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Study Objectives: To investigate the temporal association between chronic musculoskeletal pain (CMP) and sleep in women who are postmenopausal in 
a 10-day actigraphic study. This is a microlongitudinal study in which 52 participants were allocated to 4 groups women who are postmenopausal: control 
(CTRL, n = 10), chronic musculoskeletal pain (CMP, n = 12), insomnia (INS, n = 15) and chronic musculoskeletal pain+insomnia (CMP+INS, n = 15).
Methods: All volunteers underwent a clinical interview and completed questionnaires, used an actigraph, and kept sleep diaries for 10 consecutive days.
Results: Women in the CMP+INS group presented more sleep episodes (mean of 1.02 episodes) and longer sleep latency (8.97 minutes), as well as 
higher pain intensity during the day compared to the other groups. Sleep duration recorded by actigraphy directly predicted pain intensity the following 
morning on waking, with a 1-unit increase in pain intensity, for every 6.9 minutes more of sleep. Higher pain intensity at bedtime was a significant predictor 
of both increased time in bed and sleep duration, meaning that for each 1-unit increase in pain intensity at bedtime, sleep duration increased by an average 
of 6.7 minutes.
Conclusions: Data showed that the coexistence of insomnia and CMP results in greater pain intensity and alterations in sleep homeostasis. Collectively, the 
data indicate that there is a bidirectional and directly proportional relationship between sleep duration and pain intensity in women who are postmenopausal 
with insomnia. This result strongly suggests that both sleep and pain conditions should be targeted in the treatment of women who are postmenopausal.
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INTRODUCTION

Many women who are postmenopausal have insomnia (INS) 
and chronic musculoskeletal pain (CMP), which, along with 
vasomotor symptoms, are considered hallmarks of menopausal 
symptomatology.1,2 Few studies have investigated the relation-
ship between sleep and daily CMP, exploring the influence of 
sleep disorders on pain and vice versa, through temporal as-
sociations. These types of studies, called sequential analyses, 
temporal associations, or temporal pattern analyses, verified 
the interaction of variables (sleep and pain) in prediction mod-
els. Generally, they were longitudinal (ie, months to years) or 
microlongitudinal (hours to days) studies, so that the predic-
tion models can be verified over time and the direction of cau-
sality can be postulated.

Actigraphy has been increasingly used to investigate 
the sleep-pain relationship by objectively estimating sleep 
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variables and assessing temporal associations. The first stud-
ies were performed in women with fibromyalgia and showed 
a sequential relationship between sleep and pain: a night of 
poor sleep was followed by a painful day, and a more pain-
ful day preceded a night of poorer sleep.3 Later, an investiga-
tion of patients with INS and CMP of both sexes focused on 
the evaluation of their sleep-wake cycle for 2 consecutive days 
using actigraphy, sleep diaries, and questionnaires.4 Shorter 
sleep duration, frequent awakenings, and decreased sleep ef-
ficiency were associated with severe INS.4 In a study of the bi-
directional relationship between sleep and pain in women with 
chronic pain, a disturbed night of sleep preceded the report of 
increased pain on the following day.5 In turn, after a day of 
higher pain perception, the following night of sleep was dis-
turbed.5 Collectively, these data support the widely accepted 
idea that the relationship between sleep-pain is bidirectional, 
with pain disrupting sleep and sleep deprivation or disturbance 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Pain and sleep are thought to share a reciprocal relationship. In sleep disorders such as insomnia, there is an 
increase in pain sensitivity and a decrease in pain thresholds. Although women who are postmenopausal often have insomnia and chronic pain, there 
is a lack of studies addressing these two factors in this specific population.
Study Impact: The findings highlight the association between chronic musculoskeletal pain and insomnia in women who are postmenopausal, as 
increased sleep duration was a predictor of increased pain intensity upon waking, and more pain at bedtime predicted both increased time in bed 
and sleep duration. Our results introduce a novel concept about the bidirectional relationship between pain and sleep in relation to women who are 
postmenopausal that should be further investigated in future studies.
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increasing pain, one influencing the other and becoming dif-
ficult to dissociate in clinical practice.

This relationship has already been explored in several ex-
perimental and clinical studies with polysomnography, and 
also in review studies.6–9 However, inconsistent data related 
to the changes in sleep pattern under CMP conditions empha-
sized the uncertainty of this bidirectional association.10,11

Recently, there has been an increased focus on the tempo-
ral associations between sleep and pain, the results of which 
have suggested that sleep disturbances are more significant 
predictors of pain than in the opposite direction.9,12,13 A study 
examining the influence of the previous night’s sleep on pain 
reports estimated sleep variables through actigraphy for 7 
days in a sample of both sexes with CMP and INS.14 Although 
daytime pain did not influence nighttime sleep variables, im-
paired sleep quality was a consistent predictor of pain during 
the following day. Presleep pain predicted self-reported poor 
sleep quality, but not as measured by actigraphy.14 Addition-
ally, pain ratings upon waking and throughout the day were 
predicted by perceived worse sleep quality the previous night. 
This study adds to the evidence that sleep problems may be 
a more reliable and stronger predictor of pain than pain is of 
sleep problems.15 Therefore, the so-called bidirectional associ-
ation appears to be stronger between sleep and pain, than that 
between pain and sleep—which challenges the often-assumed 
bidirectional relationship and demands that we reconsider 
this relationship.

