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and objective sleep measures may show little congruency in 
dementia caregivers.14,15

Performing in-home full-night PSG, we found shorter to-
tal sleep time (TST) and lower sleep efficiency in spousal Al-
zheimer disease (AD) caregivers than in their non-caregiving 
counterparts.16 Further analysis showed that nighttime TST was 
particularly short in the group of older AD caregivers (> 71 
years of age) as opposed to the group of younger caregivers.12 
The effect of age on caregiver sleep concurs with data show-
ing that sleep becomes generally poorer with increasing age.17 
In contrast, women in the community report more sleep com-
plaints than men,18 but male AD caregivers showed a greater 
amount of wake after sleep onset (WASO) on PSG than female 
AD caregivers.19 Actigraphy studies have shown less sleep per-
cent and greater amount of WASO, but similar nighttime TST, 
in AD caregivers compared to non-caregiving controls.15 More-
over, compared to controls, sleep percent showed an inverse 
association with circulating levels of the proinflammatory cy-
tokine interleukin (IL)-6 in caregivers, even after controlling 
for age, body mass index (BMI), antihypertensive medication, 
smoking, physical exercise, and role overload,15 all of which 
may affect caregiver sleep.5,6 The relation of higher IL-6 levels 
with lower nighttime sleep percent is consistent with studies 
linking low-grade chronic systemic inflammation, including 
elevated circulating levels of IL-6 and tumor necrosis factor 
(TNF)-α, to poor sleep.20 Interleukin-6 and TNF-α are stress 
responsive,21 and IL-6 was shown to be elevated both cross-
sectionally22 and longitudinally23 in AD caregivers relative to 

INTRODUCTION
Providing informal care to a family member with demen-

tia compromises caregivers’ mental and physical health,1-4 
including sleep.5,6 Poor sleep is linked to many other health 
problems in dementia caregivers, such as depression, poor 
quality of life, and cardiovascular disease.5-10 Dementia care-
giver sleep has previously been measured in subjective and 
objective terms, including self-rated questionnaires to assess 
perceived sleep quality, full-night polysomnography (PSG), 
and actigraphy to assess sleep-wake activity.5,6 Study results 
may vary depending on the sleep measures used and efforts 
made to consider the many demographic, medical, lifestyle, 
and psychological factors affecting sleep. For instance, de-
mentia caregivers commonly report more subjective sleep 
complaints (e.g., greater Pittsburg Sleep Quality Index [PSQI] 
global scores) than non-caregiving controls,11,12 but this dif-
ference is largely explained by caregiver burden and depres-
sion.13,14 Actigraphy seems less influenced by depression than 
self-reported sleep,14 helping to explain in part why subjective 
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Demographic and Health Assessment

Sociodemographic factors
We collected information on age, gender, ethnicity, years of 

education (reflecting socioeconomic status), and years of care-
giving.

Medical data
Participants were provided a list of 17 health problems and 

were asked to indicate whether a doctor had informed them 
that they currently have or have ever had each problem. Posi-
tive items were summed to indicate a total number of health 
problems. Body mass index (BMI) was calculated based on 
subjects’ self-report of weight and height by dividing weight in 
kilograms by the square of height in meters.

Health behaviors
Alcohol consumption during the last month was assessed 

by multiplying the number of days participants self-reported at 
least one alcoholic drink by the number of alcoholic drinks they 
usually drank on those days (total score 0-36). The Rapid As-
sessment of Physical Activity (RAPA) scale was used to assess 
participants’ amount of physical activity at varying intensity 
(i.e., light, moderate, vigorous) in a typical week (total score 
0-6).26 Smoking status was defined as ever smoked (i.e., former 
or current smoking) vs. never smoked (only 2 participants were 
current smokers at the baseline assessment).

Psychological distress
Role overload with life responsibilities was rated using a 

4-item scale27; for example, “you work hard (as a caregiver) but 
never seem to make any progress.” Average responses to each 
item (1 = not at all, 4 = completely) were used to create a total 
overload score (range 1-4). The short form of the Center for 
Epidemiologic Studies-Depression scale (CESD-10) was used 
to assess the level of depressed mood.28

Cytokines
Circulating concentrations (pg/mL) of IL-6 and TNF-α were 

determined in duplicates from stored EDTA plasma samples 
using enzyme-linked immunosorbent assays per the manufac-
turers’ instructions (Meso Scale Discovery, Gaithersburg, MD). 
Intra- and inter-assay coefficients of variation were < 5% and 
10%, respectively.

