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Abstract 

Background  Sleep problems are common among older adults and are associated with a wide range of adverse 
health outcomes. Concerns about pharmacological treatments have increased interest in non-pharmacological inter-
ventions; however, evidence comparing their relative effectiveness remains limited.

Methods  A systematic search was conducted in PubMed, Scopus, Embase, Web of Science, Cochrane Library, and CINAHL. 
Randomized controlled trials (RCTs) evaluating non-pharmacological interventions in adults aged ≥ 60 years published 
between 2000 and 2024 were included. Network meta-analyses were conducted using random-effects models to estimate 
standardized mean differences (SMDs) with 95% confidence intervals (CIs). P-scores were used to rank the efficacy of inter-
ventions. The protocol was registered in PROSPERO (CRD42024521492).

Results  Thirty-four RCTs involving 3078 participants and 21 interventions were included. Eleven interventions 
significantly improved sleep quality. Cognitive behavioral therapy for insomnia plus positive mood strategies (CBT-I+) 
showed the largest effect (P-score = 0.99, SMD = − 3.32, 95% CI − 4.59 to − 2.06), followed by cognitive behavioral ther-
apy for insomnia (CBT-I) (P-score = 0.92, SMD = − 2.18, 95% CI − 3.04 to − 1.31). Subgroup analyses indicated that music 
therapy (MUS) was more effective among participants with PSQI < 10 (SMD = − 1.25, 95% CI − 1.85 to − 0.65), whereas 
CBT-I+ showed greater effects for those with PSQI ≥ 10 (SMD = − 5.48, 95% CI − 6.80 to − 4.16). By intervention setting, 
traditional Chinese health-promotion exercise (TCHPE) was more effective in home-based settings (SMD = − 1.55, 95% 
CI − 2.60 to − 0.50), whereas CBT-I+ showed greater effects in non-home settings (SMD = − 3.31, 95% CI − 4.57 to − 2.06).

Conclusions  CBT-I+ was associated with the greatest improvements in sleep quality among older adults, particularly 
those with baseline PSQI ≥ 10 and in non-home settings. MUS showed greater benefits among older adults with base-
line PSQI < 10, and TCHPE showed greater benefits in home-based settings. These findings support stratified, context-
specific intervention selection. Given the low GRADE certainty, these results should be interpreted with caution.
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Background
Population aging has become one of the most signifi-
cant public health challenges of the twenty-first century 
[1]. Recent projections indicate that by the 2070s, adults 
aged ≥ 65 will outnumber those under 18 for the first time 
in history, with the proportion of older adults expected to 
rise from 6.8% in 2000 to 16.3% by 2050 and potentially 
exceeding 20% thereafter [2]. Population aging is there-
fore driving an urgent need to address its health implica-
tions [3].

Sleep plays a central role in maintaining physical and 
mental health across the lifespan by supporting physi-
ological function. In older adults, high-quality sleep is 
particularly important for preserving physiological func-
tion, cognitive performance, and emotional regulation 
[4, 5]. However, sleep problems are common in later life 
[6, 7]. Epidemiological studies estimate that 40–70% of 
older adults experience sleep disturbances, with 20–40% 
reporting poor sleep quality [8]. Poor sleep quality in 
later life often persists over time and is associated with 
increased physiological and psychological vulnerability. 
It has been associated with impaired immune responses, 
heightened cardiovascular risk, and neurocognitive 
decline [9–11]. Psychological consequences, including 
greater susceptibility to anxiety, depressive symptoms, 
and accelerated cognitive deterioration, are also fre-
quently reported [12, 13]. Collectively, this body of evi-
dence highlights the need for effective interventions to 
address poor sleep quality in older populations.

