
Multilevel model  

The multilevel model, which can handle repeated measures data, was applied to assess the effect of 

self-management strategies to the overall summary (OS) of CHF-PRO. The main concept of this model is 

to estimate variance at each level and consider the effect of the explanatory variables on the variance to 

estimate the regression coefficient effectively [11]. The model was constructed as follows: 

𝑌𝑖𝑗 = 𝛽0𝑗 + ∑ 𝛽𝑖𝑗𝑋𝑖𝑗 + 𝑒𝑖𝑗𝑖=1           (1) 

𝛽0𝑗 = 𝛽0 + 𝑢0𝑗                     (2) 

𝛽𝑖𝑗 = 𝛽𝑗 + 𝑢𝑖𝑗                      (3) 

𝑌𝑖𝑗 represents OS of CHF-PRO taken from the 𝑖th person; 𝑒𝑖𝑗 is the residual of the first level; 𝛽0𝑗 is 

the coefficient variable, which could be formulated by equation 2; 𝛽0 and 𝛽𝑗 stand for fixed parameters 

representing the average of the intercept and slope, respectively; and 𝑢0𝑗 and 𝑢𝑖𝑗 represent interindividual 

variability in intercepts and slopes via random effects. Maximum likelihood estimates can be computed 

from the covariance matrix. 

 

Multivariate multilevel model  

The multivariate multilevel model was fitted to assess self-management strategies on physical scores 

(PHYS), psychological scores (PSYS) [11]. The multivariate variance components model was constructed 

as follows: 

𝑌𝑖𝑡𝑘 = ∑ 𝐷𝑘𝑘 (𝛽0𝑖𝑘 + 𝛽1𝑖𝑘 + 𝑒𝑖𝑡𝑘)        (4) 

𝛽0𝑖𝑘 = 𝛽0𝑘 + 𝑢𝑜𝑖𝑘                    (5) 

𝛽1𝑖𝑘 = 𝛽1𝑘 + 𝑢1𝑖𝑘                    (6) 



In the equation above, 𝑌𝑖𝑡𝑘 represents the vector of two outcome measurements, taken from the 𝑖 th 

person at time 𝑡; 𝐷𝑘 is a pseudo variable, with a unique pseudo variable for each outcome; the 𝑘 response 

variable, 𝛽0𝑖𝑘 is the overall intercept for person 𝑖; 𝛽1𝑖𝑘 denotes a patient-specific slope; and 𝑒𝑖𝑡𝑘 is 

residual error at time 𝑡 for person 𝑖.  

In the present study, model 1 was the null model. Time was added to model 1 as an explanatory 

variable to establish model 2, which was used to study the effect of time on variables. Model 3 was 

constructed when baseline information and self-management situation of participants were included in 

model 2. 

MCID  

Although P < 0.05 is often considered to be the criterion for evaluating the effectiveness of an 

intervention in PRO or QoL, the P value merely represents statistical significance. In our study, MCID 

was introduced to analyze its clinical significance to determine more effective self-management 

strategies. ES of the distribution method was applied to calculate MCID according to characteristics of the 

current CHF-PRO data [10, 12]. ES was formulated as follows: 

𝐸𝑆 =
�̅�1−�̅�0

√∑(𝑥0−�̅�0)2/(𝑛−1)
            (7) 

In the equation above, 𝑥0 represents baseline scores of patients. �̅�0 represents the average baseline 

scores of individuals, and �̅�1 is the average follow-up scores of individuals. In our study, a moderate 

effect of 0.5 was used as the effect size statistics to estimate MCID. 

Finally, β values of the multi-level model were compared with MCID. The first level of the variables 

was considered “0”, and multiplied the β value by the grade of levels minus “1”. The corresponding grade 

of variables up to MCID was defined as reaching clinical significance. 

 