Sleep Assessment

Subjective sleep characteristics
We assessed self-rated sleep with the interviewer-adminis-

tered Pittsburg Sleep Quality Index (PSQI) comprising 19 items 
yielding a global PSQI score ranging from 0-21 points.29 Higher 
scores indicate poorer self-rated sleep quality, whereby patho-
logical difficulties with sleep are reflected by a score > 5.

Objective sleep characteristics
Actigraphy was used to assess nighttime total sleep time 

(TST), nighttime wake after sleep onset (WASO), nighttime 
sleep percent, and daytime TST. Participants wore the Sleep-
Watch-O actigraph (Ambulatory Monitoring, Inc., Ardsley, NY) 

non-caregiving controls. As a whole, this research suggests that 
low-grade inflammation, as kindled by the chronic stress of 
caregiving, might impair sleep in AD caregivers.

To our knowledge, all published studies on dementia caregiv-
ers’ sleep to date have utilized a cross-sectional design.6 Sleep 
assessment over time may also illuminate sleep effects of major 
transitions in the caregiving situation, such as permanent place-
ment of the AD spouse in a nursing home or death of the spouse. 
Therefore, compared to non-caregiving control subjects, we ex-
amined subjective and objective sleep characteristics longitu-
dinally using the PSQI and actigraphy in community-dwelling 
elderly spousal AD caregivers over a period of up to three years 
and adjusting for important covariates of sleep. We additionally 
investigated the effects of placement or death of the AD spouse on 
caregivers’ sleep. As not all caregivers react the same way to these 
transitions, either psychologically or biologically,24,25 we aimed to 
identify potentially moderating variables of transition effects on 
sleep characteristics. Specifically, we hypothesized a decline in 
sleep quality at three months after a transition in relatively older 
and male caregivers, and in those caregivers with greater levels of 
depressive symptoms, role overload, and IL-6 and TNF-α.

MATERIALS AND METHODS

Study Participants and Design
We recruited community-dwelling spousal AD caregivers and 

non-caregiving married controls into the University of Califor-
nia, San Diego (UCSD) “Alzheimer’s Caregiver Study,” which is 
investigating health consequences of dementia caregiving stress. 
Referrals came from the UCSD Alzheimer’s Disease Research 
Center, community support groups, agencies serving caregivers, 
local senior citizen health fairs, and other participants. Caregi-
vers and controls were matched in terms of age (≥ 55 years) and 
gender. Exclusion criteria were current major illnesses (e.g., can-
cer), blood pressure > 200/120 mm Hg, and certain medications 
(i.e., oral anticoagulants, nonselective β-blockers, and steroids).

Participants underwent in-home assessments every 12 months 
for a period of up to 3 years (i.e., for a maximum of 4 visits). Re-
search staff also made brief follow-up phone calls every 3 months 
to check for caregiver transitions and changes in health status. Par-
ticipants were additionally asked to call research staff whenever 
there was a transition in their caregiving situation or health status. 
If the caregiver had placed the AD spouse in a long-term care fa-
cility or the AD spouse had died, staff set up an appointment for 
the post-transition assessments, which occurred at 3, 15, and 27 
months after the transition. A research nurse gathered sociodemo-
graphic, medical, and psychosocial data using questionnaires. For 
cytokine assessment, participants had their blood collected bet-
ween 10:00 and 10:45 AM. Fasting state was not a requirement in 
order to not interfere with caregivers’ daily routine.

Out of the total enrollment of 186 study participants (126 
caregivers, 60 non-caregiving controls), 109 caregivers and 53 
controls had complete baseline data. Because a major focus of 
the study was to examine the effect of spousal death on demen-
tia caregivers’ sleep, we additionally excluded 5 non-caregivers 
whose spouse had died during the study period, leaving a final 
sample of 157 subjects (109 caregivers, 48 controls). All parti-
cipants provided written informed consent to the protocol ap-
proved by the UCSD Institutional Review Board.
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baseline, gender, education, number of health problems, BMI, 
alcohol consumption, physical activity, smoking status, num-
ber of years caregiving, role overload, depressive symptoms, 
IL-6 levels, TNF-α levels, placement status of the AD spouse 
(yes, no), and deceased status of the AD spouse (yes, no). Of 
these, the number of health problems, BMI, alcohol consump-
tion, physical activity, smoking status, years caregiving, role 
overload, depressive symptoms, IL-6 levels, TNF-α levels, and 
placement and deceased status of the AD spouse were all en-
tered as time-varying. Random intercepts were modelled for 
participants. A significant effect of placement and/or spousal 
death would mean a change in the intercept of a sleep variable 
as a function of the transition (i.e., from pre- to post-transition).