Current interventions to improve sleep quality in older 
adults include both pharmacological and non-pharma-
cological interventions [14]. Pharmacological treatments 
may provide short-term symptom relief but are limited 
by the risks of dependence, tolerance, and cognitive 
impairment [15–17]. Although newer Z-drugs were ini-
tially regarded as safer alternatives, emerging evidence 
indicates comparable safety concerns [18, 19]. At the 
drug-class level, a network meta-analysis reported that 
hypnotic medications provided only modest improve-
ment in sleep onset and duration, while the overall risk 
of adverse events among triazolam users was nearly 
twice that observed with zaleplon [20]. Extending these 
findings, an earlier meta-analysis showed that, com-
pared with placebo, patients taking sedative-hypnotics 
were almost five times more likely to experience cogni-
tive adverse events and nearly four times more likely to 
report daytime fatigue [21]. At the population level, a 
systematic review found that Z-drug use was associated 
with an approximately 60% increased risk of fractures 
and fall-related injuries among older adults [22]. Col-
lectively, evidence indicates that pharmacological sleep 
treatments offer limited benefits relative to their poten-
tial risks, underscoring the importance of prioritizing 

safe, evidence-based non-pharmacological interventions 
to promote sleep health in older adults.

In this context, non-pharmacological interventions, 
particularly cognitive behavioral therapy for insomnia, 
are increasingly recommended as preferred first-line 
treatments for chronic insomnia, owing to their favora-
ble safety profiles and demonstrated benefits [23, 24]. 
In addition, accumulating evidence suggests that exer-
cise [25], light therapy [26], mindfulness [27], and other 
complementary approaches may improve sleep outcomes 
while posing lower risks of adverse effects compared with 
pharmacological treatments.

Among non-pharmacological interventions, under-
standing their relative effectiveness is essential for 
informing clinical decision-making and guiding the 
rational allocation of healthcare resources. Due to the 
limited availability of studies comparing non-pharma-
cological interventions with each other and with differ-
ent control groups, such questions cannot be adequately 
addressed by conventional pairwise meta-analyses based 
solely on direct comparisons. In contrast, network meta-
analysis (NMA) enables the simultaneous synthesis of 
direct and indirect evidence, allowing estimation of 
relative treatment effects even in the absence of head-
to-head trials [28]. Accordingly, this study conducted a 
systematic NMA with three objectives: (1) to quantita-
tively compare the effectiveness of different non-phar-
macological interventions for improving sleep quality 
among older adults; (2) to establish a hierarchical rank-
ing of their comparative effectiveness; and (3) to generate 
evidence-based insights to support clinical practice and 
healthcare resource allocation. This study aims to inform 
the development of optimized, patient-centered inter-
vention strategies for promoting sleep health in aging 
populations.

Methods
Search strategy and selection criteria
We performed this systematic review according to a pre-
specified protocol (PROSPERO CRD42024521492) and 
reported according to Preferred Reporting Items for Sys-
tematic Reviews and Network Meta-Analyses (PRISMA-
NMA) guidelines [29] (see Additional file 1: Methods S1). 
Any deviations from the registered protocol are shown in 
Additional file 1: Methods S2.

Two reviewers (JS and HD) independently searched 
PubMed, Scopus, Embase, Web of Science, Cochrane 
Library, and CINAHL from January 1, 2000 to October 
20, 2024. In the literature search, the researchers used the 
following keywords (sleep OR parasomnia OR insomnia 
OR “circadian rhythm” OR polysomnog OR “overnight 
eeg” OR “Pittsburgh sleep quality index”) AND (program 
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OR training OR intervention OR treatment OR therapy 
OR education OR “non-pharmacological intervention”) 
AND (“randomized controlled trials” OR “quasi-rand-
omized controlled trials” OR “controlled clinical trials” OR 
“controlled before-and-after trials” OR “non-controlled 
before-and-after studies”). The complete search strategy is 
reported in Additional file 1: Methods S3.

Two reviewers (JS and HD) independently performed 
the literature screening. Discrepancies were resolved 
through discussion or, when necessary, consultation with 
a third reviewer. Studies were included if they met all of 
the following criteria: (1) participants were older adults 
aged ≥ 60 years, consistent with the United Nations defi-
nition and commonly adopted in aging research [30]; (2) 
the study adopted a randomized controlled trial design; 
and (3) sleep quality was reported as the primary out-
come and assessed using a validated questionnaire or an 
objective measurement tool. Participants were excluded 
if they had severe psychiatric disorders (including major 
depressive disorder, bipolar affective disorder, or schizo-
phrenia), cognitive impairment, or severe systemic dis-
eases, such as cardiac, hepatic, or renal failure, cancer, 
or other serious medical conditions. Detailed inclusion/
exclusion criteria based on the PICOS framework (Popu-
lation; Interventions; Comparison; Outcomes and Study 
design) are provided in Additional file 1: Methods S4.

