (SE)*

  Missing data 44 (0.5%)

Arthritis

  Yes 4653 43.8% (0.008)

  No 5175 56.2% (0.008)

  Diabetes

  Yes 2273 19.9% (0.005)

  No 7486 80.1% (0.005)

  Missing data 69 (0.7%)

Sleep disturbance

  Rarely or never 2131 22.3% (0.006)

  Sometimes 4404 45.9% (0.007)

  Most of the time 3253 31.8% (0.005)

  Missing data 40 (0.4%)

Physical activity

  Moderate or vigorous > 
once a week

5668 62.1% (0.008)

  Moderate or vigorous 
≤1 week

4151 37.9% (0.008

  Missing data 9 (0.09%)

  Physical Activity Index 
Score

9763 9.0 (0.12)

  Missing data 65 (0.7%)

*Unweighted frequencies represent sample counts and weighted 
proportion or mean (linearised SE) represents corresponding 
estimated population values (through sampling weights, 9828 
represent 50 923 453 community- dwelling American adults aged 
50 years and above).
†Major disease defined as having a history of cancer (excluding 
skin), lung disease, heart condition or stroke.
BMI, body mass index.

Table 1 Continued

Demographic and health-related characteristics and incident 
pain
The data on reported pain status were provided by 8513 
(86.6%) respondents in 2016. After applying survey 
weights, an estimated 18.6% (SE=0.005) of the sampled 
population had self- reported incident troublesome 
pain in 2016. This was associated with female gender, 
older age, higher BMI, less education, being separated, 
divorced or widowed, poorer self- rated health, having a 
history of depression, major disease, Alzheimer’s disease 
or dementia, arthritis, diabetes, a higher frequency of 
sleep disturbance and lower levels of physical activity 
(table 2). Having missing data for pain status in 2016 
was associated with older age, higher BMI, Hispanic 
ethnicity, less formal education, being widowed, poorer 
self- rated health, a history of major disease, Alzheimer’s 
disease or dementia and lower physical activity levels in 
2014.

PhysICAl ACtIvIty
37.9% (SE=0.008) of the baseline population partic-
ipated in moderate or vigorous physical activity once a 
week or less. Overall, the mean baseline Physical Activity 
Index Score was 9.0 (SE=0.12). For those participating in 
moderate or vigorous physical activity once a week or less, 
the mean Physical Activity Index Score was 2.5 (SE=0.07); 
for those who reported participating in moderate or 
vigorous activity more than once a week, the mean Phys-
ical Activity Index Score was 12.9 (SE=0.10).

slEEP
22.3% (SE=0.006) of the baseline pain- free sample 
reported rarely or never having sleep disturbance, 45.9% 
(SE=0.007) reported sometimes experiencing sleep 
disturbance and 31.8% (SE=0.005) reported experi-
encing sleep disturbance most of the time.

the association between physical activity and incident 
troublesome pain and the moderating effect of sleep 
disturbance
In models adjusted for pre- specified covariates and strat-
ified by sleep disturbance categories, each one point 
higher on the Physical Activity Index Score (range=0–
18) was associated with a reduced likelihood of trouble-
some pain onset for those who reported ‘never/rarely’ 
having sleep disturbance (OR=0.97, 95% CI 0.94 to 
0.99). The protective effect attenuated with increasing 
frequency of sleep disturbance (sleep disturbance some-
times: OR=0.99, 95% CI 0.97 to 1.01; sleep disturbance 
most of the time: OR=1.01, 95% CI 0.99 to 1.03). In an 
adjusted model that included a Physical Activity Index 
Score–frequency of sleep disturbance interaction term, 
a significant moderating effect of sleep disturbance on 
the Physical Activity Index Score–incident pain associa-
tion was observed (Wald test for the interaction: p=0.02) 
(table 3, figure 1).

DIsCussIOn
This nationally representative prospective cohort of US 
adults shows that self- reported sleep disturbance moder-
ates the association between physical activity and later 
pain. Although higher levels of physical activity were 
associated with reduced likelihood of incident trouble-
some pain among those who reported sleep disturbance 
never, rarely or sometimes, the benefit of higher levels of 
physical activity was not observed for those who reported 
disturbed sleep most of the time.