Because we also hypothesized that the effect of caregiving sta-
tus and transitions in the caregiving situation on sleep would be 
moderated by demographic factors, psychological distress, and 
levels of proinflammatory cytokines, we probed for interactions 
between caregiver status and transitions on the one hand, and age, 
gender, role overload, depressive symptoms, IL-6, and TNF-α 
values on the other. For significant interactions, we applied the 
Holmbeck method37 to test whether high levels (+1 SD from the 
mean) vs. low levels (−1 SD from the mean) of a continuously 
scaled moderator variable would alter the association of caregiv-
ing status and caregiving transitions with the sleep measures.

The 157 subjects contributed 450 assessments. Sleep data 
were complete in 98.0% for PSQI globe score and in 90.7% for 
actigraphy measures. Per the study design, data for all of the 
fixed effect variables were complete in 100% of assessments. 
Time-variant variables were complete in 100% of cases for 
physical activity; in 97.6% for health problems, BMI, alcohol 
consumption, smoking status, role overload, and depressive 
symptoms; in 95.6% for TNF-α levels; and in 94.2% for IL-6 
levels. In this ongoing study, of the enrolled 109 caregivers 
and 48 non-caregivers, 105 caregivers and 47 non-caregivers 
contributed data at the 12-month follow-up; 80 caregivers and 
37 non-caregivers contributed data at the 24-month follow-up; 
and 17 caregivers and 7 non-caregivers contributed data at the 
36-month follow-up. Four dropouts each occurred before the 
12-month and 24-month assessments; i.e., 2 caregivers had 
passed away, and 3 caregivers and non-caregivers each were no 
longer eligible because of various reasons (i.e., had developed 
severe physical disease, no longer interested in participating in 
the study, questionable consent).

RESULTS

Baseline Characteristics of Study Participants
The mean age ± SD of all participants was 75 ± 8 years (range 

55-90); 68% were women. The sample comprised 92% Cauca-
sians and 8% other ethnicities. Caregivers had been providing 
care to their AD spouse for an average of 4.5 ± 3.5 years (range 
0.5-17.1). Table 1 shows that caregivers and controls were simi-
lar in terms of sociodemographic factors, medical data, cytokine 
levels, and health behaviors, except physical activity, which was 
lower in caregivers. Expectedly, caregivers had greater levels of 
role overload and depressive symptoms than their non-caregiv-
ing counterparts. In terms of sleep measures assessed at base-
line, PSQI scores were higher in caregivers than in controls. In 
addition, the PSQI score of the caregivers was above the cut-off 

on the non-dominant wrist for 3 consecutive 24-h periods (i.e., 
72 h). The actigraph data represent averages of the 3 consecutive 
night and day periods, respectively. Missing data occurred due 
to battery failure, participants neglecting to remove the watch 
for bathing, or participants removing the watch prematurely. 
The device detects movement via a piezoelectric bimorph-ce-
ramic cantilever that generates a voltage each time the actigraph 
is moved. Voltages are gathered continuously and summarized 
over 1-min intervals. We report data based on digital proportion-
al integration (PIM) mode.30 Of the different modes to collect 
actigraph data, the standard PIM modality corresponds best with 
PSG measures in older adults.31 ActionW-2 software (Ambula-
tory Monitoring, Inc., Ardsley, NY) was used to analyze actigra-
phy data.32 Participants also completed a sleep log on which they 
were asked to record bed time and wake time as well as intervals 
during which the actigraph was removed for particular activities 
like showering or bathing. This information was utilized in edit-
ing the actigraph records as previously described.33

Data Analysis
Data were analyzed with PASW 18.0 statistical software 

package (SPSS Inc., Chicago, IL). Level of statistical signifi-
cance was set at P ≤ 0.05 (2-tailed). Before performing analy-
ses, PSQI scores, WASO, sleep percent, and daytime TST were 
square root transformed, and IL-6 and TNF-α values were log 
transformed to approximate a normal distribution as verified by 
the Kolmogorov-Smirnov test. Seven IL-6 values (log IL-6 > 
1.182 pg/mL) and 2 TNF-α values (log TNF-α > 1.307 pg/mL) 
remained > 3 SDs above the log transformed sample mean and 
were deleted as outliers. Independent-samples t-test and χ2 test 
were used to compare caregivers and non-caregivers on base-
line characteristics. Pearson correlation coefficients were calcu-
lated to estimate the associations between sleep characteristics 
at baseline. For clarity, all data are shown in original units.

