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Study Objectives: To examine whether change in caregiving status and intensity among community-dwelling older women was associated with sleep 
characteristics at follow-up, and whether perceived stress modified these associations.
Methods: The sample included 800 women aged 65 years or older who completed baseline and second follow-up interviews in the Caregiver-Study of 
Osteoporotic Fractures (Caregiver-SOF). Respondents were categorized into four groups based on change in caregiving status and intensity between the two 
time points: continuous noncaregivers, ceased caregivers, low-intensity caregivers (continuous caregivers with low/decreased intensity), and high-intensity 
caregivers (continuous caregivers with high/increased intensity or new caregivers). Perceived Stress Scale scores at the second follow-up were dichotomized 
into high versus low stress. Sleep outcomes at SOF Visit 8 (which overlapped with Caregiver-SOF second follow-up) included the Pittsburgh Sleep Quality 
Index total score; and actigraphy-measured total sleep time, sleep efficiency, wake after sleep onset, and sleep latency.
Results: Multivariate-adjusted sleep characteristics did not differ significantly across caregiving groups. Among high-intensity caregivers, however, those with 
high stress levels had significantly longer wake after sleep onset (mean 82.3 minutes, 95% confidence interval = 70.9–93.7) than those with low stress levels 
(mean 65.4 minutes, 95% confidence interval = 55.2–75.7). No other sleep outcomes were modified by stress levels. Further, higher stress was significantly 
associated with worse Pittsburgh Sleep Quality Index scores, regardless of the caregiving group.
Conclusions: Overall, sleep characteristics did not differ among noncaregivers, ceased caregivers, or those with high-/low-intensity caregiving among older 
women. However, subgroups of caregivers may be vulnerable to developing sleep problems, particularly those with high stress levels.
Keywords: caregiving, older women, perceived stress, sleep
Citation: Song Y, Harrison SL, Martin JL, Alessi CA, Ancoli-Israel S, Stone KL, Fredman L. Changes in caregiving status and intensity and sleep 
characteristics among high and low stressed older women. J Clin Sleep Med. 2017;13(12):1403–1410.

INTRODUCTION

Caregivers often experience more sleep problems than noncare-
givers. These problems include poorer sleep quality,1,2 shorter to-
tal sleep time,3 lower sleep efficiency,1,3,4 and greater wake after 
sleep onset (WASO).1,3 Sleep problems among caregivers may re-
sult from their involvement in caregiving tasks, as well as greater 
stress and depression associated with caregiving. It is generally 
assumed that psychological distress mediates the relationship be-
tween caregiving and sleep disturbance, yet it may also modify 
the effect of caregiving status or intensity on sleep. Several stud-
ies have found that depressive symptoms5–7 and positive affect8 
modified the association between caregiving and sleep problems, 
but to our knowledge no study has investigated whether perceived 
stress also modifies this association. The current study examined 
whether the effect of changes in the caregiving role (eg, caregiv-
ing status and intensity) on sleep problems differed depending on 
the level of perceived stress among older women.