Previous cross- sectional research has demonstrated 
linear, negative associations between increasing levels of 
exercise frequency, duration and intensity and the pres-
ence of chronic pain.17 Our finding that increasing levels 
of physical activity are associated with a reduced likeli-
hood of later pain reporting is consistent with this and, 
in addition to the prospective nature of our study, we 
have extended the evidence by identifying a moderating 
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Table 2 Physical Activity Index Scores in 2014 and incident pain in 2016 by demographic and health- related factors

 

2014 Physical Activity Index 2016 Incident pain

Weighted mean or B (SE) P value Weighted proportion or OR (SE) P value

Gender

  Female 8.3 (0.1) <0.001 20.1% (0.008) 0.01

  Male 9.6 (0.2) 16.9% (0.008)

  Age B=−0.2 (0.009) <0.001 OR=1.01 (0.004) 0.03

BMI

  Underweight/normal weight 9.9 (0.2) <0.001 15.4 (0.008) <0.001

  Overweight 9.5 (0.2) 16.8 (0.008)

  Obese 8.4 (0.2) 22.5 (0.01)

  Obese, BMI ≥35 6.4 (0.2) 26.7 (0.02)

Race/ethnicity

  White 9.2 (0.1) <0.001 17.9 (0.006) 0.06

  Black 7.7 (0.2) 19.4 (0.01)

  Hispanic 8.4 (0.4) 23.6 (0.02)

  Other 8.7 (0.5) 19.4 (0.03)

  Years of school B=0.5 (0.04) <0.001 OR=0.9 (0.008) <0.001

Marital status

  Married 9.6 (0.2) <0.001 17.5% (0.007) 0.002

  Separated or divorced 9.0 (0.2) 21.2% (SE=0.01)

  Widowed 6.7 (0.2) 21.6% (0.01)

  Never married 7.9 (0.3) 16.5% (0.03)

Self- rated health

  Excellent 12.3 (0.3) <0.001 9.0% (0.01) <0.001

  Very good 9.9 (0.2) 14.9% (0.006)

  Good 7.8 (0.1) 22.9% (0.01)

  Fair 6.0 (0.3) 30.2% (0.02)

  Poor 2.6 (0.2) 34.7% (0.03)

History of depression

  Yes 7.9 (0.3) <0.001 29.3% (0.01) <0.001

  No 9.2 (0.1) 16.3% (0.006)

History of major disease*

  Yes 7.5 (0.1) <0.001 22.8% (0.009) <0.001

  No 9.8 (0.2) 16.4% (0.007)

Alzheimer’s disease or dementia

  Yes 4.1 (0.5) <0.001 30.7% (0.03) <0.001

  No 9.1 (0.1) 18.4% (0.005)

Arthritis

  Yes 8.2 (0.1) <0.001 26.8% (0.007) <0.001

  No 9.5 (0.2) 12.3% (0.006)

Diabetes

  Yes 7.1 (0.2) <0.001 23.1% (0.01) <0.001

  No 9.4 (0.1) 17.5% (0.005)

Sleep disturbance

  Rarely or never 9.9 (0.2) <0.001 11.8% (0.01) <0.001

  Sometimes 9.0 (0.2) 17.0% (0.007)

  Most of the time 8.3 (0.2) 25.7% (0.01)

2014 Physical Activity Index

  Moderate or vigorous >1 week 17.2% (0.006) <0.001

  Moderate or vigorous ≤1 week 21.0% (0.008)

  Physical Activity Index Score OR=0.97 (0.004) <0.001

*Major disease defined as having a history of cancer (excluding skin), lung disease, heart condition or stroke.
B, beta; BMI, body mass index.
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Table 3 Logistic regression analysis investigating the moderating effect of sleep disturbance category on the association 
between 2014 Physical Activity Index Score and likelihood of troublesome pain in 2016*