We conducted a mixed (random-effects) regression analysis 
to examine the impact of caregiver status (i.e., caregivers vs. 
non-caregiving controls) and caregiver transitions (i.e., place-
ment and death of the AD spouse) on sleep. Mixed model re-
gression is a powerful analysis that allows one to estimate an 
intercept and slope for each participant based on all available 
data for that individual (i.e., even when some data points are 
missing across assessments), augmented by the data from the 
entire sample.34 In other words, all estimates are computed based 
on the total number of observations that are contributed by the 
157 subjects across the entire study period. We tested 5 sleep 
variables, each as outcomes in a separate multivariate model 
without making adjustments of P-values for multiple compari-
sons. This approach is preferred if the data under evaluation 
are not random numbers but actual observations in nature, as 
it limits the possibility that true knowledge advancing non-null 
associations go undetected.35 To increase the interpretability 
of regression coefficients and to diminish problems associated 
with multicollinearity, we centered independent variables be-
fore conducting analysis,36 except for “time” (in years), which 
was linear in nature with the baseline assessment coded as 
“0.” Linear variables were centered around their grand means. 
Dummy coded categorical variables were centered at −0.5 
(e.g., non-caregivers) and +0.5 (e.g., caregivers). The model 
included the following fixed effects: caregiving status, age at 
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tigraphy measures at baseline. PSQI scores did not significantly 
correlate with actigraphy measures at baseline in caregivers 
(nighttime TST: r = −0.15, P = 0.12; nighttime WASO: r = 0.09, 

P = 0.33; nighttime sleep percent: r = −0.15, 
P = 0.12; daytime TST: r = 0.10, P = 0.32) or 
in non-caregivers (nighttime TST: r = 0.07, 
P = 0.64; nighttime WASO: r = 0.13, P = 0.38; 
nighttime sleep percent: r = −0.09, P = 0.52; 
daytime TST: r = 0.15, P = 0.30).

Transitions in the Caregiving Situation
Over the course of the study, 30 (27.5%) 

caregivers placed their spouse in a long-term 
care facility and 19 (17.4%) experienced the 
death of their spouse. The initial post-transition 
assessments occurred at 3 months following 
placement or death of the AD spouse. The re-
maining assessments took place approximately 
12 months (11 placements, 10 deaths) or 24 
months (2 placements, 1 death) later.

Predictors of Change in Sleep over Time
Table 2 shows the multivariate model for 

the 5 sleep measures. Caregivers did not sig-
nificantly differ from non-caregivers in any 
of the 5 sleep measures over time (i.e., main 
effect for caregiver status). Absolute values 
of sleep measures for caregivers vs. non-care-
giving controls with the total number of con-

of 5, suggesting that caregivers fell into the pathological sleep 
range, while that of the non-caregivers was in the normal range 
(i.e., below 5). There were no group differences in terms of ac-

Table 1—Characteristics of 157 study participants at baseline

Variables
Caregivers 
(n = 109)

Non-Caregivers 
(n = 48) P-value

Age (years) 74.1 ± 8.1 74.7 ± 6.0 0.738
Gender (female) (%) 69.7 62.5 0.373
Education (years) 15.3 ± 3.1 15.7 ± 3.2 0.426
Number of health problems 3.33 ± 1.88 2.81 ± 1.58 0.097
Body mass index (kg/m2) 26.5 ± 4.7 26.7 ± 6.3 0.865
Alcohol consumption (score) 5.76 ± 5.85 5.23 ± 5.08 0.625
Physical activity (score) 3.37 ± 1.67 4.04 ± 1.58 0.019
Ever smoker (%) 45.0 41.7 0.702
Role overload (score) 5.22 ± 3.20 1.40 ± 2.08 < 0.001
Depressive symptoms (score) 8.68 ± 5.90 2.54 ± 4.43 < 0.001
Interleukin-6 (pg/mL) 1.38 ± 1.20 1.79 ± 2.03 0.254
Tumor necrosis factor-α (pg/mL) 6.00 ± 2.50 5.75 ± 1.99 0.754
Pittsburgh Sleep Quality Index (score) 6.68 ± 3.57 4.31 ± 2.52 < 0.001
Nighttime total sleep time (min) 437.60 ± 67.86 417.03 ± 56.76 0.068
Nighttime wake after sleep onset (min) 62.21 ± 26.73 59.42 ± 25.82 0.541
Nighttime sleep percent (%) 87.53 ± 5.19 87.53 ± 5.36 0.994
Daytime total sleep time (min) 48.64 ± 40.60 50.68 ± 46.89 0.705

Data are given as means ± SD or percentages.