A longer actigraphy-estimated sleep measures study inves-
tigated women with nighttime pain for 27 consecutive days 
along with the use of a sleep diary and questionnaires. Their 
sample consisted of women at different stages of female re-
productive life (self-reported premenopausal, menopausal, 
and postmenopausal transition). The women were allocated 
into two groups: a group with night pain and a group with no 
complaints of night pain. Both groups had similar character-
istics, except in respect of the reproductive stage: the group 
with pain had more women who were postmenopausal. The 
authors found that the report of night pain was associated with 
reduced sleep efficiency, feeling unrested after waking up and, 
contrary to most studies on sleep-pain, they found longer sleep 
duration in the group of women with nighttime pain. Women 
who reported vasomotor symptoms showed increased move-
ment during sleep and greater sleep fragmentation, and also 
reduced sleep efficiency.16

There have been no temporal investigations into the re-
lationship between CMP and sleep in women who are post-
menopausal. Taking into consideration its complexity, the aim 
of this study was to investigate the temporal relationship be-
tween sleep and CMP in women who are postmenopausal over 
a 10-day period. Our previous study analyzed sleep patterns in 
women who are postmenopausal with CMP and identified a bi-
directional relationship between sleep and pain using a cross-
sectional design, meaning that it was not possible to indicate 
the direction of causality.17 In this microlongitudinal study, we 
hypothesized that reduced actigraphy estimated sleep vari-
ables would predict increased pain intensity at all moments of 
the day (on waking, at midday, and before bedtime). Addition-
ally, we expected that women who are postmenopausal with 

both INS and CMP would be more affected than those with 
only one of these conditions in terms of both pain and sleep.

METHODS

Ethical Aspects
The study was approved by the Ethics Committee of our In-
stitution (#786.299/2014). It was reviewed and carried out ac-
cording to the Declaration of Helsinki. Recruitment took place 
between February 2015 and October 2016.

Participants
A total of 355 women were assessed for eligibility to take part 
in the study, with 52 being selected after applying the inclusion 
and exclusion criteria (Figure 1). The inclusion criteria were 
as follows: women age 50 to 65 years; presenting at least 1 year 
of amenorrhea; follicle-stimulating hormone (FSH) concentra-
tions ≥ 30 mIU/mL; agreed to undergo a clinical diagnosis; no 
hormonal therapy in the previous 6 months; and a body mass 
index (BMI) < 30 kg/m2. Noninclusion criteria were: answering 
positively to three or more items in the STOP-Bang question-
naire, a screening tool for obstructive sleep apnea18; self-report 
of uncontrolled clinical diseases (diabetes, hypertension, renal 
and other cardiovascular diseases); self-report of neurologic 
disorders (neuropathies, stroke, Parkinson disease); psychiatric 
disorders; use of psychoactive drugs such as hypnotics, anti-
depressants, anxiolytics, benzodiazepines and central nervous 
system stimulants; attending psychotherapy, physiotherapy, 
or treatments for INS and/or pain; shift work; and illiteracy. 
Exclusion criteria were: the presence of other sleep disorders 
diagnosed by polysomnogram examination (narcolepsy, ob-
structive sleep apnea evidenced by an apnea-hypopnea index 
(AHI) ≥ 15 events/h, periodic limb movements (PLMs) > 15 
events/h and parasomnias), actigraphy misuse, malfunction, or 
missed recordings.

Procedures
This investigation comprised four appointments. In the first 
one, participants provided written informed consent and so-
ciodemographic data on age, marital status, ethnicity, monthly 
income, and educational level. They also completed:

1.	 The Insomnia Severity Index (ISI), which assesses 
sleep onset, sleep maintenance and terminal INS, 
dissatisfaction with current sleep pattern, interference 
with daily functioning, and degree of distress or 
concern caused by the sleep problem19;

2.	 The Nordic Musculoskeletal Questionnaire (NMQ), 
which identifies participants who have had chronic 
CMP complaints for more than 12 months20;

3.	 The morningness-eveningness questionnaire, which 
establishes the circadian preference of the participants 
as morning, intermediate, or evening type.21,22

They were also instructed on how to keep the pain intensity 
diary, which participants had to complete 3 times a day upon 
waking, at midday, and before bedtime for 10 consecutive days 
using a visual analog scale (0 “no pain”, 10 “worst imaginable 
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pain”)23; and the vasomotor symptoms diary, which partici-
pants had to complete before going to bed, recording the num-
ber of hot flashes and night sweats of the previous day and 
night (from 0 to 9 or more than 10) for 10 days.

A clinical evaluation was also performed in which weight 
and height were measured (allowing for the calculation of 
BMI; kg/m2), and information was collected on tobacco and 
alcohol consumption, the presence of self-reported comorbidi-
ties such as hypertension, diabetes, and osteoporosis, and the 
type of menopause (spontaneous or surgical) and its duration 
Postmenopausal stage was classified according to the Stages 
of Reproductive Aging Workshop criteria.24 The participants 
were also given instructions on how to use the actigraph.

At the second appointment, the participants returned their 
actigraphy device, sleep diary, and pain and vasomotor symp-
toms diaries. At the third appointment, the participants under-
went basal polysomnography (PSG) to exclude sleep disorders 
and to compare sleep patterns among the groups. On the morn-
ing after PSG recording, blood was drawn from a peripheral 

forearm vein to evaluate fasting hormone levels after an over-
night fast of 12 hours. The blood was collected in appropri-
ate tubes according to the required laboratory tests and FSH 
was measured using the acridinium-ester chemiluminescence 
method (Advia Centaur; Siemens Healthcare Diagnostics Inc, 
Tarrytown, New York, United States). Only those participants 
with an ISI ≥ 15 were invited for a fourth appointment, for a 
clinical consultation to confirm the INS diagnosis.

Wrist Actigraphy and Sleep Diaries
Actigraphy can provide unique information regarding tempo-
ral interrelations between sleep and pain, and has become a 
leading modality to assess the state of sleep and objective INS. 
While not appropriate for the diagnosis of sleep-disordered 
breathing or PLMs, multiday actigraphy is highly appropriate 
for examining nightly variability in INS of patients in their 
home environment, with their regular habits and routine. Re-
duced night-to-night variability obtained from actigraphy can 
reflect improved sleep stability and be an objective measure 

Figure 1—Study flowchart.