All retrieved records were imported into EndNote 21, 
and the duplicates were removed. Two researchers (JS 
and HD) independently screened titles and abstracts to 
identify potentially relevant studies. The full texts of all 
potentially eligible articles were then retrieved and inde-
pendently assessed for eligibility according to the prede-
fined inclusion criteria.

Data extraction
Two researchers (JS and HD) individually extracted 
data from the included studies using a predesigned 
data extraction form. The extracted data included study 
characteristics (e.g., author’s name and year of publi-
cation), participants’ baseline characteristics (e.g., age 
demographics, percentage of men and women, sample 
sizes for each group), interventions administered (e.g., 
types of non-pharmacological interventions), and out-
comes reported (e.g., sleep quality). Detailed definitions 
of intervention and control are provided in Additional 
file  1: Table  S1. Sleep-related outcomes were assessed 
using validated measurement instruments (see Addi-
tional file  1: Table  S2). For studies reported in multiple 
publications, duplicate data were collated and extracted 
only once. For trials with multiple follow-up periods, the 
immediate post-intervention outcome was selected for 
analysis. Means and standard deviations (SDs) at baseline 
and post-intervention were extracted as the primary data 

for analysis. When standard deviations were not directly 
reported, they were estimated from standard errors, 95% 
confidence intervals (CIs), ranges, or interquartile ranges, 
as appropriate. The detailed formulas and procedures 
used for standard deviation estimation are provided 
in Additional file  1: Methods S5. Disagreements were 
resolved by consensus.

Risk of bias and certainty of evidence
The risk of bias of each included study and outcome was 
assessed independently by two reviewers (JS and HD) 
using the Cochrane Risk of Bias 2.0 tool [31]. The assess-
ment focused on the effect of assignment to interven-
tion (intention-to-treat effect). Methodological quality 
was evaluated across five domains: (1) randomization; 
(2) deviations from intended intervention; (3) missing 
outcome data; (4) measurement of the outcome; and (5) 
selection of the reported result. Each domain involves a 
series of signaling questions relevant to the risk of bias, 
resulting in a proposed judgment of “low risk,” “some 
concerns,” or “high risk.” Disagreements were discussed 
with a third reviewer (ST) until consensus was reached. 
An overall judgment of high risk was made when either 
multiple domains were assessed as having some concerns 
or if any domain was judged as having a high risk of bias; 
if a domain was judged as having some concerns, this led 
to an overall assessment of some concerns, whereas only 
a judgment of low risk in all domains yielded in an overall 
judgment of low risk of bias.

The certainty of evidence was evaluated using the CIN-
eMA (Confidence in Network Meta-Analysis) frame-
work, a GRADE-based approach designed for NMAs 
[32]. CINeMA evaluates six domains: (1) within-study 
bias (referring to the impact of risk of bias in the included 
studies); (2) reporting bias (referring to publication and 
other reporting bias); (3) indirectness; (4) imprecision; 
(5) heterogeneity; and (6) incoherence. The final assess-
ment follows the GRADE paradigm: judgments across 
domains are summarized into four levels of confidence 
(high, moderate, low, very low). Confidence ratings begin 
at high and are downgraded by one level for domains 
with some concerns and by two levels for domains with 
major concerns [33]. 