Perceived stress may modify the association between care-
giving and sleep problems for several reasons. Previous stud-
ies by our group (Caregiver-Study of Osteoporotic Fractures, 
SOF) and others have found that perceived stress influenced 
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mortality risk9 and health-related quality of life10 in popula-
tion-based samples of caregivers and noncaregivers. Caregiv-
ing may increase perceived stress and depressive symptoms. 
Caregivers with depressive symptoms have poorer sleep than 
those without depressive symptoms.5–7 In a longitudinal study, 
caregivers with high levels of depressive symptoms slept 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Current knowledge of sleep 
problems and psychological distress among caregivers are based on 
cross-sectional studies or subjective sleep measures. We examined 
associations between change in caregiving role, and subjective and 
objective sleep characteristics among older community-dwelling 
women, and explored the potential modifying role of stress on 
these relationships.
Study Impact: Sleep characteristics were not associated with 
ceasing caregiving or the intensity of the caregiving role. However, 
among high-intensity caregivers, those with high stress levels 
spent significantly longer time in wake after sleep onset than the 
caregivers with low stress levels. Further studies are needed to 
examine whether relationship between caregiving-related stress and 
caregivers’ sleep would change over time, particularly those with 
high level of perceived stress.
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longer than caregivers with low levels of depressive symp-
toms, whereas no significant difference in sleep was found 
over time in terms of caregiving status.6 In another study, care-
givers had poorer sleep quality than noncaregivers; however, 
this relationship was no longer significant when negative affect 
(ie, depression, hopelessness, perceived stress, and anxiety) 
and perceived social support were accounted.7 Feeling more 
stressed may exacerbate the effect of the caregiving challenges 
(eg, disruptive behaviors, agitation, or apathy in care recipients 
with dementia)11,12 or feeling burdened by caregiving respon-
sibilities6,13,14 on sleep. Understanding how stress may modify 
the relationship between caregiving intensity and sleep prob-
lems would be important for identifying high-risk caregivers 
and areas of intervention to improve sleep in caregivers.

Most studies of caregiving and sleep have been cross-sec-
tional, thereby precluding analysis of whether sleep problems 
existed prior to caregiving.1,4,12,15–17 Assessment of sleep charac-
teristics have primarily focused on subjective measures using a 
variety of patient questionnaires.4,5,12,16 Although self-reported 
sleep quality is important, it does not necessarily correspond 
with objective sleep metrics, and studies show that subjec-
tive18,19 and objective20,21 sleep measures are associated with 
different health outcomes. Studies of caregivers3,6 found dis-
crepancies between self-report and objective sleep, yet both 
types of sleep measures have contributed to our knowledge of 
factors associated with sleep problems in caregivers and non-
caregivers. Studies that include both subjective and objective 
sleep measures may inform intervention strategies that aim to 
improve caregivers’ perceived sleep quality as well as objective 
sleep characteristics, such as WASO.

Moreover, transitions in the caregiving role, due to begin-
ning or ceasing caregiving, or changes in caregiving intensity, 
are associated with changes in perceived stress22 and physical 
function.23 Yet, assessing caregiver status at a single time point 
prevents determining whether moving into and out of caregiving 
roles24,25 or change in caregiving intensity affects sleep.23 The cur-
rent longitudinal study examined associations between change in 
caregiving status and intensity, and subjective and objective sleep 
among older community-dwelling women. It also explored the 
potential moderating role of stress on these relationships.

We hypothesized that caregivers whose caregiving tasks 
increased or remained high, or who became new caregivers 
over 1 year (ie, high-intensity caregiver group) would experi-
ence the worst sleep outcomes, and those who remained low or 
decreased in caregiving intensity (ie, low-intensity caregiver 
group) or who ceased caregiving between annual interviews 
(ie, ceased caregivers) would have moderately worse sleep than 
women who were noncaregivers at both time points (ie, contin-
uous noncaregivers). We also hypothesized that high-intensity 
caregivers would have worse sleep if they experienced high 
levels of stress than those with low levels of stress.

METHODS

Participants
Study participants came from the Caregiver-SOF, an ancillary 
study to the SOF study,26 which is an ongoing, prospective 

multicenter study of women aged 65 years or older that aims 
to evaluate risk factors for osteoporosis, falls, and fractures.26 
Participants were recruited between 1986 and 1988 in 4 ar-
eas of the United States: Baltimore County, Maryland; Min-
neapolis, Minnesota; Monongahela Valley, Pennsylvania; and 
Portland, Oregon. A total of 9,704 white women were enrolled 
and followed with comprehensive clinical visits approximately 
every 2 years. Women were excluded if they were unable to 
walk without the assistance of another person or had a his-
tory of bilateral hip replacement.26 African-American women 
were originally excluded because of the low incidence of hip 
fractures in this group. At SOF Visit 6 in 1997, 662 African 
American women aged 65 years and older who met the same 
inclusion criteria were added to the study. The Caregiver-SOF 
included participants from both SOF cohorts.