AHI = apnea-hypopnea index, BMI = body mass index, FSH = follicle-stimulating hormone, HIV+ = human immunodeficiency virus, PLMi = periodic limb 
movement index.
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of sleep quality. In addition, actigraphy is useful to investi-
gate individual preferences regarding sleep and waking times, 
which is hypothesized to be a behavioral manifestation of un-
derlying circadian rhythms. Morningness (early sleep timing) 
and eveningness (late sleep timing) are the extremes of these 
individual preferences.

An actigraph is a wristwatch-like device loaded with a min-
iaturized acceleration sensor25–27 that quantifies physical mo-
tions. The resulting sleep-wake pattern of actigraphy shows 
sleep status including sleep onset time, considered as 10 con-
secutive minutes of no arm movement (hour and minutes), and 
sleep offset time (hour and minutes). Time in bed was consid-
ered as sleep duration plus awakenings, from initial sleep onset 
to sleep offset (in minutes); sleep duration was the total amount 
of sleep without awakenings (in minutes); sleep efficiency 
was calculated as sleep duration divided by time in bed (as a 
percentage); sleep latency was measured as the time between 
bedtime and falling asleep (in minutes); and wake after sleep 
onset (WASO) was the time spent awake between initial sleep 
onset and final sleep offset (in minutes).28 Sleep episodes were 
defined as awakenings that lasted for at least 1 minute.

The actigraph (Motionlogger Watch, Ambulatory Monitor-
ing, Inc., United States) was worn on the non-dominant wrist 

(de Souza et al.29) by the participants, concurrently with the 
completion of sleep diaries,26,29 to provide a behavioral assess-
ment in their home environment.

Actigraphy data were collected in 1-minute sampling ep-
ochs, using the zero-crossing mode,29 and sleep-wake variables 
were calculated using the Motionlogger WatchWare software 
1.45.0.5 (Ambulatory Monitoring Inc., United States). The 
analyses were performed using ActionW 2.6 software (Ambu-
latory Monitoring Inc.) by a blinded investigator (CF).

Participants were requested to wear the actigraph for 10 
consecutive days, only removing it during bathing. Partici-
pants were instructed to push the event button at bedtime and 
wake time to create a marker in the data to be scored. Sleep 
diaries were used to set the parameters for total time in bed in 
the actigraphy software. When the participant did not push the 
event button, sleep onset/offset was considered to occur after 
10 minutes of no arm movement from the time recorded in the 
sleep diary.29

Actigraphy has been validated by demonstrating its agree-
ment with polysomnographic recordings.25,30 About 5 to 7 
nights are considered reliable for estimating total sleep time.31 
We used 10 days to compare weekdays and weekends. All vari-
ables related to sleep were calculated using the Cole-Kripke 
algorithm.32 The number of episodes of sleep was not included 
in the ActionW software package; this was calculated using the 
SPSS 18 package.

Sleep Pattern By PSG Examination
In order to assess objective sleep patterns and to exclude vol-
unteers with other comorbid sleep disorders we performed 
a full-night basal PSG examination. We used a digital sys-
tem (EMBLA N7000, Embla Systems Inc., Broomfield, 
Colorado, United States) during their usual sleep time. The 
following physiological variables were evaluated: electroen-
cephalogram, electrooculogram (bilateral), electromyogram, 

electrocardiogram (derivation D2 modified), airflow detec-
tion by a thermocouple and by nasal pressure, respiratory ef-
fort using thoracic and abdominal x-trace belts, snoring and 
body position by EMBLA sensors, and pulse rate by an EM-
BLA oximeter. All PSG were visually scored by a registered 
and trained PSG technologist, blinded to group allocation. 
All sleep stages, electroencephalogram arousals, leg move-
ments, and respiratory events were scored according to the 
guidelines of the American Academy of Sleep Medicine.33,34

Definition of Groups
The presence of CMP was established through the application 
of the NMQ, with the participants categorized into those with 
no symptoms and those presenting symptoms (CMP at ≥ 1 
body site). The presence of INS was established through appli-
cation of the ISI, with those with a score ≥ 15 having a clinical 
consultation with a gynecologist specializing in sleep medi-
cine. A diagnosis of INS was confirmed in all cases, according 
to the Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition criteria. Participants were then categorized into 
four groups based on complaints of CMP and INS diagnosis: 
CTRL, healthy postmenopausal controls without CMP and 
without INS; CMP, participants presenting CMP complaints 
without insomnia; INS, participants presenting an insomnia 
disorder diagnosis without CMP; and CMP+INS, participants 
having both conditions.

Statistical Analysis
The demographic and clinical characteristics of the participants 
as well as sleep variables were summarized using descriptive 
statistics. One-way analysis of variance followed by Tukey 
post hoc test was used to compare PSG variables among the 
groups. Generalized Estimation Equations (GEE)35 analyses 
were performed to test predictive models for (1) previous night 
sleep pattern (number of sleep episodes, sleep duration, sleep 
time, sleep efficiency, sleep latency, and WASO) on pain inten-
sity (on waking, at midday, and before bedtime); and (2) pain 
intensity (on waking, at midday, and at bedtime) on each of the 
aforementioned sleep variables. For sleep duration and sleep 
efficiency of the previous night, the assumption of normality in 
the data distribution was not violated as for the other sleep and 
pain variables, and thus the mixed linear model,36 also known 
as the multilevel model or hierarchical linear model, was used. 
Models were run using parameter estimation and inference to 
account for the correlations in the data due to repeated assess-
ments across days within individuals.

