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Abstract
Background Weighted blanket is an emerging non-pharmacotherapy for sleep disorders, but its effect on sleep 
among relatively healthy adults with insomnia remains uncertain. This study aimed to evaluate whether weighted 
blankets could better improve sleep quality and sleep-related symptoms among adults with insomnia.

Methods In a prospective, pilot randomized controlled trial conducted in three tertiary hospitals in China, 
participants with clinical insomnia were randomized (1:1) to receive weighted blanket intervention or normal 
blanket intervention for 1 month by random-number tables. The primary outcomes were sleep quality assessed 
with Pittsburgh Sleep Quality Index (PSQI) and insomnia severity assessed with Insomnia Severity Index. Subjective 
outcomes were measured at baseline, 1 week, and 1-month post-intervention. Sleep was also objectively monitored 
by actigraphy. We did analysis by intention to treat.

Results A total of 102 participants were randomly assigned to receive weighted blanket intervention (n = 52) or 
normal blanket intervention (n = 50). 95 (93.1%) participants completed the follow-up, and 7 (6.9%) participants 
dropped out of the study. The weighted blanket group had significant improvements in sleep quality compared 
to the normal blanket group after 1 month of intervention (changes in the mean [SD] of PSQI score: -4.1 [4.1] vs. 
-2.0 [3.2], P = 0.006). Similar results were observed for daytime sleepiness, stress, anxiety, fatigue, and bodily pain (all 
P < 0.05). Recordings from actigraphy showed a decrease in the mean (SD) of the number of awakenings in weighted 
blanket group (-1.4 [9.5]) and an increase in normal blanket group (+ 1.0 [7.9]) (P = 0.280). No severe adverse events 
occurred.

Conclusions Weighted blanket might be an effective, safe and promising non-pharmacotherapy tool for improving 
sleep-related symptoms among adults with insomnia, although validation with a larger sample size is needed.
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Background
Sleep plays a pivotal role in sustaining everyday func-
tioning, regulating brain activity and the stress system, 
with sleep quality being essential for mental health [1–3]. 
Indeed, sleep disorders are a global concern affecting 
over 40% of individuals during the COVID-19 pandemic 
[4]. In particular, among these disorders, insomnia stands 
out as a recognized risk factor and early sign for a wide 
range of mental disorders. It often contributes to the dys-
regulation of emotional, immune and neurobiological 
pathways [5, 6]. In this framework, effective treatments 
for insomnia may not only regulate the sleep process 
but also the accompanied symptoms including anxiety, 
depression, fatigue, and stress. Primary treatments for 
insomnia in clinical practice include cognitive behav-
ioral therapy for insomnia (CBT-I) and pharmacotherapy, 
with CBT-I being the first-line treatment at present [7]. 
However, about 40% of patients with chronic insomnia 
do not sustainedly remit with CBT-I combined medi-
cation treatment [8]. In addition, pharmacotherapy for 
insomnia is associated with a high risk of adverse events 
and drug abuse/dependency. Also, the drop-out rates of 
CBT-I intervention ranged from 5% to 21% in recent ran-
domized controlled trials [9–12]. Thus, there is a pressing 
need for safer non-pharmacotherapy alternatives.

Weighted blanket, a physical therapy of deep pressure 
stimulation, has been increasingly recommended by 
occupational therapists for individuals with sleep disor-
ders [13]. Weighted blankets are designed with special 
weight-adding materials such as chains and beads, to 
evenly cover the body and provide widespread pressure. 
To date, as we recently reviewed [14], weighted blankets 
have been applied across various populations and mostly 
showed beneficial effects on improving sleep quality (e.g., 
shorter nighttime awakenings, shorter sleep latency, and 
extended sleep duration) [13, 15], neurodevelopmental 
disorders (e.g., attention deficit hyperactivity disorder 
(ADHD) and autism spectrum disorder (ASD) [16–18], 
negative emotions (e.g., anxiety, depression, and stress) 
[19, 20], and other related disorders. Meanwhile, a few 
studies have reported nonsignificant results [21]. More 
importantly, few clinical trials have investigated the effi-
cacy of weighted blankets in improving sleep and other 
accompanied symptoms among relatively healthy adults 
with insomnia and without major psychiatric diseases 
using objective measurement of sleep.