Caregiver-SOF is a prospective cohort study that aims to 
compare changes in physical health among informal older 
caregivers (eg, family, friends) and noncaregivers.27 Partici-
pants were identified in two phases. In each phase, a Caregiver 
Screening Questionnaire was administered to SOF partici-
pants to determine if they helped a relative or friend, without 
pay, with any of seven basic activities of daily living (ADLs; 
ie, walking across a room, grooming, transferring from bed to 
chair, eating, dressing, bathing, and using a toilet)28 or seven 
instrumental activities of daily living (IADLs; ie, using a tele-
phone, getting to places out of walking distance, shopping, 
preparing meals, managing medications, managing finances, 
and doing heavy housework)29 because that person was physi-
cally, emotionally, or cognitively unable to do these tasks in-
dependently.30 Caregivers were defined as participants who 
helped one or more persons with one or more ADLs and/or 
IADLs; noncaregivers were participants who did not provide 
help with ADLs and/or IADLs to anyone. One or two noncare-
givers were matched to each caregiver on SOF site, age, race, 
and ZIP code. The baseline Caregiver-SOF sample included 
1,069 participants (375 caregivers and 694 noncaregivers).

Data Collection
Baseline data were collected at Caregiver-SOF baseline (1999–
2001) and at the second annual follow-up interviews (2002–
2004). Sleep data were collected at SOF Visit 8 (2002–2004), 
which overlapped with the second follow-up of the Caregiver-
SOF. The institutional review boards at each SOF site and the 
Boston University Medical Center approved this study. Writ-
ten informed consent was obtained from all participants.

Variables
Study groups
We combined caregiving status with caregiving intensity from 
the Caregiver-SOF baseline and second follow-up interviews to 
create a four-category variable. At each time point respondents 
were classified as caregivers or noncaregivers as described 
previously. Caregiving intensity was determined by the me-
dian number of ADLs and/or IADLs caregivers performed 
for care recipients.23 High-intensity was defined as helping 
with ≥ 2 ADLs, or ≥ 6 IADLs; low-intensity was defined as 
helping with < 2 ADLs and < 6 IADL tasks.23 Participants were 
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categorized as “continuous noncaregivers” if they were non-
caregivers at both interviews, as “ceased caregivers” if they 
were caregivers at baseline but noncaregivers at the second 
follow-up, and as “continuous caregivers” if they were caregiv-
ers at both interviews.

We further created subgroups of the continuous caregivers 
to reflect transitions in caregiver status: high- to low-intensity; 
low- to high-intensity, and noncaregiver to caregiver. Because 
of the small number of participants in these transition groups, 
and finding that their sleep characteristics were similar to 
those of caregivers who were low- or high-intensity continuous 
caregivers, respectively, we combined these groups with the 
continuous caregiver groups as follows. “High-intensity care-
givers” included continuous high-intensity caregivers, those 
who transitioned from low- to high-intensity, and noncare-
givers who became high-intensity caregivers. “Low-intensity 
caregivers” included those who were low-intensity caregivers 
at the second follow-up interview, regardless of their caregiv-
ing intensity at baseline; no noncaregivers transitioned into 
this group. Figure 1 shows transitions of caregiving status and 
intensity from baseline to the follow-up.