Our choice of a GEE approach allowed the examination of 
temporal associations among variables while taking into ac-
count the correlations among outcome measurements within 
individuals. Furthermore, GEE is a semiparametric approach 
and relies less on explicit distributional assumptions. GEE 
allows the incorporation of the dependency between the ob-
servations of the same individual resulting from the repeated 
measurements carried out over time. In this study, the func-
tions of identity bonding, normal marginal distribution, and 
an autoregressive dependence structure of order 1 between the 
observations of the same patient were adopted. Although this 
model admits normal marginal distribution, the GEE allows 
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the relaxation of the normality assumption in the distribution 
of the dependent variables. The mixed linear model36 integrates 
the effect of each patient as a random effect, accepting a pos-
sible dependence between the observations of the same indi-
vidual. Unlike GEE, whose intercept is a constant, this model 
presents a random intercept that incorporates the specific char-
acteristics of each participant. This model assumes normality 
in the data, which was verified using the Kolmogorov-Smirnov 
test. Initially, all predictor variables were included in the 
model, then the nonsignificant variables at 5% were excluded 
one by one in order of significance (backward method). Data 
analyses were conducted using the STATA command ‘‘xtgee’’ 
(STATA version 12 SE, StataCorp, College Station, Texas, 
United States), and the Statistical Package for the Social Sci-
ences (SPSS) Version 22.0 (SPSS 22.0). Statistical significance 
was set at P ≤ .05.

RESULTS

Sociodemographic and Clinical Information
From a total of 75 women who entered the protocol, 52 were el-
igible and were allocated into four groups: CTRL, CMP, INS, 
and CMP+INS (Figure 1). Table 1 depicts the homogeneity of 
the sample.

Actigraphy Sleep and Wake Time Characteristics
Analyzable actigraphy data were obtained from 52 par-
ticipants, and a total of 82.7% of women had data for all 10 
nights, and 96.2% for 6 nights or more, including weekdays 
and weekends.

To assess whether the groups differed in respect of rhyth-
mic behaviors of sleep and wake times we performed the GEE 
models including for the effects of the interaction between 
groups and weekdays/weekends. The groups presented sta-
tistically similar rhythmic behaviors in respect of bedtime on 
weekdays (P = .434), bedtime per group (P = .429), weekdays 
effect (P = .093) and interaction between groups and weekdays 
(P = .434). Wake times on weekdays were not different between 
the groups (P = .076). When analyzing pooled data, partici-
pants woke up 35 minutes earlier on weekdays than at week-
ends (P = .042) (Table 2).

Circadian Preferences
No statistical differences were found in circadian preferences 
between the groups (χ2 = 5.257; df = 6; P = .511), with no differ-
ences between evening-type, intermediate and morning-type 
in our sample.

Vasomotor Symptoms
No statistical differences were found in vasomotor symptoms 
between the groups (P = .421), as our entire sample comprised 
women in the late postmenopausal stage with more than 8 
years postmenopause.24

Self-Reported Pain Etiology
CMP was a result of the following disorders: plantar fasciitis, 
elbow and shoulder tendinitis, hip and shoulder bursitis, carpal 

tunnel syndrome, low back pain, cervical spine pain, ankylos-
ing spondylitis, temporomandibular disorder, and hand, shoul-
der, arm, back, knee, hip, leg, and foot pain.

Sleep Pattern (PSG)
From the 52 volunteers who had actigraphy examination, 
37 underwent PSG examination. We observed an increased 
apnea-hypopnea index (AHI) in the group with both comor-
bidities, indicating mild obstructive sleep apnea37 (OSA), 
compared to the control and to CMP group. Clinically, all the 
groups in our sample of women who are postmenopausal had 
impaired sleep with a short sleep duration of < 360 minutes; 
reduced stage N2 sleep, indicating attempts to maintain sleep; 
and increased WASO, evidence of sleep fragmentation. All 
groups, except the CMP+INS group, had poor sleep efficiency 
(< 85%), indicating nonrestorative sleep and increased stage 
N3 sleep, indicating more time in deep sleep. All groups, ex-
cept the CMP group, had increased rapid eye movement sleep 
latency, indicating more time to enter rapid eye movement 
sleep stage (Table 3).

Actigraphy Measured Nighttime Sleep Variables as a 
Predictor of Pain Intensity
For pain intensity upon waking, at midday and before bed-
time, according to the adjusted model of GEE, we found in-
creased pain intensity at all moments for the CMP+INS group 
(Figure 2). For pain intensity upon waking, GEE models evalu-
ated the previous night’s sleep (number of sleep episodes, time 
in bed, sleep duration, sleep efficiency, sleep latency, WASO) 
as a predictor of pain intensity on the following morning. Three 
models showed statistically significant temporal associations 
between increased sleep duration and pain (P = .003) (Table 4). 
Both groups with CMP, the CMP group (P = .002) and the 
CMP+INS group, (P = .002) remained significant in the final 
model, meaning that they were associated with higher reports 
of pain intensity on the following morning. For each additional 
minute of sleep, participants reported a 0.002 increase in pain 
intensity upon waking. Only the CMP and CMP+INS groups 

Figure 2—Actigraphy nighttime sleep as a predictor of pain 
intensity upon waking, at midday and before bedtime in the 
adjusted model of Generalized Estimation Equations (P < .05).

CMP = chronic musculoskeletal pain, INS = insomnia.
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presented increased risk of pain (1.90 more) compared to the 
CTRL group, with no significant difference in pain between 
the CTRL and INS groups.

For pain intensity at midday, only the CMP (P = .049) and 
CMP+INS (P < .001) groups remained significant in the final 
model. Therefore, CMP and CMP+INS presented more pain 
(0.97 and 2.33 more, respectively) than the CTRL group. There 

was no statistical difference in pain intensity at midday be-
tween the CTRL and INS groups.

