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Fig. 1. Forest plots of agitated behaviour and subgroup analysis. (A) Forest plots of agitated behaviour. (B) Subgroup analysis of regional differences. 
(C) Subgroup analysis of intervention design. (D) Subgroup analysis of control group.

A. Forest plots of agitated behaviour.

B. Subgroup analysis of regional differences.
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C. Subgroup analysis of intervention design.

assessment showed good data integrity and appro-
priate randomisation in most trials, although allocation 
concealment and blinding required improvement  
(inter-rater kappa = 71.4–100.0%; Supplementary  
Table S2).

The meta-analysis demonstrated that DT signifi- 
cantly reduced agitation—the outcome supported  

by the high-quality evidence (9 studies, n=845) and 
the only outcome awarded a high GRADE rating 
(Supplementary Table S3). The pooled effect was  
SMD=-0.59 (95% confidence interval [CI] -0.91  
to -0.28, P<0.001; I²=72.4%) (Fig. 1). Egger’s test 
showed no publication bias (P=0.119). Sensitivity 
analysis identified 1 outlier (Santagata et al.11; SMD=-
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1.98); its removal reduced heterogeneity to I²=5.1% 
while preserving significance (SMD=-0.36, P<0.001), 
confirming robustness.
 Subgroup and meta-regression analyses identified  
key moderators of efficacy. Regional differences  
revealed varying effect sizes: Europe12 (SMD=-1.03, 
95% CI -1.81 to -0.26), Asia13 (SMD=-0.62, 95%  
CI -1.03 to -0.21), and Australia14 (SMD=-0.24, 95%  
CI -0.42 to -0.05), underscoring the influence of  
cultural contexts on acceptance and implementation. 
Intervention intensity showed that longer session  
length (≥2 hours; SMD=-1.35, 95% CI -2.61 to -0.09) 
and greater total intervention duration (≥12 weeks; 
SMD=-1.15, 95% CI -2.23 to -0.08) produced markedly 
larger effects than shorter regimens. DT also showed  
the greatest advantage over standard care (z=2.82, 
P=0.005) (Fig. 1). Meta-regression confirmed  
region (coefficient = 0.39, P=0.023) and session length 
(coef = -1.04, P<0.001) as independent predictors;  
doll type and participant characteristics were non-
significant (P>0.05).

For the remaining outcomes, DT improved overall 
behavioural symptoms (7 studies; SMD=-0.95, 95%  
CI -1.38 to -0.53, P<0.001, I²=66.2%), with parallel 
subgroup patterns favouring European studies  
and longer session length (Supplementary Fig. S2). 
Sensitivity analyses confirmed robustness despite 

heterogeneity. Quality of life demonstrated a large, 
consistent gain (4 studies; SMD=1.00, 95% CI 0.81–
1.18, P<0.001; I²=0.0%, moderate-quality evidence; 
Supplementary Fig. S3). Cognitive function showed  
a positive but non-significant trend (5 studies;  
SMD=0.70, 95% CI -0.05 to 1.45, P=0.068, I²=93.5%; 
Supplementary Fig. S4). Narrative synthesis revealed 
additional benefits for emotional states (reduced 
anxiety and depression, increased happiness) and  
other behavioural symptoms (apathy, irritability, and 
eating behaviour).

These findings indicate that DT significantly  
reduces overall behavioural symptoms and agitated 
behaviours while improving emotional states. Sub- 
group analyses showed that longer session lengths 
and European settings are associated with greater 
effectiveness, highlighting the critical role of sustained 
engagement and cultural factors. For agitation 
specifically, sensitivity analysis confirmed Santagata  
et al.11 as the primary source of heterogeneity, attribu-
table to its rigorous design and high-quality care  
delivery. Meta-regression and subgroup analyses 
verified that longer session length (≥2 hours), longer 
total intervention duration (≥12 weeks), and regional 
differences independently enhanced efficacy, aligning 
with attachment theory’s emphasis on prolonged 
interaction for emotional bonding and regulation. 

D. Subgroup analysis of control group.

CI: confidence interval; SMD: standardised mean difference
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