Therefore, this pilot randomized clinical trial aimed to 
evaluate whether the weighted blankets, relative to the 
normal blankets, could better improve sleep quality and 

sleep-related symptoms (e.g., daytime sleepiness, fatigue, 
depression, anxiety, stress, and quality of life) in adults 
with insomnia using both self-reported and objective 
sleep measurements, providing preliminary evidence for 
a safer non-pharmacotherapy for insomnia.

Methods
Study design and participants
This study was reviewed and approved by the Zhejiang 
University School of Public Health Medical Ethics Com-
mittee (registration number ZGL202201-7) and complied 
with the World Medical Association Declaration of Hel-
sinki. All participants provided written informed con-
sent and had the option to withdraw from the study at 
any point without facing discrimination or unfair treat-
ment. Participants were recruited from the outpatient 
sleep clinics of three hospitals in Zhejiang, China (Sir 
Run Run Shaw Hospital in Hangzhou, Affiliated Hospital 
of Shaoxing University in Shaoxing, and Shaoxing Hospi-
tal of Traditional Chinese Medicine). Clinical diagnoses 
of insomnia were made by physicians not affiliated with 
the research team, who referred eligible individuals to 
the study. The diagnoses referred to the Guideline for the 
Evaluation and Treatment of Insomnia in Chinese Adults 
[22], including presence of abnormal sleep symptoms and 
daytime symptoms related to insomnia, which cannot be 
solely explained by inadequate sleep duration or inappro-
priate sleep environment, nor can they be attributed to 
other types of sleep disorders. This guideline is basically 
equivalent to the currently recognized diagnostic criteria 
of ICSD-3. We followed the Consolidated Standards of 
Reporting Trials (CONSORT) guideline for the designing 
and reporting of this trial.

In this study, the inclusion criteria were people 
aged ≥ 18 years old, diagnosed with clinical insomnia 
by physicians, Pittsburgh Sleep Quality Index (PSQI) 
score ≥ 5 [23], living in Hangzhou and surrounding cit-
ies (such as Shaoxing city), having a stable occupation 
and lifestyle for the upcoming year, and having normal 
communication skills. A stable occupation and lifestyle 
indicated that the occupation, living environment, and 
lifestyle including smoking, drinking, exercise, and diet 
of participants would not change over the near future. 
Having normal communication skill was defined as par-
ticipants could understand the purpose of the study, the 
guide and precautions for using actigraphy and blankets, 
and the content of the questionnaires after explained by 
physicians or investigators. Participants with active drug 
abuse, excessive use of sleeping pills, severe cognitive 

Trial registration Chinese Clinical Trial Registry: ChiCTR2300078011, date of registration: 11/27/2023, retrospectively 
registered.
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impairment, and a history of major diseases including 
coronary heart disease, cerebral infarction, and cancer 
were excluded. The definition of drug abuse and exces-
sive use of sleeping pills were based on the substance use 
disorders criteria defined by the Diagnostic and Statisti-
cal Manual of Mental Disorders (DSM-5) [24]. Cognitive 
impairment was screened using the Mini-Mental State 
Examination combined with assessment by the physician 
[25].

Procedures
From March 2022 to April 2023, individuals diagnosed 
with clinical insomnia in the outpatient sleep clinics of 
the three hospitals by physicians were included. The 
study team subsequently assessed whether these indi-
viduals met the inclusion and exclusion criteria. Those 
who qualified participated in a baseline survey, which 
covered demographics, disease history, sleep quality, day-
time symptoms, negative emotions, and quality of life. 
After completing the baseline assessment, participants 
were randomly assigned to either the weighted blanket 
group or the normal blanket group in a 1:1 ratio by open-
ing sealed randomization envelope. For selecting the style 
of the weighted blanket, first, previous studies generally 
suggested that the weight of a weighted blanket should 
be about 10% of the sleeper’s body weight, and the aver-
age weight of our participants was 56.3 kg [26]. Second, 
compared with blankets filled with metal chains, blan-
kets filled with glass beads produce less noise when mov-
ing, and their denser composition making the blankets 
thinner and smoother. Thus, we finally selected a 5.5 kg 
blanket sewn with special weight-adding glass beads 
(silica) for participants assigned to the weighted blanket 
group, while those in the normal blanket group received 
a 3.5  kg blanket of identical shape but without glass 
beads. All participants were also provided with an actig-
raphy (a smart monitoring belt) and were instructed to 
place it under the bed sheet, corresponding to the chest 
position. Participants were asked to continuously use 
the blankets for 1 month and the actigraphy in the first 
week. Outcomes were assessed at baseline, 1 week, and 
1-month post-intervention. Adverse events were actively 
monitored throughout the study. Participants were asked 
to report any discomfort to the researchers or doctors 
at any time during the trial. Meanwhile, the research-
ers kept close contact with the participants during the 
follow-up, and inquired about their feelings and physical 
conditions every day. Drop-out was considered only after 
completing the baseline survey. After the trial was com-
pleted, participants were allowed to keep the blankets.