Data synthesis and data analysis
We employed a network meta-analysis framework, which 
extends conventional pairwise methods by integrating all 
available evidence to enable the simultaneous compari-
son and hierarchical ranking of multiple interventions 
within a unified analytical model [34]. All analyses were 
performed in R (version 4.3.0, R Foundation for Statisti-
cal Computing). A frequentist network meta-analysis was 
performed using the “netmeta” package. For continuous 
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outcomes, the standardized mean difference (SMD) was 
calculated with 95% CI to accommodate heterogeneous 
measurement scales [35]. When interpreting the SMD, 
0.2, 0.5, and 0.8 indicate small, moderate, and large effect 
sizes, respectively [36]. Studies reporting medians and 
interquartile ranges were converted to means and standard 
deviations using validated methods. The statistical consist-
ency between direct and indirect evidence was evaluated 
using node splitting analysis. The I2 statistic was calculated 
to indicate heterogeneity between studies, with 25%, 50%, 
and 75% classified as low, medium, and high heterogene-
ity, respectively [37]. Intervention rankings were generated 
using P-scores, which range from 0 to 1 and summarize 
the relative performance of interventions based on the 
extent to which they are superior to competing alterna-
tives [38, 39]. Rankograms and cumulative ranking prob-
ability plots were used to visualize the relative ranking of 
interventions. Publication bias was assessed using funnel 
plots and Begg’s test. Sensitivity analyses were conducted 
using a leave-one-out approach [40]. Exploratory subgroup 
analyses were conducted post hoc to examine potential 
sources of heterogeneity, including baseline sleep quality 
(PSQI < 10, PSQI ≥ 10) [41, 42] and intervention setting 
(home-based, non-home-based). These subgroup analyses 
were not pre-specified in the protocol and should be inter-
preted with caution.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Study selection
A total of 4812 studies were identified through database 
searches, with an additional 23 found through references 
in previous reviews. After removing duplicates, 3783 
entries were screened. Following a review of titles and 
abstracts, 3681 entries were excluded, leaving 102 papers 
for full-text analysis. Ultimately, 34 studies [23, 43–75] 
were included in the network meta-analysis (Fig. 1). All 
studies were published between 2000 and 2024, and the 
number of people included totaled 3078, including 1708 
in the intervention group and 1370 in the control group. 
Subjects were all aged 60 years and above. The interven-
tions include cognitive behavioral therapy, behavioral 
therapy, mindfulness, group reminiscence therapy, exer-
cise, relaxation, education, music, tactile stimulation, 
visual stimulation, and aromatherapy. The characteris-
tics of the included studies are shown in Table 1, and the 
reasons for exclusion after full-text review are detailed in 
Additional file 1: Table S3.

Network meta‑analysis
The network plots of included studies are presented in 
Fig. 2. The results of the network meta-analysis are sum-
marized in Fig.  3. Compared with the control group, 
CBT-I+ , CBT-I, STE, GRT, SCT, REL, MUS, SRT, 
TCHPE, TS, and AE were associated with significantly 
improved sleep quality among older adults. Among these 
interventions, CBT-I+ (P-score = 0.99, SMD = − 3.32, 
95% CI − 4.59 to − 2.06), CBT-I (P-score = 0.92, SMD = 
− 2.18, 95% CI − 3.04 to − 1.31), STE (P-score = 0.76, 
SMD = − 1.52, 95% CI − 2.59 to − 0.45), GRT 
(P-score = 0.71, SMD = − 1.37, 95% CI − 2.49 to − 0.26), 
SCT (P-score = 0.68, SMD = − 1.32, 95% CI − 2.41 
to − 0.23), REL (P-score = 0.65, SMD = − 1.19, 95% 
CI − 1.98 to − 0.40), MUS (P-score = 0.64, SMD = − 1.14, 
95% CI − 1.71 to − 0.57), SRT (P-score = 0.61, SMD = 
− 1.10, 95% CI − 2.18 to − 0.02), TCHPE (P-score = 0.61, 
SMD = − 1.04, 95% CI − 1.52 to − 0.57), TS 
(P-score = 0.60, SMD = − 1.06, 95% CI − 1.72 to − 0.39), 
and AE (P-score = 0.35, SMD = − 0.55, 95% CI − 1.08 
to − 0.01). Detailed pairwise comparisons are presented 
in the league table (see Additional file 1: Fig. S1), and the 
cumulative ranking probabilities in the P-score plot (see 
Additional file 1: Fig. S2). The heterogeneity test revealed 
a high degree of inter-study heterogeneity (I2 = 80.2%). 
Therefore, we used the random-effects model for meta-
analysis. Subgroup analyses were conducted according to 
baseline sleep quality and intervention setting.