Sleep measures
Subjective sleep was measured by the Pittsburgh Sleep Qual-
ity Index (PSQI),31 which assesses self-reported sleep qual-
ity over the past month. Eighteen items are used to generate 
7 component scores: subjective sleep quality, sleep latency, 
sleep duration, habitual sleep efficiency, sleep disturbances, 
use of sleeping medication, and daytime dysfunction, with 0–3 
points for each domain. Component scores and are summed 
for a PSQI total score (range 0–21). Total scores for the PSQI 
were used for these analyses. Objective sleep was measured by 
wrist actigraphy. Participants wore the Sleepwatch-O (Ambu-
latory Monitoring, Inc., Ardsley, New York, United States) on 
their nondominant wrist for a minimum of 3 consecutive 24-
hour periods. Action W-2 software (Ambulatory Monitoring, 
Inc., Ardsley, New York, United States)32 was used to analyze 
the raw data with a validated sleep scoring algorithm.33 Sleep 
diaries were used to identify the nighttime period. Four ac-
tigraphy-measured sleep outcomes were calculated: total sleep 
time (between bedtime and rise time), sleep efficiency (ie, time 
asleep over time between bedtime and rise time), WASO (wake 
time between first sleep onset to rise time), and sleep latency 
(time from bedtime to first onset of sleep).

Perceived stress
The 14-item Perceived Stress Scale34,35 was used to assess the 
frequency of stressful experiences in the past month. Each 
item was rated on a 5-point, Likert-type scale from 0 = never 
to 4 = very often (total score range 0–56; higher scores indicate 
greater stress). For this analysis, respondents were categorized 
as high or low stress based on the cutpoint for the top quar-
tile of the distribution in noncaregivers in the Caregiver-SOF 
sample (total score ≥ 20).9

Covariates
Race and education level were measured at the Caregiver-SOF 
baseline interview. All other covariates were measured at the 

Caregiver-SOF second follow-up interview. Comorbid condi-
tions were based on participants’ self-report that she had ever 
received a diagnosis of: arthritis, diabetes, heart disease, high 
blood pressure, lung disease, or stroke. Respondents were cat-
egorized into those who endorsed 0–1 versus 2 or more co-
morbid conditions. Self-reported use of medication for anxiety 
or depression (yes/no) and for sleep (yes/no) was assessed. 
Participants were asked if they needed help with ADLs and/
or IADLs and a dichotomous variable to indicate if a woman 
reported > 1 ADL and/or IADL limitations was created. De-
pression was measured by the 20-item Center for Epidemio-
logic Studies Depression scale (CESD),36 which assesses the 
frequency of depressive symptomatology during the previous 
week using 4-point Likert items ranging from 0 (rarely or none 
of the time) to 3 (most or all of the time) with total scores of 
0–60 (high scores indicate greater depressive symptoms).

Statistical Analyses
Participant characteristics were compared across caregiving 
intensity groups using analyses of variance and chi-square 
tests. Differences in caregiving characteristics between the 
two continuous caregiver groups (high- versus low-intensity) 
were assessed using t tests and chi-square tests. To examine the 
relationship between caregiving intensity and sleep outcomes, 
we performed age- and multivariate-adjusted linear regression 
models. Covariates for the multivariate models were chosen if 
they were associated with caregiver status at a value of P < .10. 
The Tukey-Kramer pairwise comparison test was used to de-
tect significant differences between caregiver intensity catego-
ries for all sleep outcomes.

The interaction between level of perceived stress and care-
giving intensity group on sleep outcomes was determined by 
including an interaction term. We obtained age- and multivar-
iate-adjusted least square means for the combination of high/
low stress with each caregiving intensity group for each sleep 
outcome. SAS version 9.4 (SAS Institute Inc., Cary, North Car-
olina, United States) was used for all analyses.

RESULTS

Participant Characteristics
Of the 1,069 Caregiver-SOF participants, 269 were excluded 
from analysis (58 deceased, 43 withdrawn from SOF or Care-
giver-SOF, 168 lacked data on key variables), leaving a to-
tal of 800 participants in the analytic sample. These women 
were mainly white (88%) with a mean ± standard deviation 
(SD) age of 81.1 ± 3.5 years. Half the sample had at least two 
medical comorbidities. Compared with the 269 excluded par-
ticipants, those included were more likely to be white, were 
slightly younger, had higher body mass index, fewer ADL and/
or IADL limitations, were taking more sleep medications, and 
had more depressive symptoms, high blood pressure, and ar-
thritis. They did not differ on other variables.