Randomization and masking
We randomly assigned participants (1:1), via random-
number tables, to receive either weighted blanket 

intervention or normal blanket intervention. The physi-
cians not affiliated with the research team opened sealed 
opaque envelopes to maintain allocation concealment. 
We blinded the participants to the study design and ran-
domization. Participants were only told that two blankets 
of different weights and identical shapes would be issued, 
but the specific style and weight were not informed. 
Therefore, most participants did not know exactly what 
blanket they were using, and only a few participants may 
confirm the blanket type by searching online or other 
ways. Although a small part of our outcome assessors 
were not masked to the group assignments, the assess-
ment of outcomes was largely filled in by the participants 
themselves. Participants were instructed to fill out the 
questionnaire carefully according to their actual condi-
tions, and during this process, the assessor did not inter-
fere with the choice of participants.

Outcomes
Primary outcomes
The PSQI and Insomnia Severity Index (ISI) were used 
as the primary outcomes in this study. The PSQI is a 
self-reported scale assessing the sleep quality of patients 
in the last month, consisting of 7 dimensions includ-
ing sleep quality, sleep latency, sleep duration, habitual 
sleep efficiency, sleep disturbances, use of sleep medi-
cations, and daytime dysfunction. The good internal 
reliability and validity of PSQI has been verified, with 
Cronbach’s α of 0.83 and test-retest reliability coefficient 
of 0.85 [27]. Based on a 4-point Likert scale, the total 
score ranges from 0 to 21, with a higher score indicating 
poorer sleep quality. According to previous studies [23], 
a score greater than 5 was interpreted as sleep disor-
der. PSQI scores were assessed at baseline and 1-month 
post-intervention.

ISI was used to assess the insomnia severity of partici-
pants, consisting of 7 items regarding difficulties falling 
or staying asleep, waking up too early, sleep satisfaction, 
daytime functioning, and distress about sleep difficul-
ties. ISI has been demonstrated to have good reliability 
and validity, with Cronbach’s α of 0.83 and test-retest 
reliability coefficient of 0.79 [28]. Each item was scored 
from 0 to 4 points, yielding a summed score ranging from 
0 to 28. ISI scores were categorized as follows: no clini-
cally significant insomnia (0–7), sub-threshold insomnia 
(8–14), moderate insomnia (15–21), and severe insom-
nia (22–28) [29]. It was assessed at baseline, 1 week, and 
1-month post-intervention.

Secondary outcomes
Secondary outcomes included daytime sleepiness 
assessed using the Epworth Sleepiness Scale (ESS) [30], 
perception of stress assessed using the Perceived Stress 
Scale (PSS) [31], depression assessed using the Center 
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for Epidemiologic Studies Depression Scale-10 (CESD-
10) [32], daytime fatigue assessed using the Fatigue 
Scale-14 (FS-14), anxiety assessed using the Self-Rating 
Anxiety Scale (SAS) [33], and daily quality of life assessed 
using the Quality of Life Scale 36-item Short-Form (SF-
36) [34]. PSS and SF-36 were assessed at baseline and 
1-month post-intervention. ESS, CESD-10, SAS, and 
FS-14 were assessed at baseline, 1 week and 1-month 
post-intervention.