As shown in Table 4, no nighttime sleep variables were 
a significant predictor of pain intensity at bedtime. Only 
CMP (P = .010) and CMP+INS (P < .001) remained signifi-
cant in the final model. The CMP and CMP+INS groups pre-
sented a higher risk of pain intensity (1.35 and 2.58 higher, 

Table 1—Sociodemographic, clinical characteristics, and actigraphy variables of the control (CTRL), chronic musculoskeletal 
pain (CMP), insomnia (INS), and chronic musculoskeletal pain+insomnia (CMP+INS) groups.

 CTRL (n = 10) CMP (n = 12) INS (n = 15) CMP+INS (n = 15)
Age (years) 59.20 ± 4.18 58.42 ± 3.58 59.93 ± 2.99 56.53 ± 4.69
BMI (kg/m2) 24.35 ± 3.55 26.09 ± 2.77 25.56 ± 3.02 25.98 ± 2.33
Marital status

Single 20.0 (2) 33.3 (4) 13.3 (2) 20.0 (3)
Married 20.0 (2) 33.3 (4) 26.7 (4) 46.7 (7)
Divorced/Separated 40.0 (4) 33.3 (4) 33.3 (5) 26.7 (4)
Widowed 20.0 (2) 0.0 (0) 26.7 (4) 6.7 (2)

Race/ethnicity
White 70.0 (7) 75.0 (9) 46.7 (7) 60.0 (9)
Black 0.0 (0) 8.3 (1) 20.0 (3) 13.3 (2)
Asian 0.0 (0) 0.0 (0) 0.0 (0) 13.3 (2)
Biracial 30.0 (3) 8.3 (1) 20.0 (3) 13.3 (2)
Indian 0.0 (0) 8.3 (1) 13.3 (2) 0.0 (0)

Income (R$, monthly)
Less than1 to 2 MS 20.0 (2) 25.0 (3) 26.7 (4) 6.7 (1)
More than 2 to 5 MS 40.0 (4) 66.7 (8) 66.7 (10) 60.0 (9)
More than 5 to 10 MS 20.0 (2) 8.3 (1) 0.0 (0) 6.7 (1)
More than 10 MS 20.0 (2) 0.0 (0) 6.7 (1) 26.7 (4)

Education level
High school 10.0 (1) 25.0 (3) 13.3 (2) 13.3 (2)
Elementary school 20.0 (2) 16.7 (2) 46.7 (7) 33.3 (5)
Higher education 40.0 (4) 58.3 (7) 26.7 (4) 40.0 (6)
Postgraduate 30.0 (3) 0.0 (0) 13.3 (2) 13.3 (2)

Tobacco 0.0 (0) 16.7 (2) 0 (0) 6.7 (1)
Time since menopause (years) 8.60 ± 4.57 9.17 ± 4.45 9.47 ± 5.09 8.67 ± 7.43
Type of menopause

Spontaneous 90.0 (9) 91.7 (11) 93.3 (14) 93.9 (14)
Surgical 10.0 (1) 8.3 (1) 6.7 (1) 6.7 (1)

Self-reported comorbidities
Hypertension 20.0 (2) 16.7 (2) 73.3 (11) 33.3 (5)
Diabetes mellitus 20.0 (2) 16.7 (2) 33.3 (5) 13.3 (2)
Osteoporosis 0.0 (0) 16.7 (2) 0.0 (0) 20.0 (3)

Time in bed (minutes) 477.39 ± 92.80 459.46 ± 109.50 479.12 ± 124.15 486.22 ± 118.93
Sleep duration (minutes) 442.16 ± 90.10 412.22 ± 100.75 433.80 ± 116.39 446.49 ± 111.38
Sleep efficiency (%) 89.19 ± 17.57 85.77 ± 19.98 89.38 ± 14.56 85.33 ± 18.82
Sleep latency (minutes) 15.55 ± 13.36 20.76 ± 22.23 21.51 ± 21.76 24.48 ± 22.31
WASO (minutes) 14.64 ± 14.18 20.44 ± 17.67 22.24 ± 22.30 24.48 ± 22.31
Sleep episodes (number) 1.75 ± 1.18 2.19 ± 1.64 2.30 ± 1.34 2.81 ± 1.63

Data presented as mean ± standard deviation or % (n). All volunteers declared not having consumed alcohol in the previous 3 months. Sleep data presented 
as 10-day mean. Reference values for actigraph sleep variables are: sleep duration > 440 minutes, sleep efficiency > 92%, sleep latency < 12 minutes, 
WASO < 25 minutes, and number of sleep episodes < 1.8.45 BMI = body mass index, MS = minimal salary in Brazilian currency (Reais), WASO = wake 
after sleep onset.
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respectively) than control groups. There was no statistical 
difference in pain intensity at bedtime between the CTRL 
and INS groups.

Pain Intensity as a Predictor of Actigraphy Measured 
Nighttime Sleep Variables
Higher pain intensity during the day was not a significant pre-
dictor of sleep episodes (Table 5). Only the CMP+INS group 
presented more pain (1.02 more, on average) than the CTRL 
group (P = .002). No statistically significant differences were 
found between other groups.

Pain intensity at bedtime was a significant predictor of time 
in bed (P = .007), meaning that the greater the pain at bedtime, 
the greater the time in bed (6.7 minutes longer for each 1-unit 

increase in pain intensity). Higher pain intensity at bedtime 
also predicted increased sleep duration (P = .007). The greater 
the pain intensity at bedtime, the greater the sleep duration (6.9 
minutes longer for each 1-unit increase in pain intensity). The 
group with the highest pain intensity at bedtime was the CMP 
group (P = .020), which presented decreased sleep duration, 
36.2 minutes less than other groups.

Sleep efficiency and WASO were not predicted by pain 
intensity at any of the three times, suggesting that pain be-
fore bed had little effect on sleep efficiency and WASO in 
the 10-night period. However, a marginal significance was 
observed for WASO (P = .058), with all groups presenting 
reduced WASO time on weekdays, although this was not 
statically significant (Table 5).