Risk of bias and certainty of evidence
The risk of bias assessment for the 34 included RCTs is 
summarized in Figs. 4 and 5. Overall, only 5/34 (14.7%) 
studies were rated as low risk. Across the five assessment 
domains, the randomization process had the lowest risk 
of bias; 29 (85.3%) studies were categorized as low risk, 
primarily due to adequate sequence generation (e.g., 
computer-based randomization) and allocation conceal-
ment methods (e.g., sealed opaque envelopes). In con-
trast, measurement of the outcome had the highest risk 
of bias; 15 studies (44.1%) exhibited high risk, attribut-
able to insufficient blinding of outcome assessors.

The certainty of evidence for all comparisons evalu-
ated using CINeMA was predominantly rated as very low 
(89.3% of pairwise contrasts), with only three compari-
sons rated as low confidence. This was mainly attributed 
to the limited number of studies informing each com-
parison, which contributed to increased imprecision and 
heterogeneity (see Additional file 1: Table S4).

Subgroup analyses
Statistical tests for between-subgroup differences are 
only valid when the subgroup networks share a common 
structure and reference treatment, so that all parameters 
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can be estimated on a comparable scale [76]. In this 
study, such assumptions were not met; therefore, sub-
group results were analyzed descriptively.

Baseline sleep quality
The results are shown in Figs.  6 and 7. For participants 
with PSQI < 10, the observed effect sizes were compara-
tively smaller, and only TS (SMD = − 1.06, 95% CI − 1.54 
to − 0.59), AT (SMD = − 0.97, 95% CI − 1.77 to − 0.17), 
TCHPE (SMD = − 0.92, 95% CI − 1.35 to − 0.49), CBT-I 
(SMD = − 0.83, 95% CI − 1.52 to − 0.15), and MBE 
(SMD = − 0.47, 95% CI − 0.81 to − 0.13) were associated 
with statistically significant improvements in sleep qual-
ity compared with the control group. Among participants 
with PSQI ≥ 10 at baseline, CBT-I+ (SMD = − 5.48, 95% 
CI − 6.80 to − 4.16), CBT-I (SMD = − 5.03, 95% CI − 6.28 
to − 3.77), REL (SMD = − 1.89, 95% CI − 2.60 to − 1.77), 
STE (SMD = − 1.52, 95% CI − 2.13 to − 0.91), GRT 
(SMD = − 1.37, 95% CI − 2.07 to − 0.68), SCT (SMD = 

− 1.32, 95% CI − 1.97 to − 0.68), SRT (SMD = − 1.10, 95% 
CI − 1.74 to − 0.47), MIND (SMD = − 1.05, 95% CI − 1.76 
to − 0.34), MCI (SMD = − 1.03, 95% CI − 1.67 to − 0.39), 
MUS (SMD = − 1.03, 95% CI − 1.53 to − 0.53), AE (SMD = 
− 0.53, 95%CI − 0.92 to − 0.13), and TCHPE (SMD = 
− 1.10, 95% CI − 1.53 to − 0.68) were associated with 
greater improvements in sleep quality compared with the 
control group. Consistent with the overall results, inter-
vention effects were more pronounced among partici-
pants with higher baseline PSQI scores.

Intervention setting
The results are shown in Figs.  8 and 9. Among par-
ticipants in home-based intervention settings, TCHPE 
(SMD = − 1.55, 95% CI − 2.60 to − 0.50), STE (SMD = 
− 1.52, 95% CI − 2.46 to − 0.57), TS (SMD = − 1.28, 
95% CI − 2.00 to − 0.56), and MUS (SMD = − 1.14, 
95% CI − 1.65 to − 0.63) were associated with greater 

Fig. 1  PRISMA diagram
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improvements in sleep quality compared with the control 
group. For participants in non-home interventions (e.g., 
nursing homes, communities), CBT-I+ (SMD = − 3.31, 
95% CI − 4.57 to − 2.06), CBT-I (SMD = − 2.17, 95% 
CI − 3.03 to − 1.31), REL (SMD = − 1.89, 95% CI − 3.01 
to − 0.76), SCT (SMD = − 1.32, 95% CI − 2.40 to − 0.24), 
SRT (SMD = − 1.10, 95% CI − 2.18 to − 0.03), TCHPE 
(SMD = − 0.96, 95% CI − 1.48 to − 0.44), and AE (SMD = 
− 0.64, 95% CI − 1.24 to − 0.04) were associated with 
greater improvements in sleep quality compared with the 
control group.