Objective sleep evaluation
In this study, sleep quality was also monitored and 
recorded in real-time using actigraphy, which is a smart 
monitoring belt from Damian Health Tech (Hangzhou) 
CO., LTD. Participants were instructed to place the belt 
under the bed sheet, corresponding to the chest posi-
tion, and needed to ensure that it was plugged in before 
sleep. The actigraphy was continuously used during the 
first week of the intervention. It monitored various night-
time sleep parameters, including sleep quality, sleep 
latency, sleep duration, sleep efficiency, number of awak-
enings, heart rate, and respiration rate. The recordings 
were automatically uploaded to a cloud server through 
WIFI/4G chip communication.

The actigraphy works based on piezoelectric PVDF 
film sensors; the weak body movements triggered by the 
human heartbeat can be captured by the highly sensi-
tive piezoelectric PVDF film sensors placed inside the 
actigraphy, generating a ballistocardiogram (BCG) sig-
nal which can be transmitted to the cloud server via 
WIFI/4G chip communication. Based on the captured 
BCG signal, we constructed artificial intelligence deep 
learning algorithms to calculate the user’s physiological 
indicators including limb movement, heart rate, and res-
piration rate. This allowed for the deduction of the user’s 
nighttime sleep profile [35]. Compared with polysomno-
gram, this kind of actigraphy based on BCG technology 
demonstrates relatively satisfying performance for track-
ing sleep and wake, with accuracy comparable to poly-
somnogram in some metrics [36, 37].

Statistical analysis
The sample size was calculated based on the variation in 
the ISI scores in our early study in April, 2022, a prelimi-
nary analysis of 10 participants in the first stage of this 
study. The mean (SD) of ISI scores in the weighted blan-
ket group was 8.7 (6.7) and in the normal blanket group 
was 13.3 (3.2) after a 1-month intervention. The power of 
statistical efficiency was set to 80%, with a two-sided sig-
nificance level of 0.05. A sample size of 40 (20 per group) 
was needed. Considering a 10% dropout rate, the mini-
mum sample size for this trial was 44.

Intention-to-treat method was used for data analysis. 
The baseline characteristics were analyzed by t-test for 

continuous variables and either Chi-square test or Fish-
er’s test for categorical variables. The normality of data 
was tested through graph and the Shapiro-Wilk test. For 
comparison between groups, generalized linear mixed 
models were applied for subjective variables (PSQI, ISI, 
ESS, CESD-10, SAS, PSS, FS-14, and SF-36). Group, time, 
and time by group interaction were included in the mod-
els as fixed effects, while participants were the random 
effects. Additionally, age and sex were included as fixed 
effects in all models. The conclusions about the effects of 
weighted blanket on sleep and other sleep-related out-
comes were determined by the time by group interac-
tion coefficients in the model. For objectively measured 
variables, changes between groups were compared using 
unpaired Student’s t-tests. The change in each variable 
was calculated as the difference between the first and last 
day of the sleep monitoring for each patient. All analy-
ses were two-sided, and a P-value < 0.05 was considered 
statistically significant. All statistical analyses were con-
ducted with SAS version 9.4.

Results
Participants were recruited between March 31, 2022, and 
April 16, 2023. Figure  1 shows the trial profile. A total 
of 105 participants were initially diagnosed with clinical 
insomnia by physicians in the outpatient sleep clinics. 
Following evaluation by the study team, 3 participants 
did not meet the inclusion criteria of the study. Conse-
quently, 102 participants were enrolled in the study. 7 
participants (2 in weighted blanket group, 5 in normal 
blanket group) discontinued the study, with one report-
ing feelings of cold while sleeping with the assigned blan-
ket, two reporting feelings of uncomfortable while using 
the actigraphy, and four unable to use the blankets due to 
frequent changes in sleeping places. Thus, 95 participants 
finally completed the intervention (50 with weighted 
blankets and 45 with normal blankets). Of the 102 par-
ticipants included in the baseline analyses (Table 1), the 
mean (SD) of age was 44.0 (13.9) years (range 19–78 
years); 84 (82.4%) were women; 45 (44.1%) used sleep 
medicine. No significant differences were observed 
between the two groups in terms of age, sex, use of sleep 
medicine, sleep quality, or insomnia severity at baseline. 
There were no reports of severe adverse events associated 
with weighted blanket intervention. Only 3 participants 
(2 in weighted blanket group, 1 in normal blanket group) 
reported feelings of cold or uncomfortable when using 
the blankets or actigraphy.