Table 2—Multivariate linear mixed regression model for changes in sleep measures over time

Variables entered 
(all in one block)

Pittsburgh Sleep Quality 
Index (score)

Nighttime total sleep 
time (minutes)

Nighttime wake after 
sleep onset (minutes)

Nighttime sleep 
percent (%)

Daytime total sleep 
time (minutes)

Estimate ± SE P Estimate ± SE P Estimate ± SE P Estimate ± SE P Estimate ± SE P
Intercept 5.96 ± 0.47 < 0.001 440.53 ± 11.50 < 0.001 75.85 ± 5.54 < 0.001 85.40 ± 1.01  < 0.001 58.47 ± 7.85  < 0.001
Caregiver 0.29 ± 0.63 0.446 4.45 ± 13.74 0.746 0.08 ± 6.27 0.956 0.19 ± 1.21 0.877 -3.32 ± 8.62 0.598
Age, baseline 0.03 ± 0.03 0.245 0.86 ± 0.67 0.197 0.38 ± 0.30 0.268 -0.04 ± 0.06 0.498 1.69 ± 0.41  < 0.001
Gender, female 0.78 ± 0.47 0.081 0.04 ± 10.23 0.997 -7.85 ± 4.62 0.073 1.44 ± 0.90 0.118 -2.24 ± 6.31 0.576
Education 0.02 ± 0.07 0.761 -0.05 ± 1.54 0.973 -1.00 ± 0.70 0.143 0.18 ± 0.14 0.195 1.16 ± 0.95 0.341
Health problems 0.01 ± 0.08 0.898 -2.97 ± 1.96 0.131 -0.10 ± 0.94 0.796 -0.01 ± 0.17 0.994 0.89 ± 1.33 0.814
Body mass index 0.04 ± 0.04 0.450 -0.95 ± 0.82 0.249 0.71 ± 0.38 0.122 -0.16 ± 0.07 0.025 1.49 ± 0.54 0.005
Alcohol consumption -0.03 ± 0.03 0.329 -0.58 ± 0.67 0.383 -0.01 ± 0.31 0.945 -0.01 ± 0.06 0.983 -0.60 ± 0.44 0.362
Physical activity 0.02 ± 0.08 0.336 -3.40 ± 2.05 0.097 -1.12 ± 1.00 0.224 0.12 ± 0.18 0.502 0.95 ± 1.42 0.859
Ever smoker -0.38 ± 0.37 0.354 9.82 ± 8.46 0.247 -0.25 ± 3.94 0.964 0.25 ± 0.74 0.736 -1.02 ± 5.47 0.418
Years caregiving -0.01 ± 0.07 0.598 1.91 ± 1.49 0.200 -0.15 ± 0.67 0.906 0.07 ± 0.13 0.609 0.61 ± 0.92 0.462
Role overload 0.23 ± 0.05 < 0.001 0.37 ± 1.32 0.777 0.40 ± 0.64 0.493 -0.08 ± 0.12 0.474 -1.10 ± 0.90 0.306
Depressive symptoms 0.18 ± 0.03 < 0.001 0.61 ± 0.67 0.358 -0.01 ± 0.32 0.974 0.02 ± 0.06 0.784 0.53 ± 0.46 0.186
Interleukin-6 0.09 ± 0.39 0.652 6.72 ± 9.86 0.496 -0.47 ± 4.81 0.942 0.41 ± 0.87 0.623 -0.18 ± 6.86 0.682
TNF-α 1.27 ± 0.71 0.165 18.73 ± 17.46 0.284 -0.22 ± 8.59 0.851 0.04 ± 1.53 0.974 6.66 ± 12.32 0.603
Time 0.19 ± 0.13 0.096 -3.32 ± 3.18 0.296 -0.76 ± 1.57 0.374 0.08 ± 0.28 0.808 2.63 ± 2.27 0.269
Placed spouse 0.17 ± 0.43 0.531 2.63 ± 11.16 0.814 3.34 ± 5.47 0.522 -0.72 ± 0.98 0.466 -9.92 ± 7.82 0.132
Spouse deceased 0.96 ± 0.51 0.058 11.45 ± 14.01 0.415 22.78 ± 6.89 0.002 -3.20 ± 1.23 0.009 29.27 ± 9.88 0.003

All variables were centered to the mean such that the intercept shows the average value of the 5 sleep measures in the entire sample. Categorical variables 
were contrast coded as caregiver (+0.5) vs. non-caregiver (−0.5), female gender (+0.5) vs. male gender (−0.5), and ever smoker (+0.5) vs. never smoker 
(−0.5). “Placed Spouse” and “Spouse Deceased” indicate the immediate change in the sleep measures assessed 3 months after the respective transition. 
“Time” indicates the change in sleep measures per each assessment the participant was in the study. TNF-α, tumor necrosis factor-α. Estimates ± SE are 
given in original units.
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Moderating Variables of Effect of Caregiving on Sleep

Demographic factors
Caregiver status did not significantly interact with age (all 

P-values > 0.17) or gender (all P-values > 0.24) in determining 
any sleep measures.