Additional analysis
The trace and density plots (Additional file  1: Fig. S3) 
showed no identifiable trends, indicating stable conver-
gence of the model parameters. Results of the global and 
local inconsistency assessments are provided in Addi-
tional file 1: Fig. S4. The comparison-adjusted funnel plot 
(Additional file 1: Fig. S5) revealed no substantial asym-
metry, indicating no significant publication bias. Begg’s 
tests (p = 0.17) revealed no significant publication bias 
(Additional file 1: Table S5). Details of sensitivity analyses 
are shown in Additional file 1: Fig. S6.

Discussion
To our knowledge, we conducted the most comprehen-
sive network meta-analysis examining non-pharmaco-
logical interventions on sleep quality in older adults. In 
the context of population aging and the growing preva-
lence of sleep problems among older adults, we system-
atically synthesized existing evidence and quantitatively 
compared diverse interventions, thereby providing an 
evidence-based foundation for the theoretical devel-
opment and practical improvement of geriatric sleep 
health interventions. Theoretically, this study dem-
onstrates the contextual variability of non-pharmaco-
logical interventions among older adults. Subgroup 
analyses revealed that intervention effectiveness var-
ied by baseline sleep quality and intervention setting, 
deepening the theoretical understanding of context-
dependent effects in geriatric sleep health. Practically, 
these findings offer an empirical basis for stratified, 
context-specific decision-making in sleep management 
among older adults, providing a valuable reference for 
the adaptation of intervention strategies across differ-
ent settings.

Our study revealed that CBT-I and its enhanced ver-
sion, CBT-I+ , were superior to the other interventions. 
These findings were consistent with previous evidence 

Fig. 2  Network plots of trials included in meta-analysis. Notes: The size of the nodes is proportional to the number of participants (i.e., sample 
size) involving the specific intervention. The connecting lines represent direct comparisons. Line thickness corresponds to the relative weight 
of the evidence for each comparison, and the numbers on the lines indicate the studies contributing direct evidence
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demonstrating CBT-I’s capacity to modify maladaptive 
sleep-related cognitions and regulate circadian rhythms 
[77, 78]. Notably, the effect sizes observed here appeared 
larger than those reported in their meta-analyses. This 
may be attributed to our study focus on strictly defined 
geriatric populations (≥ 60 years) and the incorporation 

of mindfulness techniques in CBT-I+ , which may 
enhance anxiety management—a common comorbid-
ity in insomnia [79]. However, it has to be recognized 
that the difference could also be due to the small num-
ber of studies included in the analysis. In addition, vari-
ations in study quality, measurement instruments, and 

Fig. 3  Forest plot showing the effects of non-pharmacological interventions compared with control on sleep quality in older adults 
(random-effects model). Notes: Negative SMD values represent better sleep outcomes (improvement), whereas positive SMD values represent 
worse sleep outcomes

Fig. 4  Risk of bias assessment of articles included in meta-analysis
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sample composition may have further contributed to the 
observed discrepancies. Nevertheless, results from our 
sensitivity analyses indicated that the exclusion of indi-
vidual studies did not materially alter the pooled effect 
estimates or the ranking of interventions, suggesting that 
the findings are generally robust. Although no significant 
publication bias was detected, the potential influence of 
small-study effects or unreported negative findings can-
not be completely ruled out.

Compared with previous studies, the effect of aerobic 
exercise observed in this study appeared to be relatively 
weaker [80–82]. This discrepancy may reflect variations 
in exercise intensity, adherence rates among older adults, 
or reliance on subjective sleep metrics rather than objec-
tive measures like actigraphy [83, 84]. Previous evidence 
suggests that older adults often demonstrate reduced 
adherence to prescribed exercise regimens due to physi-
cal limitations or motivational factors and that studies 
relying primarily on self-reported sleep outcomes tend to 
overestimate intervention benefits compared with actig-
raphy-based assessments [68]. In addition, preserved 
mobility may enhance activity tolerance but masks sleep-
related benefits through ceiling effects that congruent 
with existing studies showing improved sleep continuity 
in older adults after exercise [85]. It is notable that our 
network meta-analysis complements the findings of the 
previous study, the results revealing that Chinese tradi-
tional health promotion programs, such as Taiji and Bad-
uanjin, have a significant advantage over aerobic exercise 
in improving sleep quality in older adults [86]. This may 
be partly attributable to their cultural congruence within 
East Asian populations, which may enhance adherence 
rates, a key confounding factor that has been insuffi-
ciently controlled for in previous cross-cultural studies.