Most participants were continuous noncaregivers (61%); 76 
participants had ceased caregiving between baseline and the 
second follow-up interview; 145 were high-intensity caregivers 
and 91 were low-intensity caregivers. Continuous noncaregivers 
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Figure 1—Flow diagram of study groups (n = 800).

Those who were identified as noncaregivers at baseline and follow-up were categorized as continuous noncaregivers. Those who were caregivers at 
baseline, but noncaregivers at follow-up were categorized as ceased caregivers. Those who were caregivers at baseline and follow-up (either low- or high-
intensity; represented as blue and red in the figure) were categorized as low-intensity caregivers and high-intensity caregivers.
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and ceased caregivers were slightly older and had more medi-
cal comorbidities than the other groups. High-intensity care-
givers were more likely to be white and had greater perceived 
stress than others (Table 1). These caregivers were more likely 
to be caring for a spouse and living with the care recipient than 
low-intensity caregivers (Table 2). Twenty-eight caregivers in 
the high-stress, high-intensity caregiver group (42.4%) were 
caring for a person with dementia, compared to 27% in the 
low-stress, high-intensity caregiver group and 36% in high-
stress, low-intensity caregiver group.

Caregiving Intensity Group and Sleep
The mean number of days between the second follow-up inter-
view and SOF Visit 8 was 354 (SD 258). Poor sleep was common 

across the groups. The mean total PSQI score was 6.1 (SD 3.5), 
indicating poor quality of sleep. Mean ± SD objective sleep 
measures were: total sleep time 6.7 ± 1.3 hours, sleep efficiency 
77.4 ± 12.0%, WASO 74.8 ± 46.2 minutes, and sleep latency 
41.4 ± 41.2 minutes. No significant differences among caregiv-
ing intensity groups were found for subjective or objective sleep 
measures in unadjusted analysis (Table 1) or in age or multivari-
ate adjusted analyses that adjusted for age, race, comorbidities, 
ADLs/IADLs, and perceived stress (results not shown).

Caregiving Intensity Group and Sleep, Stratified by 
Perceived Stress
The interaction term between perceived stress and caregiv-
ing intensity group was statistically significant for objectively 

Table 1—Baseline characteristics by caregiving intensity groups (800 Caregiver-Study of Osteoporotic Fractures participants).
Continuous 

Noncaregivers
(n = 488)

Ceased 
Caregivers

(n = 76)

Low-Intensity 
Caregivers

(n = 91)

High-Intensity 
Caregivers
(n = 145) P 

Age (y), mean ± SD 82.85 ± 3.57 a 82.71 ± 3.66 82.49 ± 3.8 81.93 ± 2.84 a  < .05
Caucasian, n (%) 429 (87.91) 64 (84.21) 75 (82.42) 136 (93.79) .04
Education beyond high school, n (%) 247 (50.61) 42 (55.26) 49 (53.85) 90 (62.07) .11
Medical comorbidities (2 or more), n (%) 263 (53.89) a 34 (44.74) 39 (39.56) a 63 (43.45) .02
Anxiety or depression medication, n (%) 70 (14.34) 11 (14.47) 11 (12.09) 23 (15.86) .88
Sleep medication, n (%) 84 (22.11) 20 (27.03) 12 (13.48) 33 (23.74) .16
Physical limitation

IADL 1+, n (%) 226 (46.31) a 28 (37.33) 30 (32.97) 49 (33.79) a .01
ADL 1+, n (%) 194 (39.75) a 28 (37.33) 22 (24.18) a 45 (31.03) .02
CESD score, mean ± SD 7.27 ± 6.46 8.26 ± 7.12 6.98 ± 6.1 8.18 ± 7.31 .31
PSS score, mean ± SD 15.44 ± 6.84 a 16.67 ± 6.96 15.56 ± 6.65 a 18.69 ± 8.06 a  < .01