Effects of weighted blankets on primary outcomes
For primary outcomes, the weighted blanket interven-
tion showed a significant beneficial effect on the PSQI. 
Specifically, participants using weighted blankets had 
a greater decrease in their PSQI score (mean [SD]: -4.1 
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[4.1]) compared to the normal blanket group (-2.0 [3.2]) 
(β: -0.072, 95% CI: -0.124, -0.021; P = 0.006) (Fig.  2A, 
Table S1), whereas no significant effect of weighted 
blankets on the ISI score was observed (β: -0.045, 95% 
CI: -0.120, 0.029; P = 0.233) (Fig. 2B, Table S1). The per-
centage of participants with different levels of insomnia 
(no clinical insomnia, subthreshold insomnia, moderate 
clinical insomnia, and severe clinical insomnia) differed 
between the two groups. For instance, there was a greater 
increase in the percentage of participants without clinical 
insomnia (6.0% at baseline, 30.0% at 1 week, and 42.0% at 
1 month) and a greater decrease in the percentage of par-
ticipants with severe clinical insomnia (26.0% at baseline, 
6.0% at 1 week, and 2.0% at 1 month) in the weighted 
blanket group compared with normal blanket group, 
although the difference was not significant (β: 0.025, 95% 
CI: -0.011, 0.061; P = 0.181) (Fig. 2C and D).

Effects of weighted blankets on other subjective sleep-
related outcomes
The use of weighted blankets was also beneficial for 
improving sleep-related negative emotions and daytime 
symptoms. Indeed, the weighted blanket group showed a 
greater improvement in daytime sleepiness after 1 month 

of intervention (P = 0.017) (Fig. 3A, Table S1). Significant 
between-group differences were also observed in stress 
(Fig. 3C, Table S1), anxiety (Fig. 3D, Table S1), and fatigue 
(Fig.  3E, Table S1) (All P < 0.05). In addition, the differ-
ence in the bodily pain dimension of SF-36 demonstrated 
potential benefits of weighted blankets on pain relief and 
improved quality of life (P = 0.010) (Fig.  3F, Table S1). 
However, no significant difference was observed in the 
CESD-10 score (P = 0.126) (Fig. 3B, Table S1).

Effects of weighted blankets on objectively measured 
number of awakenings
We also analyzed the objectively measured number of 
awakenings of the participants. Changes in number of 
awakenings were determined as the differences between 
the first day and the seventh day of actigraphy monitor-
ing. Participants using weighted blankets experienced a 
decrease in the number of awakenings during the first 
week of intervention (mean [SD]: 16.8 [5.2] on 1st day, 
15.3 [7.7] on 7th day), whereas participants in the normal 
blanket group experienced an increase (13.8 [5.9] on 1st 
day, 14.8 [6.2] on 7th day) (Fig. 4); however, the change 
was not significant (P = 0.280). No differences in other 
objective sleep parameters were observed.

Fig. 1 Trial profile
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Discussion
This pilot randomized clinical trial demonstrated a ben-
eficial effect of weighted blankets on improving sleep 
quality in participants with insomnia, such that partici-
pants using weighted blankets for 1 month had a greater 
decrease in PSQI score. In addition, the trial revealed the 
significant benefits of weighted blankets on sleep-related 
outcomes including daytime sleepiness, fatigue, anxiety, 
stress, and bodily pain. Objective actigraphy record-
ings showed a decrease in the number of awakenings in 
weighted blanket group and an increase in normal blan-
ket group, which still needs to be proved by future tri-
als. Our preliminary findings suggested that weighted 
blanket might be a promising tool for sleep intervention 
among adults with insomnia in clinical practice.