Psychological distress
There was a significant interaction between caregiver sta-

tus and depressive symptoms for nighttime TST (3.17 ± 1.54, 
P = 0.041), but not for the other sleep measures (all P-values > 
0.38). Compared to their non-caregiving counterparts, caregiv-
ers showed longer nighttime TST if depressive symptom levels 
were high (32.40 ± 19.35 min, P = 0.095) but shorter nighttime 
TST when depressive symptom levels were low (−5.13 ± 14.54 
min, P = 0.73) (Figure 1, panel A). Caregiver status showed 
no significant interaction with role overload for any sleep mea-
sures (all P-values > 0.18).

Cytokines
There were significant interactions between caregiver status 

and TNF-α for nighttime WASO (31.75 ± 16.53, P = 0.049) 

tributing sleep observations over time are given in Table 3. 
A retrospective power analysis showed that the minimally 
detectable significant difference between caregivers and non-
caregivers in sleep measures over time was 0.8 points for the 
PSQI global score, 27 min for nighttime TST, 3 min for night-
time WASO, 2% for nighttime sleep percent, and 12 min for 
daytime TST.

Caregivers whose spouse had died experienced a significant 
increase in nighttime WASO of 23 ± 7 min and a decrease in 
nighttime sleep percent of 3.2% ± 1.2%, as well as an increase 
in daytime TST of 29 ± 10 min (main effect of “spouse de-
ceased”). There was also an increase in the caregivers’ PSQI 
score of almost 1 point with spousal death, however this change 
was not significant (P < 0.06).

The placement of the AD spouse in a long-term care facil-
ity was not significantly associated with changes in caregiver 
sleep (main effect of “placed spouse”). A retrospective power 
analysis showed that the minimally detectable significant dif-
ference between caregivers who placed their AD spouse and 
those who did not was 0.5 points for the PSQI global score, 22 
min for nighttime TST, 10 min for nighttime WASO, 2% for 
nighttime sleep percent, and 13 min for daytime TST.

Table 2 also shows that greater lev-
els of role overload (P < 0.001) and 
depressive symptoms (P < 0.001) pre-
dicted greater PSQI scores (i.e., poorer 
subjective sleep quality) but not any 
of the actigraphy measures. Moreover, 
age (P < 0.001) and BMI (P = 0.005) 
were both positively associated with 
daytime TST, and BMI was inversely 
associated with nighttime sleep per-
cent (P = 0.025). Gender, education, 
health problems, health behaviors, 
years caregiving, and cytokine levels 
did not significantly predict sleep.

Table 3—Sleep measure values over time between caregivers and non-caregivers

Sleep Measure Caregivers Observations Non-Caregivers Observations
PSQI global score 6.10 ± 0.43 304 5.81 ± 0.67 137
Nighttime TST (minutes) 442.76 ± 10.50 280 438.31 ± 15.77 128
Nighttime WASO (minutes) 75.89 ± 5.03 280 75.81 ± 7.46 128
Nighttime sleep percent (%) 85.49 ± 0.92 280 85.30 ± 1.38 128
Daytime TST (minutes) 56.81 ± 7.12 280 60.13 ± 10.47 128

TST, total sleep time; WASO, wake after sleep onset. Values are given as estimates ± SE obtained by 
multivariate mixed linear regression modelling (cf. Table 2 for covariates). The total number of observations 
for each sleep measure across the entire study period is also shown per group.

Figure 1—Moderation of caregiving effects on sleep. Panels A-C illustrate the significant interactions between caregiving status and levels of depressive 
symptoms and circulating cytokines for sleep measures. TNF, tumor necrosis factor.
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were high, but a decrease in PSQI scores of 0.76 ± 0.54 (P = 0.28) 
if IL-6 levels were low (Figure 2, panel B). Similarly, caregivers 
who placed their spouse showed an increase in PSQI scores of 
1.28 ± 0.64 (P = 0.050) if TNF-α levels were high, opposed to 
a decrease of 0.81 ± 0.60 (P = 0.32) in PSQI scores if TNF-α 
levels were low (Figure 2, panel C). There were no significant 
interactions between placement and IL-6 (all P-values > 0.18) and 
TNF-α (all P-values > 0.13) for any of the actigraphy measures.