Sleep outcomes
PSQI score, mean ± SD 6.01 ± 3.46 6.5 ± 3.86 5.9 ± 3.62 6.28 ± 3.18 .57
Total sleep time (hour), mean ± SD 6.72 ± 1.37 6.57 ± 1.15 6.61 ± 1.11 6.66 ± 1.14 .71
Sleep efficiency (%), mean ± SD 77.04 ± 12.88 77.1 ± 10.7 77.57 ± 9.69 78.61 ± 10.85 .60
Wake after sleep onset (minutes), mean ± SD 77.22 ± 48.24 69.29 ± 42.94 74.28 ± 40.47 69.56 ± 43.7 .24
Sleep latency (minutes), mean ± SD 42.17 ± 44.34 44.46 ± 40.79 38.57 ± 33.22 38.98 ± 34.35 .69

All sleep outcomes measured at SOF Visit 8. P values for continuous data are from an analysis of variance and categorical data from chi-square tests. 
a = P < .05. ADL = activities of daily living, CESD = Center for Epidemiologic Studies Depression scale, IADL = instrumental activities of daily living, 
PSQI = Pittsburgh Sleep Quality Index, PSS = Perceived Stress Scale, SD = standard deviation.

Table 2—Differences in caregiving characteristics between high-intensity and low-intensity caregivers.

Caregiving Characteristic
Low-Intensity Caregivers

(n = 91)
High-Intensity Caregivers

(n = 145) P 
Spouse of care recipient, n (%) 19 (27.54) 80 (68.38)  < .01
Lives with care recipient, n (%) 17 (24.64) 78 (66.67)  < .01
Care recipient has dementia, n (%) 19 (22.35) 42 (29.37) .25
Years of caregiving, n (%)   

1–4 43 (47.25) 63 (43.45)  < .01
5+ 48 (52.75) 61 (42.07)  

Have another caregiver, yes/no, n (%) 54 (60) 69 (47.59) .06
Have regular time away from caregiving, yes/no, n (%) 75 (83.33) 108 (74.48) .11
Numbers of IADLs caregiver helps with (range 0–7), mean ± SD 2.43 ± 1.27 4.85 ± 2.04  < .01
Numbers of ADLs caregiver helps with (range 0–7), mean ± SD 0.32 ± 0.47 2.4 ± 1.83  < .01

P values for continuous data are from t tests and for categorical data are from chi-square tests. ADL = activities of daily living, IADL = instrumental activities 
of daily living, SD = standard deviation.
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measured WASO (P = .03), but not for other sleep outcomes. In 
multivariate-adjusted models (Table 3), among high-intensity 
caregivers, those with high perceived stress had a significantly 
higher WASO than those with low perceived stress: mean 
WASO was 82.3 minutes (95% confidence interval = 70.9–93.7) 
versus 65.4 minutes (95% confidence interval = 55.2–75.7). 
Among participants with high stress, caregiving intensity was 
not associated with either subjective or objective sleep mea-
sures. Perceived stress did not significantly modify other ob-
jectively measured total sleep time, sleep efficiency or sleep 
latency, or PSQI score among caregiving intensity groups. Par-
ticipants with high stress levels reported significantly higher 
PSQI score (indicating poorer sleep quality) than those with 
low stress levels, regardless of caregiving intensity status 
(P < .01).

DISCUSSION

In this sample of older women, high-intensity caregivers (in-
cluding continuous high-intensity caregivers, those whose 
caregiving intensity increased, and new caregivers) did not 
have worse sleep than continuous noncaregivers or other 
groups. This finding is consistent with a recent longitudinal 
study finding that although caregivers reported worse sleep 
quality than noncaregivers at baseline, caregiver status was 
not associated with subjective or objective sleep over 3 years.6 
We also found that among high-intensity caregivers, those ex-
periencing high stress had longer WASO than those with low 
stress. Perceived stress did not modify associations between 
intensity of caregiving with other sleep outcomes. Thus, our 
results partially supported our hypotheses.

