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Rationales for using ITS design

Interrupted time series (ITS) analysis is a valuable design for evaluating the effects of a population-
level intervention.!® Research evidence from ITS design studies could also be included in
systematic reviews to inform policy decisions.* We considered ITS as an appropriate approach to
assess the effectiveness of NVBP program in this study for several reasons. Firstly, there is a clear
differentiation of the pre-NVBP period and the post-NVBP period, with well-defined time points
for multiple rounds of NVBP as stated in the procurement documents available on the websites of
the Sunshine Medical Procurement All-In-One (https://www.smpaa.cn/gjsdcg/index_gg.shtml)
and the Tianjin Healthcare Security Administration (https://ylbz.tj.gov.cn/). Secondly, the
outcome of interest in this study was expenditure, a short-term outcome that is expected to change
immediately after the implementation of NVBP without any delays, so the time point that the
NVBP took effect can be pre-specified. Thirdly, we had a large dataset with numerous data points,

providing robust support for conducting time series analysis.

Events review to validate ITS design

The validity of ITS analysis might be compromised if any other policy or contextual changes that
could influence medical expenditures occurring at the same time as the implementation of the
NVBP program. To ensure the accuracy and reliability of our ITS analyses, we systematically
reviewed policies and public events that may have affected medical expenditures during the study
period. We identified two significant external factors likely to confound the observed changes in
expenditures following NVBP implementation: the outbreak of COVID-19 in late December 2019

and the introduction of a long-term prescription policy in February 2020.

The COVID-19 outbreak, which escalated in January 2020, had a profound nationwide impact on
healthcare system performance, as documented in a previous study published in The Lancet
Regional Health Western Pacific.® In response, on January 28, 2020, the Tianjin Healthcare
Security Administration, in collaboration with the Tianjin Medical Products Administration,
implemented a long-term prescription reimbursement policy.® This policy allowed qualified
physicians to prescribe up to two months of medication for patients with stable chronic
conditions—such as hypertension, diabetes, or chronic heart disease—marking a substantial

change from the prior two-week prescription standard.



To mitigate the potential confounding effects of these cointerventions, we adopted two
methodological adjustments. First, we excluded the four-month period from January to April 2020
from our analysis, as it was marked by significant fluctuations in medical expenditures due to the
pandemic. Second, we standardized all drug expenditures for outpatient visits to a 14-day

prescription duration to ensure comparability across time.

ITS impact model selection

The propose of impact model was based on both theoretical analysis and data exploration. First,
we conducted a theoretical analysis to hypothesize how expenditures would change following the
NVBP implementation. We assumed that expenditures would decrease immediately, without any
delays, as lower-priced drugs became available to patients shortly after the policy's
implementation. As four additional NVBP rounds were carried out consecutively in the years after
the pilot phase, the number of lower-priced NVBP drugs gradually increased (Figure S1). This
gradual expansion may have created a cumulative effect, potentially altering expenditure trends in
the post-NVBP period compared to the pre-NVBP period. Furthermore, additional shifts in
expenditure levels or trends may have occurred following the implementation of specific NVBP

rounds.

To identify the most appropriate impact model that could account for the gradual rollout of NVBP
rounds, we conducted an exploratory analysis of per-visit outpatient drug expenditure changes.
Outpatient drug expenditures were selected for this analysis because they were the type of
expenditure most directly affected by the implementation of the NVBP. Monthly trends of average
per-visit outpatient drug expenditures before and after the NVBP implementation were plotted
(Figure S2). The scatter plot revealed a distinct two-segment change in expenditures following
the NVBP implementation, with the second segment occurring at the expansion round of NVBP.

This pattern was particularly pronounced in the data on hypertension drug expenditures.

Based on both theorical analysis and data exploration, we finally chose a two-intervention ITS
model. This process of determining the impact model aligns with the recommendations provided

in existing ITS analysis tutorials.*

On the other hand, although the study period (2017-2021) covers five rounds of NVBP, a five-
segment regression model might not be the optimal choice. A five-segment regression approach
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would require estimating 12 parameters (1 intercept, 1 trend before NVBP, and 5 pairs of level
and trend changes for each round of NVBP implementation) using only 60 time points in the time
series. While technically feasible, the limited number of data points before and after each round of
NVBP would likely lead to unreliable estimates.t’

Most importantly, the primary objective of this study was not to examine whether there were
significant level or trend changes in expenditures at discrete points following each NVBP round.
Instead, we evaluated the NVBP effect from a broader perspective, treating all rounds of NVBP
as a whole rather than assessing each round individually. To better interpret the overall effect of
NVBP, we calculated a relative change indicator, combining level and trend changes into a single
estimate.® The relative changes in expenditures were calculated by comparing model-predicted
expenditures with and without the interventions. In this context, the key methodological
consideration was selecting an appropriate model that captures the actual levels and trends in
expenditures following the NVBP implementation. This is also why we combined theoretical and

exploratory analysis to determine the impact model.



Gradual accumulation of drugs covered by NVBP over time
44 drugs
35drugs
26 drugs
+9drugs
19drugs
+9drugs
10drugs
+7 drugs
COVID-19 +9drugs
——
10 drugs
13 months 6 months 6 months 4 months 4 months
1 1 A 1 A
f ly! ly! ¥ v
* * * x k.
2019.04 2020.05 2020.11 2021.05 2021.09 2021.12
R::und 1 Rnlund 2 Round 3 Round 4 Round 5
T L T .
NVBP pilot NVBP expansion

Figure S1. NVBP Rounds During the Study Period. The figure shows the number of cardiovascular and anti-diabetes drugs included in the

program.
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Figure S2. Scatter Plots of Per-Visit Drug Expenditures in Outpatient Care. Points represent the monthly average drug expenditures per medical
visit before and after the NVBP. Red points indicate the mean monthly drug expenditure per visit during the COVID-19 outbreak period (January
to April 2020).
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