Table 2—Actigraphy mean sleep time and wake time of control (CTRL), chronic musculoskeletal pain (CMP), insomnia (INS), 
and chronic musculoskeletal pain+insomnia (CMP+INS) groups.

CTRL (n = 10) CMP (n = 12) INS (n = 15) CMP+INS (n = 15) Entire Sample P

Mean SD Median Mean SD Median Mean SD Median Mean SD Median Mean SD Median Group Weekday Group × 
Weekday

Sleep time (hh:mm)

.429 .093 .434
10-day mean 23:35 3:31 23:04 23:42 2:51 23:17 0:28 5:51 23:38 22:51 2:40 22:49 23:39 4:02 23:16 
Weekdays 23:38 3:28 23:04 23:34 2:50 23:16 0:26 5:31 23:32 22:46 2:40 22:36 23:36 3:54 23:11 
Weekend 23:27 3:46 23:21 0:02 2:56 23:34 0:32 6:45 24:00 23:03 2:40 23:17 23:45 4:21 23:31 

Wake time (hh:mm)

.562 .042 .076
10-day mean 7:08 1:39 7:11 7:45 2:04 7:13 7:45 2:32 7:27 7:49 2:38 7:18 7:39 2:19 7:17 
Weekdays 6:57 1:35 7:09 7:50 2:13 7:26 7:29 2:10 7:11 7:38 2:35 7:09 7:30 2:13 7:12 
Weekend 7:40 1:46 7:39 7:35 1:38 7:05 8:28 3:15 8:15 8:12 2:43 7:36 8:02 2:32 7:40 

Generalized Estimation Equations models with identity function, normal marginal distribution, and an autoregressive dependence structure of order 1 among 
the observations of the same patient. Data presented in hours and minutes, from a total of 10 mean days of actigraphy recording. SD = standard deviation.

Table 3—Polysomnography mean ± standard deviation variables among control (CTRL), chronic musculoskeletal pain (CMP), 
insomnia (INS), and chronic musculoskeletal pain+insomnia (CMP+INS) groups (n = 37).

CTRL (n = 8) CMP (n = 10) INS (n = 12) CMP+INS (n = 7) P
TST (minutes) 331.6 ± 45.5 345.8 ± 57.7 321.7 ± 57.7 322.7 ± 66.6 .801
Sleep latency (minutes) 38.1 ± 47.7 47.1 ± 56.0 38.4 ± 56.0 19.9 ± 11.9 .602
REM sleep latency (minutes) 136.1 ± 57.3 117.5 ± 80.2 121.2 ± 80.2 131.3 ± 107.1 .960
Wake after sleep onset (minutes) 74.8 ± 29.7 57.4 ± 38.7 91.2 ± 38.7 105.7 ± 64.4 .180
Sleep efficiency (%) 75.2 ± 12.5 77.2 ± 13.6 71.2 ± 13.6 72.3 ± 13.6 .716
Stage N1 sleep (%TST) 10.6 ± 2.2 14.1 ± 8.1 12.1 ± 8.1 12.9 ± 5.6 .681
Stage N2 sleep (%TST) 42.5 ± 5.0 39.4 ± 5.3 40.5 ± 5.3 38.5 ± 11.1 .735
Stage N3 sleep (%TST) 28.5 ± 7.9 28.8 ± 7.4 27.9 ± 7.2 21.5 ± 9.7 .285
Stage R sleep (%TST) 18.3 ± 4.0 20.2 ± 4.5 19.1 ± 4.4 21.2 ± 6.5 .680
Arousal index (events/h) 15.2 ± 3.7 17.3 ± 9.6 14.1 ± 9.6 17.7 ± 18.6 .845
Apnea-hypopnea index (events/h) 1.7 ± 2.1 2.2 ± 1.7 4.7 ± 1.7 6.1 ± 3.4 * § .015
Respiratory disturbance index (events/h) 4.7 ± 3.6 7.6 ± 5.8 7.6 ± 5.8 9.0 ± 4.5 .265
Periodic limb movement index (events/h) 0 ± 0 0.9 ± 1.4 1.3 ± 1.4 0.8 ± 1.5 .293

One-way analysis of variance followed by Tukey post hoc test. * = P < .05 compared to control group; § = P < .05 compared to the CMP group. Reference 
values of polysomnography are: total sleep time (TST) (variable within person); sleep latency, the length of time in minutes it takes to transits from wake to 
sleep (< 30 minutes); rapid eye movement (REM) sleep latency, the length of time in minutes to enter REM sleep (90–120 minutes); wake after sleep onset 
(WASO), the amount of time in minutes spent awake after sleep has been initiated (sleep fragmentation - up to 30 minutes); sleep efficiency, the ratio of 
total sleep time to the total amount of time spent in bed in percentage (> 85% of TST); stage N1 sleep (up to 5% of TST); stage N2 sleep (45% to 55% of 
TST); stage N3 sleep (slow wave sleep or delta sleep - up to 23% of TST); stage R sleep (20% to 25% of TST); arousal index, the number of awakenings 
per hour; apnea-hypopnea index, indicates the mean number of obstructive apneas and hypopneas per hour of sleep (< 5 events/h); respiratory disturbance 
index, the index of respiratory disorders during sleep; and periodic limb movement index, number per hour of involuntary movement of limbs during sleep 
(< 15 events/h).33
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Pain intensity during the day was not a significant predictor 
of sleep latency, and remained significant in the final model only 
in the CMP+INS group (P = .006), meaning that CMP+INS 
presented higher sleep latency, 8.97 minutes more on average 
than the CTRL group. There were no significant differences in 
pain between the CMP P = .120) and INS (P = 0.106) groups 
compared to the CTRL group (Table 5).