There are several possible reasons why we observed no as-
sociation between intensity of caregiving and sleep character-
istics. One reason is that our sleep data were not collected at the 
same time as the Caregiver-SOF second follow-up interview, 
even though they were collected close in time. Other events 

may have occurred between the Caregiver-SOF second follow-
up visit and the sleep assessment that affected sleep outcomes. 
Similarly, the Caregiver-SOF second follow-up visit was con-
ducted 2 years after the baseline interview. Transitions in care-
giver status could have occurred at any point during this period 
and high-intensity continuous caregivers could have adjusted 
to caregiving demands. These factors may have obscured dif-
ferences that might have been observed closer to the transition 
in caregiving intensity. The similar mean PSQI scores across 
all caregiving intensity groups, except for those who ceased 
caregiving, support this possibility. Another reason may be 
that all the groups had poor sleep duration and sleep quality at 
the SOF Visit 8; these findings were similar to those of other 
cohort studies of women aged 70 years or older.37 Poor sleep in 
our participants may be due to their having one or more risk 
factors for poor sleep, such as older age and comorbid condi-
tions. In fact, more than half of SOF participants were 70 years 
or older,26 and half had 2 or more medical comorbidities at the 
Caregiver-SOF baseline interview. In addition, our measure 
of caregiving intensity was based on median number of ADL/
IADL tasks performed, which may have obscured associations 
between very high-intensity caregiving and sleep problems. 
The heterogeneity of our caregivers is both a strength and a 
weakness. We may have seen differences between caregivers 
and noncaregivers if we had restricted our sample to dementia 
caregivers, who are generally more stressed than caregivers 
to persons with other conditions.38,39 Finally, it is possible that 
caregiving intensity are not associated with sleep problems. 
Multiple assessment time points for caregiving intensity with 
a longer follow-up would further our understanding of the as-
sociation between changes in caregiving status and intensity 
and sleep patterns.

Perceived stress significantly modified the effect of high-
intensity caregiving on objectively measured WASO. One 
possible mechanism is that caregivers experience high lev-
els of stress when they lack sufficient resources (eg, family 
network, community-based program availability) to adapt to 

Table 3—Multivariate adjusted associations between the combined effects of perceived stress levels and caregiving intensity 
with sleep at Study of Osteoporotic Fractures Visit 8.

Perceived 
Stress Level

Caregiving Intensity 
Transition Group

PSQI WASO
n LS means SE 95% CI n LS means SE 95% CI

Low Continuous noncaregivers 362 5.60 0.17 5.27, 5.94 352 76.2 2.41 71.4, 80.9
Ceased caregivers 54 5.88 0.44 5.01, 6.74 52 69.7 6.26 57.4, 82.0
Low-intensity caregivers 66 5.69 0.40 4.90, 6.47 63 77.2 5.72 66.0, 88.4
High-intensity caregivers 79 5.59 0.37 4.87, 6.31 76 65.4 a 5.22 55.2, 75.7

High Continuous noncaregivers 125 7.00 0.33 6.36, 7.65 124 75.1 4.12 67.0, 83.2
Ceased caregivers 21 7.71 0.80 6.15, 9.27 21 67.3 9.96 47.7, 86.8
Low-intensity caregivers 25 6.89 0.73 5.46, 8.32 25 72.3 9.14 54.3, 90.2
High-intensity caregivers 66 7.43 0.45 6.54, 8.32 63 82.3 a 5.81 70.9, 93.7