Moderating Variables of Effect of Spousal Death on Sleep

Demographic factors
There were significant interactions between spousal death 

and age for the PSQI score (0.20 ± 0.06, P = 0.006), night-
time TST (−3.95 ± 1.53, P = 0.010), and nighttime sleep per-
cent (−0.29 ± 0.13, P = 0.030), but not for nighttime WASO 
(P = 0.22) and daytime TST (P = 0.28). Spousal death was 
associated with an increase in PSQI scores of 2.54 ± 0.68 
(P = 0.001) in older caregivers, opposed to a decrease in PSQI 
scores of 0.40 ± 0.65 (P = 0.83) in younger caregivers (Figure 
3, panel A). Death of the AD spouse was also associated with 
an increase in nighttime TST of 31.75 ± 15.88 min (P = 0.046) 
in younger caregivers, opposed to a decrease in nighttime TST 
of 27.01 ± 20.41 min (P = 0.19) in older caregivers (Figure 
3, panel B). Older caregivers who lost their spouse showed a 
greater decrease in nighttime sleep percent than younger care-
givers whose spouse had died (−6.06 ± 1.80%, P = 0.001 vs. 
−1.73 ± 1.40%, P = 0.22) (Figure 3, panel C).

Spousal death showed a significant interaction with gender 
for PSQI scores (−5.00 ± 1.07, P < 0.001), but not for any of 
the actigraphy measures (all P-values > 0.19). Male caregivers 
(n = 14) whose spouse had died showed an increase in PSQI 
scores of 4.34 ± 1.16 (P = 0.001), opposed to female caregiv-
ers (n = 5) showing a decrease in PSQI scores of 0.14 ± 0.53 
(P = 0.95) after the death of the spouse.

and nighttime sleep percent (−6.62 ± 2.93, P = 0.025), but not 
for the other sleep measures (all P-values > 0.67). Compared 
to non-caregivers, caregivers had longer nighttime WASO if 
TNF-α levels were high (5.30 ± 6.84 min, P = 0.49), but shorter 
WASO if TNF-α levels were low (−6.40 ± 7.11 min, P = 0.34) 
(Figure 1, panel B). Moreover, relative to non-caregivers, care-
givers showed less nighttime sleep percent if TNF-α levels were 
high (−0.87 ± 1.30%, P = 0.50) but more sleep percent if TNF-α 
levels were low (1.57 ± 1.35%, P = 0.25) (Figure 1, panel C). 
Caregiver status did not significantly interact with IL-6 in deter-
mining any sleep measures (all P-values > 0.15).

Moderating Variables of Effect of Placement of Spouse on Sleep

Demographic factors
Placement status did not significantly interact with age (all 

P-values > 0.18) or gender (all P-values > 0.42) in determining 
any sleep measures.

Psychological distress
There was a significant interaction between placement 

and overload for daytime TST (7.55 ± 2.57, P = 0.014), but 
not for other sleep measures (all P-values > 0.38). Caregivers 
who placed their spouse showed an increase in daytime TST 
of 19.16 ± 12.58 min (P = 0.32) if role overload levels were 
high, opposed to a decrease in daytime TST of 28.31 ± 9.95 min 
(P = 0.007) if role overload levels were low (Figure 2, panel A). 
Placement did not significantly interact with depressive symp-
toms in determining any sleep measures (all P-values > 0.42).

Cytokines
Placement significantly interacted with IL-6 (3.22 ± 1.20, 

P = 0.012) and with TNF-α (5.68 ± 2.44, P = 0.039) in determin-
ing PSQI scores. Caregivers who placed their spouse showed an 
increase in the PSQI score of 1.43 ± 0.63 (P = 0.023) if IL-6 levels 

Figure 2—Moderation of placement effects on sleep. Panels A-C illustrate the significant interactions between placement of the Alzheimer spouse in a long-
term care facility and levels of role overload and circulating cytokines for sleep measures. Level of significance within overload and cytokine level groups: 
*P ≤ 0.05, **P ≤ 0.01. IL, interleukin; TNF, tumor necrosis factor.
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givers differently from controls. Concurring with a previous 
study,15 caregivers with high levels of depressive symptoms had 
longer nighttime TST than caregivers with low levels of de-
pressive symptoms. Low-grade systemic inflammation impairs 
sleep20 and has also been related to the chronic stress of demen-
tia caregiving.22,23 In agreement with this literature, we found 
that AD caregivers with high circulating levels of TNF-α had 
longer nighttime WASO and also less nighttime sleep percent 
than caregivers with lower levels of TNF-α.