DISCUSSION

To the best of our knowledge, this is the first study to explore 
the relationship between CMP and sleep, particularly in rela-
tion to INS, using nightly objective measures in women who 
are postmenopausal. In our sample, increased sleep duration 
predicted higher pain intensity upon waking. Pain upon wak-
ing and at midday did not predict sleep variables, but higher 
pain intensity at bedtime predicted more time in bed and in-
creased sleep duration, creating a cyclical relationship. These 
findings were contrary to our expectations. We had hypoth-
esized that reduced sleep duration would predict higher pain 

intensity at all moments of the day (on waking, at midday, and 
before bed), and that this higher pain intensity would have in 
turn predicted reduced sleep duration.

Although there is more evidence linking reduced sleep or 
sleep deprivation with increased pain,11,38–41 there are some 
studies that question this.14,15 In the Study of Women Across 
the Nation, the authors investigated women with and without 
pain during sleep.16 Higher nighttime pain severity was associ-
ated with longer sleep duration and reduced sleep efficiency. 
Women reporting nighttime pain averaged 5.2 to 12.1 minutes 
more sleep than women with no pain.16 In our study, for each 
additional minute of sleep duration there was a reported 0.002 
increase in pain intensity upon waking. Although this find-
ing was statistically significant, it is important to note that the 
strength of the sleep-pain association was small.

Our findings are in accordance with other studies that show 
that increased awakenings and decreased sleep efficiency were 
related to INS.4 Increased pain during the day was reported 
after an impaired night of sleep, and a day of increased pain 
perception predicted a disturbed night of sleep.5 As in our in-
vestigation, greater pain intensity during the day did not predict 

Table 4—Actigraphy measured nighttime sleep variables as a predictor of pain intensity upon waking, at midday 
and before bedtime.

 Unadjusted Model Fully Adjusted Model
 Coefficient (SE) P Coefficient (SE) P
Pain Intensity Upon Waking

Number of sleep episodes −0.03 (0.06) .609 – NS
Time in bed (minutes) 0.000 (0.01) .990 – NS
Sleep duration (minutes) 0.002 (0.01) .534 0.002 (0.001) .003
Sleep efficiency (%) −0.007 (0.01) .147 – NS
Sleep latency (minutes) 0.005 (0.04) .198 – NS
WASO (minutes) −0.002 (0.05) .678 – NS
Weekday (ref.weekend) −0.25 (0.13) .058 – NS
Constant 0.27 (0.59) .644 −0.49 (0.43) .256

Pain Intensity at Midday
Number of sleep episodes 0.01 (0.05) .845 – NS
Time in bed (minutes) 0.006 (0.01) .060 – NS
Sleep duration (minutes) −0.005 (0.01) .082 – NS
Sleep efficiency (%) 0.004 (0.01) .243 – NS
Sleep latency (minutes) −0.002 (0.01) .603 – NS
WASO (minutes) −0.001 (0.05) .848 – NS
Weekday (ref.weekend) 0.02 (0.16) .921 – NS
Constant −0.57 (0.61) .351 0.43 (0.29) .142

Pain Intensity Before Bedtime
Number of sleep episodes −0.02 (0.06) .712 – NS
Time in bed (minutes) 0.006 (0.005) .231 – NS
Sleep duration (minutes) −0.005 (0.005) .253 – NS
Sleep efficiency (%) 0.005 (0.003) .139 – NS
Sleep latency (minutes) 0.001 (0.003) .814 – NS
WASO (minutes) −0.007 (0.005) .217 – NS
Weekday (ref. weekend) −0.10 (0.12) .422 – NS
Constant −0.16 (0.46) .736 0.42 (0.23) .074

498 observations from 52 cases. CMP = chronic musculoskeletal pain, NS = nonsignificant, ref = reference, SE = standard error, WASO = wake after sleep onset.
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nighttime sleep variables, but impaired sleep quality was a pre-
dictor of pain during the next day.16 Consequently, we notice 
that the quality of sleep is affected, as well as its quantity.

There has not yet been an explanation of the link between 
increased sleep duration and increased pain and a description 

of the mechanism that could be responsible for such a rela-
tionship. Our findings raise the question of whether increased 
sleep duration could be the result of an (unsuccessful?) attempt 
by the body to reduce pain. We might expect that individuals 
with chronic pain could obtain relief through more sleep, and 

Table 5—Pain intensity upon waking, at midday, and before bedtime as a predictor of actigraphy measured 
nighttime sleep variables.

Unadjusted Model Fully Adjusted Model
Coefficient (SE) P Coefficient (SE) P

Number of Sleep Episodes
Pain intensity upon waking −0.03 (0.05) .521 – NS
Pain intensity at midday 0.0003 (0.06) .996 – NS
Pain intensity at bedtime 0.0052 (0.06) .930 – NS
Number of vasomotor symptoms −0.0022 (0.04) .962 – NS
Weekday (ref. weekend) 0.20 (0.12) .098 – NS
Constant 1.65 (0.23)  < .001 1.79 (0.24) < .001

Time in Bed
Pain intensity upon waking −1.77 (3.76) .638 – NS
Pain intensity at midday 0.92 (4.43) .835 – NS
Pain intensity at bedtime 8.42 (4.21) .046 6.66 (2.46) .007
Number of vasomotor symptoms −2.14 (2.11) .312 – NS
Weekday (ref. weekend) −15.88 (11.62) .172 – NS
Constant 486.82 (14.83)  < .001 466.2 (6.54) < .001

Sleep Duration
Pain intensity upon waking −0.48 (3.51) .891 – NS
Pain intensity at midday 0.62 (4.14) .882 – NS
Pain intensity at bedtime 6.67 (3.93) .090 6.90 (2.61) .008
Number of vasomotor symptoms −3.11 (1.97) .114 – NS
Weekday (ref. weekend) −12.29 (10.86) .257 – NS
Constant