Interventions such as CBT-I+, MUS, and TCHPE 
showed greater efficacy in individuals with moderate-to-
severe sleep dysfunction, aligning with studies empha-
sizing targeted therapy for high-risk subgroups [87–89]. 
In addition, the superiority of MUS, TS, and TCHPE 
in home-based settings underscores the importance 
of adaptability and minimal resource requirements for 
community-dwelling older adults. The sustained benefits 
of home-based interventions may be attributed to their 
seamless integration with daily routines, where environ-
mental cues reinforce habit formation while eliminating 
logistical barriers [88, 90]. In contrast, CBT-I leverages 
structured professional guidance to ensure fidelity in 
implementing cognitive restructuring techniques, mak-
ing it indispensable for addressing complex maladaptive 
beliefs resistant to self-guided interventions [91].

The effect size of CBT-I+ in the baseline PSQI ≥ 10 
subgroup was significantly higher than its pooled effect 
in the whole population, suggesting that the inter-
vention has a specific reinforcing effect on patients 
with severe sleep disorders, which may be related to 
a neuroplasticity threshold effect. Enhanced thera-
peutic efficacy of CBT-I+ in moderate-to-severe 
insomnia (PSQI ≥ 10) may be mediated through neuro-
plastic adaptations in the dorsolateral prefrontal cortex 
(DLPFC). Neuroimaging studies demonstrate that CBT-
I-induced gray matter volume increases in this pre-
frontal region show a significant correlation with PSQI 
improvement scores in severe insomnia cohorts [92]. 
This neuroanatomical remodeling suggests top-down 
cognitive control mechanisms underlying insomnia 
remediation. From a clinical perspective, these findings 
may indicate the potential value of prioritizing CBT-
I+ for patients with more severe insomnia, suggesting 

Fig. 5  Risk of bias graph
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that intervention protocols may be optimized through 
symptom-based stratification and differential alloca-
tion of therapeutic design. Prior research on personal-
ized CBT has indicated that tailoring therapy features 
to baseline severity may enhance responsiveness [93]. 
In addition, remote or telephone-delivered adaptations 
of CBT-I have demonstrated durable effects in older 
adults, underscoring that CBT protocols can be flex-
ibly designed to suit varying patient needs [94]. Such 

an approach may help enhance treatment efficiency 
and resource utilization in geriatric sleep management. 
Future studies may further examine whether tailoring 
CBT-I+ design according to baseline sleep quality can 
improve long-term effectiveness in older adults.

Based on the present findings, several directions 
for future research and practice may be considered. 
Although non-pharmacological interventions are 
increasingly recognized as safer and more sustainable 

Fig. 6  Network plots of subgroup analysis by baseline sleep quality (PSQI < 10 vs PSQI ≥ 10). Notes: The size of the nodes is proportional 
to the number of participants (i.e., sample size) involving the specific intervention. The connecting lines represent direct comparisons. Line 
thickness corresponds to the relative weight of the evidence for each comparison, and the numbers on the lines indicate the studies contributing 
direct evidence
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approaches, high-quality randomized controlled tri-
als in older populations remain limited. Future stud-
ies should continue to enhance methodological rigor 
and examine intervention effectiveness across diverse, 
real-world contexts. In this study, most non-pharma-
cological interventions showed effectiveness among 
participants with poorer baseline sleep quality, suggest-
ing that greater baseline impairment may have a larger 
scope for improvement, and this association warrants 
further empirical validation in future research. What is 
more, further research should strengthen the evidence 
base for understudied interventions to optimize sleep 
management strategies and health promotion in the 
aging population.