Adjusted for age, race, IADL, ADL, and medical conditions. a = P < .05. CI = confidence interval, LS = least squares, PSQI = Pittsburgh Sleep Quality Index, 
SE = standard error, WASO = wake after sleep onset.
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various caregiving situations,40,41 thus contributing to negative 
health outcomes such as sleep problems. Greater WASO also 
may have resulted from characteristics of the care recipient, 
because high-intensity continuous caregivers were more likely 
to co-reside with their care recipient. These care recipients 
also required assistance with more basic ADLs, which might 
have included assistance with transferring in and out of bed. 
For care recipients who needed assistance during the night, 
this might also have led to longer awakenings for the caregiv-
ers (and therefore increased WASO). Prolonged time awake 
during the night may then have led to increased stress at the 
follow-up time point. More importantly, this is supported by 
the fact that more numbers of high-intensity caregiver groups 
with high stress were caregivers for patients with dementia 
than other groups. Other stress-related factors (eg, biomark-
ers of inflammation) might play a role in sleep and stress in 
complex caregiving situations. Because this finding was sta-
tistically significant only in the high-intensity caregiver group, 
it must be interpreted with caution given that it was nonsignifi-
cant in other groups. The high-intensity caregivers may be at 
elevated risk for stress in the context of prolonged time awake 
during the night. This concept is supported by previous studies 
in which high stress, rather than caregiving per se, was as-
sociated with higher risk of mortality9 and poor health-related 
quality of life.10

Although we found a difference in objective WASO, the 
absence of an effect of perceived stress on self-reported sleep 
quality (PSQI) suggests that time awake at night by itself may 
be a more relevant metric. It is also possible that objective 
WASO varies more over time, whereas a measure of self-re-
ported global sleep quality (PSQI) fluctuates less in response 
to changes in external factors, such as caregiving intensity. 
Actigraphically measured WASO is more strongly correlated 
with polysomnography measured WASO than subjectively 
measured WASO, suggesting it is a more reliable measure 
than, for example, sleep onset latency.42

This study had several limitations. Our sample was limited 
to women aged 65 or older in the United States and most of 
Caregiver-SOF participants were older non-Hispanic white 
women. Thus, the results may not be generalizable to caregiv-
ers who are younger women, male, non-white, or older women 
in other cultural groups. Considering that most informal care-
givers in the United States are older women, however, our find-
ings are likely relevant to most United States caregivers. In 
these analyses, we measured perception of global stress be-
cause it applied to both caregivers and noncaregivers; however, 
caregiving-specific measures would also be informative.9,10 
This study also did not conduct polysomnographic screening; 
thus, we were unable to identify and exclude participants with 
sleep apnea from our analyses. Given the higher prevalence of 
sleep apnea in older women,43 we cannot rule out potential ef-
fect of this on our study findings.

This study also had notable strengths. To our knowledge, 
this was the first study to examine the relationship between 
caregiving intensity over time with sleep outcomes. This study 
was conducted in a large, multisite community-based longi-
tudinal study, and caregivers and noncaregivers came from 
the same population, which reduces potential biases that may 

result from recruiting caregivers and noncaregivers from sepa-
rate sources.9,41 Our study used rigorous, task-based methods to 
categorize caregiving status over time. Additionally, this study 
measured sleep using both self-report and objective actigraphy 
measures.

In conclusion, we found no association between transitions 
in caregiving status and intensity over time and sleep charac-
teristics, nor effect modification by perceived stress, with the 
exception of WASO in high-intensity caregivers among older 
women. Further studies are needed to evaluate the relationship 
between caregiving-related stress and sleep over time in the 
subgroups of caregivers (eg, those with high levels of stress, 
those caring for dementia patients). Studies are also needed 
to determine whether stress reduction interventions could im-
prove sleep in older female caregivers.

ABBRE VI ATIONS

ADL, activities of daily living
CESD, Center for Epidemiologic Studies Depression scale
IADL, instrumental activities of daily living
PSQI, Pittsburgh Sleep Quality Index
SD, standard deviation
SOF, Study of Osteoporotic Fractures
WASO, wake after sleep onset
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