Sleep Efficiency
Pain intensity upon waking 0.54 (0.79) .493 – –
Pain intensity at midday −0.16 (0.59) .790 – –
Pain intensity at bedtime 0.31 (0.58) .594 – –
Number of vasomotor symptoms −0.55 (0.54) .313 – –
Weekday (ref. weekend) 0.26 (1.57) .869 – –
Constant 89.69 (2.49)  < .001 – –

Sleep Latency
Pain intensity upon waking −0.69 (0.55) .214 – NS
Pain intensity at midday 0.59 (0.55) .280 – NS
Pain intensity at bedtime 0.25 (0.66) .701 – NS
Number of vasomotor symptoms 0.13 (0.53) .811 – NS
Weekday (ref. weekend) 1.91 (1.93) .321 – NS
Constant 14.15 (2.47)  < .001 15.5 (1.91) < .001

WASO
Pain intensity upon waking −0.38 (0.47) .423 – –
Pain intensity at midday −0.07 (0.55) .902 – –
Pain intensity at bedtime 0.45 (0.41) .269 – –
Number of vasomotor symptoms 0.45 (0.49) .364 – –
Weekday (ref. weekend) −3.83 (2.02) .058 – –
Constant 16.99 (3.87)  < .001 – –

CMP = chronic musculoskeletal pain, NS = non-significant, ref = reference, SE = standard error, WASO = wake after sleep onset.
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that this was, therefore, an adaptation strategy to cope with 
pain. Another possible hypothesis is that the increase in sleep 
duration reflects a lack of restorative sleep, because those with 
higher pain levels had difficulty maintaining sleep, which re-
sulted in increased sleep on the following night (recovery sleep).

In respect of the other sleep variables from our actigraphy 
data, for all groups we found decreased sleep efficiency, in-
creased WASO, and increased sleep episodes in line with re-
cent evidence in women in midlife.16 These examples of sleep 
fragmentation may be caused by extended time in bed or long 
sleep, which have been linked to increased WASO and sleep 
latency.42–44 Part of our sample was composed of longer sleep-
ers, as the CMP and CMP+INS groups had sleep durations 
(hours:minutes) of 8:03 and 8:58, respectively, compared to 
the 7:33 of the CTRL group, and the 7:17 of the INS groups. 
Another possibility is that dysregulation of circadian rhythms 
could increase sleep pressure during the day and increase sleep 
duration over 24 hours. However, actigraphy data showed sim-
ilar rhythmic behaviors over the 10 days (Figure 3). In addi-
tion, we also found no statistically significant differences in 
circadian preferences or in actigraphy wake and bedtimes.

Our study has some limitations. First, actigraphy data es-
timate the sleep-wake cycle parameters and may have over-
emphasized the sleep duration. In addition, PSG data must be 

interpreted with caution as they might not reflect the typical 
daily sleep of the participants and may reflect a period of ad-
aptation that is unrepresentative of usual sleep patterns. An-
other limitation is that pain was self-reported, which could 
have underestimated or overestimated the results, as we did 
not have clinical diagnoses of the pain etiology. We believe that 
a combination of both measures (objective and subjective ones) 
would better represent the dimensions of musculoskeletal pain. 
The final limitation of our study is that there was an altered ob-
jective sleep pattern indicative of impaired sleep quality across 
the sample, even in the CTRL group. The PSG examination of 
the sleep patterns in the women who are postmenopausal found 
that they had short sleep duration, decreased sleep efficiency, 
disturbed sleep stages, and sleep fragmentation. Furthermore, 
we found a slightly elevated AHI in the CMP+INS group, but 
with no diurnal repercussions, as the participants presented 
no complaints during a physician consultation, which means 
that OSA was not diagnosed, despite the higher AHI. Pain and 
OSA are commonly associated. AHI is a potential variable that 
could influence sleep fragmentation and therefore the sleep-
pain relationship. Patients, in general, who presented with both 
chronic pain and OSA, seem to have worse clinical symp-
toms. In addition, both OSA and INS predispose individuals 
to chronic pain or to the worsening of painful conditions. Our 

Figure 3—Examples of the actograms for control (CTRL), chronic musculoskeletal pain (CMP), insomnia (INS), and chronic 
musculoskeletal pain+insomnia (CMP+INS) groups.
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investigation raises the question of the possible importance of 
a mild but probably significant sleep related breathing disor-
der, as shown by the increased AHI, but without a diagnosis of 
OSA due to the moderate level of the AHI lack of associated 
symptoms in women postmenopause.

We analyzed actigraphy data collected for 10 consecutive 
days in women who are postmenopausal and took intraindi-
vidual and interindividual variability into account. The large 
number of observations (498 observations) provided by this 
cross-sectional study delivered sufficient statistical power to 
control for the effects of some covariates known or suspected 
to be associated with sleep and pain. Our findings refute our 
previous hypothesis that reduced estimated sleep variables 
would predict increased pain intensity at all moments of the 
day. Instead, we found increased estimated sleep duration pre-
dicting pain upon waking, and increased pain at bedtime pre-
dicting increased time in bed and sleep duration. Our findings 
do, however, corroborate our hypothesis that women who are 
postmenopausal and with CMP+INS would be more affected 
in terms of both pain and sleep. These results are significant 
and should be explored in future studies. They reflect the need 
to investigate pain and sleep disorders when treating women 
who are postmenopausal and call for a reevaluation of current 
thinking on this subject.

ABBRE VI ATIONS

AHI, apnea-hypopnea index
BMI, body mass index
CMP, chronic musculoskeletal pain
CTRL, control
CMP+INS, chronic musculoskeletal pain plus insomnia
FSH, follicle-stimulating hormone
GEE, Generalized Estimation Equations
INS, insomnia
ISI, Insomnia Severity Index
NMQ, Nordic Musculoskeletal Questionnaire
PLM, periodic limb movement
PSG, polysomnography
WASO, wake after sleep onset
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