The beneficial effect of weighted blankets on sleep 
quality was also observed in different populations includ-
ing adults with major psychiatric disorders and co-occur-
ring insomnia [13, 38], dementia [39–41], chronic pain 
[42], and children with ADHD/ASD [17, 18], CHARGE 
syndrome [43], and general anesthesia [44]. Notably, the 
efficacy of weighted blankets in individuals with ADHD/

ASD and psychiatric disorders showed the strongest sup-
porting evidence, whereas fewer studies focused on rel-
atively healthy adults with insomnia and without major 
psychiatric diseases. However, this population actually 
accounts for a larger proportion. Thus, this study extends 
the evidence for the broader application of weighted 
blankets across more populations. Notably, this study 
found a significant improvement in PSQI scores, but 
not in ISI. The PSQI mainly reflects multiple dimensions 
of sleep quality; while ISI scale focuses on the severity 
of insomnia, the disturbance of sleep problems to life, 
and the satisfaction with sleep. The one-month short-
term intervention did improve the sleep quality to some 
extent, that being said, the PSQI score was improved. 
However, as the improvement of sleep is a long-term 
process, it was hard to cure the insomnia problem of the 
participants in a month. Therefore, the participants felt 
that insomnia still had a certain impact on life, and they 
had not yet reached a satisfactory sleep pattern. This may 
result in the non-significant difference between the two 
groups on the ISI scale.

Significant benefits of weighted blankets on negative 
emotions and daytime symptoms were also observed. 
Regarding psychological behaviors, a few studies have 
showed that weighted blanket might be an effective ther-
apeutic tool for relieving anxiety, stress, and morning 
mood in populations with cancer [19], ADHD/ASD [16, 
17], and mental disorders [20], which was in line with 
our findings in adults with clinical insomnia. Given that 
negative emotions can be instigated and further exac-
erbated by sleep disturbances [45], the increased sleep 
quality provided by weighted blanket intervention might 
be an explanation for the beneficial effects on anxiety 
and stress. For daytime symptoms, a previous study in 
patients with psychiatric disorders found that weighted 
blanket intervention contributed to increased daytime 
activity level and delayed occurrence of circadian peak of 
activity using objective measures, which was a reflection 
of reduced daytime fatigue [13]. Our findings on subjec-
tive daytime sleepiness and daytime fatigue further con-
firmed the positive effects.

Interestingly, we found that using weighted blankets 
contributed to relieving self-perceived bodily pain. A 
previous randomized controlled trial reported that com-
pared with lighter-weighted blankets, heavier-weighted 
blankets intervention produced a greater reduction in 
widespread chronic pain, with a stronger effect on indi-
viduals with high trait anxiety [42]. Given that chronic 
pain is partly determined by social and/or affective fac-
tors [46, 47], we speculate that the deep pressure pro-
vided by weighted blanket may impart a sense of physical 
and mental safety that could relieve anxiety and stress 
which were also observed in our study, and ultimately, 
reducing perception of bodily pain [48, 49]. In addition, 

Table 1 Baseline characteristics of the study participants
Variables Total

(N = 102)
Weighted 
blanket
(N = 52)

Normal 
blanket
(N = 50)

Age in years 44.0 (13.9) 44.3 (13.9) 43.7 
(14.1)

Sex, women, N (%) 84 (82.4) 41 (78.8) 43 (86.0)
Currently married, N (%) 68 (66.7) 34 (65.4) 34 (68.0)
Educational level, N (%)
 Primary school 12 (11.9) 6 (11.8) 6 (12.0)
 Middle and High school 29 (28.7) 16 (31.4) 13 (26.0)
 College and Higher 60 (59.4) 29 (56.9) 31 (62.0)
BMI, kg/m2 22.0 (4.0) 22.0 (3.8) 22.0 (4.3)
Current smoking, N (%) 4 (3.9) 0 (0.0) 4 (7.7)
Current drinking, N (%) 9 (8.9) 3 (5.9) 6 (12.0)
Physical activity, N (%)
 Low activity 69 (67.6) 38 (73.1) 31 (62.0)
 Moderate and high activity 33 (32.4) 14 (26.9) 19 (38.0)
History of hypertension, yes, N (%) 8 (7.8) 5 (9.6) 3 (6.0)
History of cancer, yes, N (%) 7 (6.9) 4 (7.7) 3 (6.0)
Use of sleep medicine, yes, N (%) 45 (44.1) 22 (42.3) 23 (46.0)
Sleep quality (PSQI) 12.9 (3.7) 13.6 (3.8) 12.3 (3.5)
Insomnia severity (ISI) 15.1 (5.8) 16.2 (6.2) 14.0 (5.2)
Daytime sleepiness (Epworth) 7.1 (5.7) 8.2 (6.3) 5.9 (4.9)
Depression (CESD-10) 11.4 (5.9) 11.5 (6.4) 11.4 (5.4)
Stress (PSS) 17.6 (7.0) 17.7 (7.2) 17.6 (6.8)
Anxiety (SAS) 38.9 (8.2) 38.8 (7.3) 38.9 (9.2)
Fatigue (FS-14) 8.1 (3.3) 8.6 (3.1) 7.6 (3.3)
Data are expressed as mean (SD) unless otherwise stated