We found that the death of the AD spouse led to a significant 
change in objective sleep characteristics of caregivers. At three 
months after their AD spouse had died, caregivers showed in-
creased nighttime WASO and decreased nighttime sleep percent 
that were paralleled by unchanged nighttime TST but increased 
daytime TST. This suggests that caregivers whose spouse had 
died tried to “catch up” on impaired nighttime sleep with in-
creased napping throughout the day. There was an additional 
albeit not significant trend (P < 0.06), suggesting that spousal 
death was associated with increased subjective sleep com-
plaints. However, moderator analysis revealed that compared 
to younger caregivers and female caregivers, respectively, older 
caregivers and male caregivers reported poorer subjective sleep 
at three months after spousal death. At that time, older caregiv-
ers also had shorter nighttime TST and less nighttime sleep per-
cent than younger caregivers. Therefore, older male caregivers 
may seem particularly vulnerable for the development of poor 
sleep after the AD spouse has died.

Although not investigated in our study, intrusive thoughts 
and cognitive arousal might play an important role in the de-
velopment of sleep disturbances after death of the AD spouse, 
offering possible targets for behavioral interventions, as is pur-
ported by the bereavement literature.5 The health consequences, 
particularly the cardiovascular effects of alterations in caregiv-
ers’ sleep behavior following the death of the AD spouse, war-
rant further study. Objective sleep disturbances and subjective 
sleep complaints, including insomnia symptoms, have all been 

Psychological distress
There were no significant interactions between spousal death 

and role overload (all P-values > 0.05) and depressive symp-
toms (all P-values > 0.13) in determining any sleep measures.

Cytokines
Death of the AD spouse did not significantly interact with 

IL-6 (all P-values > 0.32) and TNF-α (all P-values > 0.07) to 
predict any sleep measures.

DISCUSSION
At baseline, elderly community-dwelling spousal AD care-

givers reported significantly greater global PSQI scores but 
similar actigraphy measures compared to their age- and gender-
matched non-caregiving counterparts. Moreover, PSQI global 
scores did not significantly correlate with actigraphy measures. 
These cross-sectional findings are consistent with previous re-
sults, supporting the notion that dementia caregivers perceive 
their sleep generally poorer than non-caregiving controls, but 
that this perception does often not correspond with objective 
sleep assessments.6 This discrepancy is partially explained by 
the high levels of caregivers’ psychological distress, which may 
contribute to subjective sleep disturbances but contribute com-
parably little to objective sleep measures.13,14 In support of this 
notion, we found similar sleep over time in caregivers and con-
trols with adjustments made for depressive symptoms and role 
overload (i.e., perceived burden of caregiving), both of which 
were positively related to global PSQI scores but not to the ac-
tigraphy measures. Age was positively associated with daytime 
TST, and BMI correlated negatively with nighttime sleep per-
cent. An increased prevalence of napping during the day and of 
obesity-related sleep disordered breathing in elderly individuals 
might be explanations for these relationships.17

While caregiving status per se was not associated with sleep 
over time, we found that depressive symptoms and proinflam-
matory cytokine levels both moderated sleep quality in care-

Figure 3—Moderation of effects of spousal death on sleep. Panels A-C illustrate the significant interactions between death of the Alzheimer spouse and age 
for sleep measures. Level of significance within age groups: *P ≤ 0.05, ***P ≤ 0.001.
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increased variance might have yielded additional significant as-
sociations of caregiver status and transitions in the caregiving 
situation with sleep as being moderated by age, cytokine levels, 
and psychological distress.

Taken together, our findings suggest that Alzheimer caregiv-
ing per se does not significantly impact sleep over time, but 
that there might be subgroups of caregivers who are vulnerable 
and may develop sleep disturbances, particularly those with in-
creased inflammation activity. Death of the AD spouse seems 
to impair sleep across all caregivers, whereas sleep effects of 
placement of the AD spouse in a long-term care facility was 
moderated by perceived stress and proinflammatory changes 
following the placement. These results suggest that treatment 
studies are needed to test whether improving sleep in caregivers 
through, for instance, cognitive behavioral therapy for insom-
nia, will result in improvements not only in sleep, but in the 
downstream symptoms of stress.
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