OR (95% CI) Linearised SE T P

Physical Activity Index Score 0.97 (0.94 to 0.99) 0.01 −2.46 0.02

Sleep disturbance category

Rarely or never Reference

Sometimes 1.14 (0.78 to 1.67) 0.22 0.68 0.50

Most of the time 1.42 (0.99 to 2.05) 0.26 1.92 0.06

Physical Activity Index Score–sleep disturbance category interaction term*

Rarely or never Reference

Sometimes 1.02 (0.99 to 1.06) 0.02 1.18 0.24†

Most of the time 1.05 (1.01 to 1.08) 0.02 2.79 0.01†

Age 0.99 (0.99 to 1.00) 0.004 −1.57 0.12

Gender

Male Reference

Female 1.02 (0.85 to 1.23) 0.10 0.20 0.84

BMI

Underweight/normal weight Reference

Overweight 1.05 (0.88 to 1.26) 0.09 0.57 0.57

Obese 1.36 (1.09 to 1.70) 0.15 2.74 0.01

Obese, BMI ≥35 1.56 (1.22 to 1.99) 0.19 3.63 0.001

Race/ethnicity

White Reference

Black 1.02 (0.85 to 1.22) 0.09 0.22 0.83

Hispanic 1.27 (0.92 to 1.77) 0.21 1.49 0.14

Other 1.28 (0.86 to 1.89) 0.25 1.25 0.22

Years of school 0.95 (0.93 to 0.97) 0.01 −5.13 <0.001

History of depression 1.69 (1.38 to 2.07) 0.17 5.17 <0.001

History of major disease‡ 1.24 (1.02 to 1.51) 0.12 2.22 0.03

Arthritis 2.35 (2.00 to 2.78) 0.19 10.41 <0.001

Diabetes 1.05 (0.92 to 1.21) 0.07 0.73 0.47

*Adjusted analysis: N=8036.
†Wald test statistic for overall interaction: p=0.02.
‡Major disease defined as having a history of cancer (excluding skin), lung disease, heart condition or stroke.
.BMI, body mass index.

effect of sleep disturbance on this association. Given 
our results, it is possible that the beneficial influence of 
physical activity on pain reporting has previously been 
underestimated, and perhaps muted by a proportion 
having unmeasured or unaccounted for chronic sleep 
disturbance.

Mechanisms by which sleep disturbance may impact the 
association between level of physical activity and later pain 
onset are likely multidimensional,41 potentially acting 
as both moderators and mediators. Sleep disturbance, 
including delayed sleep onset, waking up during the 
night and waking up earlier than intended, can be asso-
ciated with reduced total sleep time and, consequently, 
less time spent in non- rapid eye movement slow- wave 
sleep (SWS).42 Adequate SWS is thought to contribute 
to the recuperative function of sleep. A reduced dura-
tion of SWS and, therefore, protracted restorative sleep 

have been shown to reduce next- day performance43 and 
may diminish the beneficial effects of physical activity by 
limiting recovery. Suboptimal sleep also has a negative 
impact on immune function,44 45 and a body of evidence 
supports a case for sleep as essential to recovery after exer-
cise in elite athletes.46–48 It is plausible that similar mech-
anisms may be at play for older adults who participate in 
higher levels of physical activity—within the context of 
disturbed sleep, the benefit of higher levels of physical 
activity may not only be weakened, but may render sleep- 
disturbed individuals more susceptible to poor health 
outcomes.

Focusing exclusively on a working population, Skarpsno 
and colleagues examined the role of both occupational 
and leisure time physical activity on later sleep distur-
bance.49 For those with pain, higher levels of objectively 
measured physical activity (both at work and during 
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Figure 1 The moderating effect of sleep disturbance on the association between physical activity and later incident pain.

leisure time) were associated with a higher prevalence 
of sleep disturbance. Skarpsno and colleagues argue that 
higher levels of occupational physical activity may lead 
to an overload response49 (as described by Sluiter and 
colleagues,50) increasing the probability of sleep distur-
bance. We hypothesise that such an overload response 
may also be pertinent to our observation of the negative 
influence of sleep disturbance on the physical activity–
pain relationship. In the absence of adequate restorative 
sleep, benefits of physical activity may be counterpointed 
by an aggregating overload response. However, with 
a population aged 50 years and above, the motivation 
driving different modes of physical activity may be salient; 
retirees who choose to participate in higher levels of phys-
ical activity may have very different experiences to those 
over 50 in employment, particularly those in physically 
demanding jobs.

