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Two-level regression model equation  

𝑦𝑖𝑗 = 𝛽0 + 𝛽1𝑡𝑖𝑚𝑒𝑖𝑗 + 𝛽2𝑝𝑖𝑙𝑜𝑡𝑖𝑗 + 𝛽3𝑡𝑖𝑚𝑒_𝑎𝑓𝑡𝑒𝑟_𝑝𝑖𝑙𝑜𝑡𝑖𝑗 + 𝛽4𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛𝑖𝑗 

+ 𝛽5𝑡𝑖𝑚𝑒_𝑎𝑓𝑡𝑒𝑟_𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛𝑖𝑗 + 𝛽6 𝑋𝑖𝑗 + 𝑢0𝑗 + 𝑢2𝑗𝑝𝑖𝑙𝑜𝑡 𝑖𝑗 

+ 𝑢4𝑗𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛 𝑖𝑗 +  𝜀𝑖𝑖  

𝛽0𝑗 =  𝛽0 + 𝑢0𝑗  

𝛽2𝑗 =  𝛽2 + 𝑢2𝑗  
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𝛽4𝑗 =  𝛽4 + 𝑢4𝑗  

In this regression equation, 𝑦𝑖𝑗  is the monthly mean expenditures per patient visit for month i in 

hospital j. 𝑡𝑖𝑚𝑒 is the month number from 1 to 56 where 1= January 2017, 56 = December 2021 

(months from January 2020 to April 2020 were excluded from model due to the COVID-19 

outbreak). 𝑝𝑖𝑙𝑜𝑡 is the binary indicator for NVBP pilot from April 2019 to December 2021 equal 

to 1 if the month occurred in that period and 0 otherwise. time_after_pilot is the trend count 

variable for the NVBP pilot period where 0 = before April 2019, 1 = April 2019, and 29 = 

December 2021. expansion is the binary indicator for NVBP expansion from May, 2020 to 

December 31, 2021 equal to 1 if the month occurred in that period and 0 otherwise. 

time_after_expansion is the trend count variable for the NVBP expansion period where 0 = before 

May 2020, 1 = May 2020, and 20 = December 2021.  

The 𝛽0, 𝛽1, 𝛽2, 𝛽3, 𝛽4, 𝛽5, 𝛽6 in equation are regression coefficients, representing the overall 

average effects across all hospitals. 𝛽0 is the intercept. 𝛽1 is the trend in expenditures before the 

NVBP pilot program. 𝛽2  is the immediate level change in expenditures following the NVBP pilot. 

𝛽3is the change in the trend of expenditures during the NVBP pilot period, compared to the 

preNVBP pilot period. 𝛽4 is the immediate level change in expenditures following the NVBP 

expansion, while 𝛽5 is the trend change in expenditures during the NVBP expansion period, 

relative to the trend during the NVBP pilot period. 𝛽6 is a vector of estimates corresponding to the 

individual covariates, which is the monthly proportion of male patients, the mean age of patients, 

the mean number of unique medications prescribed, comorbid diagnoses (in inpatient expenditure 

models only), and dummy variables for calendar months.  

The 𝑢0𝑗, 𝑢2𝑗, 𝑢4𝑗 in equation are random residual error terms at the hospital level, accounting for 

the hospital-specific variance of the regression coefficients for 𝛽0, 𝛽2, and 𝛽4 respectively. By 

incorporating  𝑢0𝑗, 𝑢2𝑗, 𝑢4𝑗, we estimated the different coefficients of intercept (𝛽0𝑗), as well as the 

different coefficients of level changes in expenditures post-NVBP pilot (𝛽2𝑗 ) and NVBP expansion 

(𝛽4𝑗) across each hospital.   

The random error terms for two policy effect parameters—the trend changes in expenditures 

postNVBP pilot (𝑢3𝑗) and NVBP expansion (𝑢5𝑗)—were not included in the two-level regression 
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model. This decision was based on the small variance of the residual errors, which indicated 

minimal variation in the trend changes in expenditures between hospitals after the NVBP pilot and 

expansion. Additionally, including these variance components led to convergence issues in the 

model,1 further supporting their exclusion. To balance type I error and statistical power,2  the 

outpatient expenditure models included intercept, as well as both level changes associated with the 

NVBP pilot and NVBP expansion as random error terms at the hospital level. In contrast, for the 

inpatient expenditure models, only intercept and the level change for the NVBP expansion were 

included as random error terms at the hospital level.  

  

Relative Changes Estimation   

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑐ℎ𝑎𝑛𝑔𝑒 = 100 ∗ ∑ 𝑇𝑡=𝑡∗+1(�̂� 𝑡∑ 𝑤𝑖𝑡𝑇 ℎ) −(𝑌 ∑̂ 𝑡 

𝑤𝑖𝑡𝑇𝑡=𝑡ℎ∗+𝑜𝑢𝑡1()�̂� 𝑡 𝑤𝑖𝑡ℎ𝑜𝑢𝑡)     𝑡 ∈ {𝑡∗, … , 𝑇)  

   𝑡=𝑡∗+1 

Where 𝑡∗ is the first month after the NVBP implementation (April 2019). 𝑇 is the last month after 

the NVBP implementation observed in this study (December 2021). 𝑡 is the month for which 

expected expenditures were calculated under the ITS model. In this study, we first calculated the 

predicted expenditures for each month from April 2019 to December 2021. ∑𝑇𝑡=𝑡∗+1(�̂� 𝑡 𝑤𝑖𝑡ℎ) is the 

average predicted expenditures over the entire post-NVBP period (factual scenario).   

∑𝑇𝑡=𝑡∗+1(�̂� 𝑡 𝑤𝑖𝑡ℎ𝑜𝑢𝑡) is the average predicted expenditures over the entire post-NVBP period 

assuming that the NVBP had not been implemented (counterfactual scenario).  
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