Although available evidence consistently supports 
non-pharmacologic interventions for improving sleep 
quality in older adults, limited guidance exists on which 
non-pharmacologic interventions to recommend. Our 
study provides a comprehensive synthesis of evidence 
on non-pharmacological interventions for improving 
sleep quality among older adults, offering compara-
tive insights across a broad range of intervention types. 
Eleven interventions were identified as being associ-
ated with significant improvements in sleep quality 
compared with the control group. While these findings 
enhance current understanding of non-pharmacologi-
cal sleep interventions, several methodological factors 
warrant consideration when interpreting the results. 
The observed variability in pooled effects likely reflects 
between-study methodological heterogeneity, including 
differences in intervention implementation, manage-
ment of intervention and control groups, feasibility of 
participant blinding, and potential expectancy- or behav-
ior-related influences among participants. Variability in 
intervention fidelity, adherence, and outcome measure-
ment tools may also have contributed to heterogeneity 
across studies. These factors collectively introduce com-
plexity into the interpretation of aggregated findings. 
Despite this, the use of a random-effects model and con-
firmation of parameter convergence (via trace and den-
sity plots) enhance confidence in the stability of pooled 
estimates; clinicians should interpret these results cau-
tiously, as heterogeneity may obscure intervention-spe-
cific nuances.

This study also has some limitations: (1) Although 
we searched for all available studies targeting sleep 
quality in older adults, the number of RCTs remains 
limited, suggesting that additional rigorous trials are 
required. (2) Some interventions showed a considerable 
level of heterogeneity, and thus should be interpreted 
with caution. (3) Non-pharmacological therapies such 
as light therapy that may affect sleep quality in older 
adults were not explored in this study due to the lack 
of data related to sleep quality. (4) Given the nature 
and implementation modalities of non-pharmacolog-
ical interventions, it is challenging to employ alloca-
tion concealment and blinding in such studies, thereby 
potentially introducing biases in implementation and 
measurement. (5) Furthermore, given the inherent lim-
itations of network meta-analysis and the paucity of lit-
erature on certain interventions, the findings should be 
interpreted with caution.

Conclusions
This study conducted a comprehensive search across 
6 databases and conducted a network meta-analysis 
of 34 randomized controlled trials (involving 3078 

Fig. 7  Forest plot showing the effects of non-pharmacological 
interventions on sleep quality among older adults, stratified 
by baseline sleep quality (random-effects model). Notes: Negative 
SMD values represent better sleep outcomes (improvement), 
whereas positive SMD values represent worse sleep outcomes
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participants) to compare the effects among which 
cognitive behavioral therapy for insomnia plus posi-
tive mood strategies (CBT-I+) showed the greatest 
overall effectiveness in improving sleep quality among 
older adults. Subgroup analyses indicated that the rela-
tive effectiveness of interventions varied according to 
baseline sleep quality and intervention setting. Spe-
cifically, CBT-I+ showed greater effects among older 
adults with poorer baseline sleep quality (PSQI ≥ 10) 

and those receiving interventions in non-home set-
tings. In contrast, music therapy showed greater ben-
efits among individuals with relatively better baseline 
sleep quality (PSQI < 10), whereas traditional Chinese 
health-promotion exercises (e.g., Taiji, Baduanjin) 
were more effective in home-based settings. These 
findings suggest that stratifying non-pharmacological 
interventions according to baseline sleep quality and 
intervention settings may inform future intervention 

Fig. 8  Network plots of subgroup analysis by intervention setting (home-based vs non-home-based). Notes: The size of the nodes is proportional 
to the number of participants (i.e., sample size) involving the specific intervention. The connecting lines represent direct comparisons. Line 
thickness corresponds to the relative weight of the evidence for each comparison, and the numbers on the lines indicate the studies contributing 
direct evidence
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design. Structured interventions such as CBT-I+ may 
be more appropriate for older adults with poorer base-
line sleep quality, whereas self-directed approaches 
may be better suited to individuals with relatively bet-
ter sleep quality and to home-based intervention con-
texts. Together, these findings contribute to refining 
evidence-based strategies for improving sleep health in 
aging populations.
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