We have investigated any sleep disturbance as a moder-
ator of the physical activity–pain onset association. 
However, given that each individual sleep item could be 
argued as representing an independent sleep disturbance 
domain with different implications on pain reporting, 
in post- hoc analysis, we explored the potentially moder-
ating effect of each specific sleep disturbance (trouble 
falling asleep, staying asleep, waking too early, and feeling 
unrefreshed on awakening). The moderating effect was 
most pronounced for trouble falling asleep, and all sleep 
disturbance domains exhibited a similar pattern of effect, 
with the exception that waking too early showed no sign 

of moderating the physical activity–pain onset association 
(online Supplementary file 1). Focused research into the 
moderating effect of specific sleep domains, including 
those not available in the HRS dataset (eg, sleep dura-
tion), are recommended in future research, where more 
granular data collection, including objective assessments, 
could help to comprehensively address questions about 
the impact of specific sleep domains on the physical 
activity–pain onset association.

strengths and limitations
Study strengths are the relatively large sample size, repre-
sentativeness of the data to the American adult population 
≥50 years of age and low attrition rates. The advantages 
of access to and use of this dataset, however, need to be 
balanced against unavoidable limitations. Sleep distur-
bance, physical activity and pain were all assessed by self- 
report and are, therefore, susceptible to recall bias. Given 
the broad nature of response categories for pain and 
sleep disturbances, measurement imprecision may have 
resulted in misclassification that could have biased the 
effect estimates. The HRS questionnaire uses different 
response categories to the Jenkins Sleep Scale and, in 
the absence of comparative data, the validity of these 
items remains open to question. Future validation study 
of HRS sleep item responses against the Jenkins Sleep 
Scale would benefit future sleep- related research that 
uses the HRS dataset. Our pain outcome variable specifi-
cally is broad brush (any troublesome pain, regardless of 

https://dx.doi.org/10.1136/bmjopen-2019-036219
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intensity or duration). However, the use of this outcome 
variable was based on previous research that suggests it is 
a good indicator of pain that interferes with daily activi-
ties.35 Furthermore, it has been shown that pain is often 
reported as mild by people with chronic pain51 52 and we 
would, therefore, have captured these cases using this 
single- item question.

Residual confounding cannot be excluded. We specifi-
cally chose not to take into account the consumption of 
medications for either sleep disturbance or pain in our 
analyses. From a pragmatic point of view, we were inter-
ested in problematic sleep and pain experiences—if they 
were being successfully managed, we considered them 
not to be a current problem. Also, although we adjusted 
for a history of depression, we did not have information 
on whether participants were taking antidepressant medi-
cations. Given potential effects on both sleep and pain 
reporting, collecting this information and including it in 
future analyses is recommended. An additional source 
of potential confounding given the age of the cohort 
is the built environment and living arrangements. In a 
post- hoc sensitivity analysis, we adjusted for nursing home 
status and living arrangements and the interpretation of 
our findings remained unchanged (online supplemen-
tary file 2). Finally, although prospective in design, this 
study only used two assessment time points. To provide 
greater insights into temporal processes, more intensive 
data collection and analysis would add value. Despite 
these limitations, our findings are consistent with existing 
evidence and, we believe, provide support for an argu-
ment to spend the time and finances required by further 
investigation.

Use of objective measures of sleep and physical activity 
that adhere to emerging guidelines53 is recommended. 
Investigation of the possible differential impact of type of 
physical activity and exercise (eg, leisure time or occupa-
tional physical activity; aerobic or strengthening exercise) 
may also prove illuminating. It may also be worthwhile 
to extend these investigations to clinical populations with 
pain (eg, musculoskeletal, cancer and multiple sclerosis) 
to examine whether the sleep–physical activity interac-
tion is also pertinent to the persistence or worsening of 
pain intensity or interference.

COnClusIOn
Sleep disturbance moderated the association between 
physical activity and incident troublesome pain in Amer-
ican adults aged 50 years and above. These findings 
warrant further examination. Replication would provide 
a strong case for integrating sleep health alongside phys-
ical activity recommendations for older adults to promote 
healthy ageing and prevention of pain onset.
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