BMI, Body mass index; PSQI, Pittsburgh Sleep Quality Index; ISI, Insomnia 
Severity Index; CESD-10, Center for Epidemiologic Studies Depression Scale-
10; PSS, Perceived Stress Scale; SAS, Self-Rating Anxiety Scale; FS-14, Fatigue 
Scale-14
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the effects of deep pressure on increasing local tissue 
oxygenation and blood flow may also be the possible 
mechanism of pain relief [50, 51].

Based on objective recordings from actigraphy, we 
also investigated the changes in number of awakenings 
in the two groups. Participants using weighted blankets 
had a decrease in the number of awakenings whereas 
the normal blanket group showed an increase. How-
ever, this study was not powered to detect a significant 
effect, further proofs are still required. Similar results 
were observed in a randomized trial in patients with psy-
chiatric disorders that responders of weighted blanket 
intervention had a significant decrease in objective total 
time awake after sleep onset and an improvement in sub-
jective sleep maintenance compared to non-responders 
[13]. The positive effects on reduced nighttime awaken-
ings were also found in children with ADHD/ASD [18, 
52]. These findings suggested that weighted blanket may 
play a sleep-improving role primarily in reducing dif-
ficulties maintaining asleep. A possible mechanism is 
that the deep pressure provided by weighted blanket can 
stimulate the parasympathetic nervous system to release 

serotonin and dopamine and produce endorphins, result-
ing in relaxed muscles, reduced heart rate, and steady 
breath, and consequently, conducing to staying asleep 
[14, 53].

In this study, three participants reported feelings 
of cold or uncomfortable when using the blankets or 
actigraphy, and no severe adverse events occurred. This 
result provided evidence that weighted blanket interven-
tion might be a safer alternative to pharmacotherapy for 
insomnia. However, given the limited available evidence, 
the safety issues in clinical application still need special 
caution. It would be important for clinicians to system-
atically monitor and record any potential adverse effects, 
such as increased discomfort, restricted movement, or 
exacerbation of other health conditions, that may arise 
from the use of weighted blankets. In particular, spe-
cial attention should be paid to children and the elderly. 
To a few children, the weight of weighted blankets may 
cause anxiety, panic, pain, and even risk of suffocation 
or entrapment [54, 55]. Thus, it is advised for parents to 
closely supervise and avoid covering the face with a blan-
ket while their children using a weighted blanket. For the 

Fig. 2 Effects of weighted blankets on sleep quality and insomnia severity. (A) Pittsburgh sleep quality index decreased significantly in participants using 
weighted blankets after 1 month. (B) Using weighted blankets did not have a significant effect on ISI total score. (C) (D) Changes in the insomnia sever-
ity at baseline, 1 week, and 1 month after intervention in weighted and normal blanket group. No clinical insomnia (ISI score 0–7 points), Subthreshold 
insomnia (8–14 points), Moderate clinical insomnia (15–21 points), Severe clinical insomnia (22–28 points). *P < 0.05, generalized linear mixed models, 
adjusted for sex, age. PSQI, Pittsburgh Sleep Quality Index; ISI, Insomnia Severity Index
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elderly, if they have limited physical capacity and mobil-
ity, frailty, or severe dementia, and fail to remove the 
blanket from their head to avoid the risk of suffocation, 
they must use the lightest blanket possible after consult-
ing a clinician [41].

Strengths and limitations
There are several strengths in our study. First, we inves-
tigated the efficacy of weighted blankets in adults with-
out major diseases and with clinical insomnia, providing 
more evidence for the application of weighted blankets in 
relatively healthy individuals with insomnia. Second, this 
study was conducted in China, while the predominance 
of similar research was conducted in Europe and the 
United States, which provides values for the application 
of weighted blankets in China. Besides, the study design, 
including the randomization and the setting of normal 
blanket group, is a notable strength.

A limitation of our study was that the sleep monitor-
ing by actigraphy only lasted for one week; and thus, 
the objective long-term changes in sleep could not be 
observed. It is possible that differences of other sleep 

parameters between the two groups would emerge under 
longer duration of sleep monitoring. Second, several 
assessors were not blind to treatment allocation, but the 
outcome evaluations were mainly completed by partici-
pants’ self-administered questionnaires without inter-
vention from the assessors, which minimized any bias in 
outcome evaluations. Besides, we cannot control for the 
effect resulted from the suspicion of participants regard-
ing their group allocation. Third, differences in sleep 
position during nighttime sleep, such as frequent turn-
ing over, may cause the move of the actigraphy and thus 
affect the monitoring effect. Forth, the sample size was 
limited as well, indicating the need for larger and high 
quality randomized controlled trails to further explore 
the long-term efficacy and mechanisms of weighted blan-
kets. Fifth, the proportion of participants with severe 
and moderate clinical insomnia had a slight imbalance 
between the two groups at baseline, which was consid-
ered in the mixed models. Additionally, we only docu-
mented information about the participants’ marriages, 
but not their bed partners, whose sleep may disrupt the 
other’s sleep. The study was retrospectively registered; 

Fig. 3 Effects of weighted blankets on daytime sleepiness, depression, stress, anxiety, fatigue, and relieved bodily pain. (A) Daytime sleepiness score de-
creased significantly in participants using weighted blankets. (B) Using weighted blankets did not have a significant effect on depression. (C) Stress score 
decreased significantly in participants using weighted blankets. (D) Anxiety score decreased significantly in participants using weighted blankets. (E) 
Daytime fatigue score decreased significantly in participants using weighted blankets. (F) Bodily pain relieved significantly in participants using weighted 
blankets. *P < 0.05, generalized linear mixed models, adjusted for sex, age. CESD-10, Center for Epidemiologic Studies Depression Scale-10; PSS, Perceived 
Stress Scale; SAS, Self-Rating Anxiety Scale; FS-14, Fatigue Scale-14; SF-36, Quality of Life Scale 36-item Short-Form
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however, we strictly adhered the initial protocols without 
selective reporting.

Future perspectives
This study reflects several potential future directions. 
First, this study was conducted in three specific hospi-
tals in China. It would be helpful to replicate in different 
populations and settings to assess the generalizability of 
the findings. Second, we did not explore the underlying 
mechanisms through which weighted blankets improve 
sleep quality. Investigating the physiological, psychologi-
cal, or neurobiological mechanisms by which weighted 
blankets exert their effects would enhance our under-
standing of their therapeutic potential. Third, the control 
group in the study received normal blankets, it would 
be beneficial for future studies to include an additional 
control group that receives no intervention or a differ-
ent type of non-weighted intervention. Forth, this study 
implemented a 1-month intervention period. It would be 
valuable for future studies to conduct follow-up assess-
ments beyond the 1-month period to evaluate the sus-
tainability of the observed improvements. Fifth, this 
study was not powered to detect significant effects on 
ISI and objective measures, and it remains to be proven 
whether benefits are maintained across insomnia sever-
ity and objective sleep measures. In this aspect, this study 
provided promising preliminary evidence that weighted 
blankets may improve sleep and related symptoms. 

However. larger and high quality randomized controlled 
trails are required on this crucial topic.

Conclusion
In conclusion, our study showed positive effects of 
weighted blankets on sleep quality and a range of sleep-
related negative emotions and daytime symptoms. Our 
findings provide promising preliminary evidence for the 
possible efficacy and safety of weighted blankets in sleep 
intervention, offering an easy-to-use non-pharmacother-
apy option for adults with insomnia. More high-quality 
and large-scale randomized controlled trials are required 
to further validate the long-term efficacy of weighted 
blankets and explore its potential mechanisms.
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