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About This Report 

As part of Chapter 224 of the Acts of 2012, Massachusetts established a health care cost growth 
benchmark that is intended to provide a target for constraining growth in health care expenditures 
(Commonwealth of Massachusetts, 2012). The cost growth benchmark took effect in 2013 and has 
ranged from 3.1 percent to 3.6 percent over time. Each year, the state determines whether the cost 
growth benchmark has been met overall and whether certain providers or insurers have exceeded the 
cost growth benchmark. Providers and insurers with excessive cost growth can be asked to submit 
additional data and may be required to implement a performance review plan or—in extreme cases—
pay fines. 

In the 11 performance periods between 2013 and 2023, spending growth in Massachusetts 
remained below the cost growth benchmark only four times. At face value, health care spending 
growth in excess of the cost growth benchmark suggests that the policy may not be working as 
intended. However, it is possible that the cost growth benchmarking process has constrained health 
care spending growth relative to what would have occurred in the absence of the policy. In this 
analysis, we used a variety of statistical methods to assess whether the Massachusetts cost growth 
benchmark successfully lowered health care spending growth compared with a counterfactual scenario 
in which the policy had not been implemented. Our analysis may be of interest to policymakers 
considering options to control health care spending growth, particularly those in states that have 
adopted or may adopt health care cost growth benchmarks. 
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Summary 

As part of Chapter 224 of the Acts of 2012, Massachusetts introduced a health care cost growth 
benchmark that serves as a target for constraining health care spending (Commonwealth of 
Massachusetts, 2012). The cost growth benchmark is set annually by the Massachusetts Health 
Policy Commission (HPC) and monitored by the HPC and the Massachusetts Center for Health 
Information and Analysis. Over time, the cost growth benchmark has ranged from 3.1 percent to 3.6 
percent. Each year, the HPC monitors accountability of payers and providers through reports and 
hearings and assesses the effects of proposed mergers and acquisitions on health care spending growth. 
Furthermore, providers and payers with spending growth in excess of the cost growth benchmark may 
be subject to performance improvement plans and can face fines of up to $500,000. However, 
Massachusetts has rarely exercised its enforcement authority. 

As of early 2026, spending growth in Massachusetts had stayed within the cost growth benchmark 
in four of the 11 years for which assessment data were available. The frequency with which spending 
growth exceeded the cost growth benchmark suggests that the policy is not working as intended. 
However, it is possible that the policy constrained health care spending growth relative to what would 
have occurred without the cost growth benchmark. 

In this analysis, we assessed whether the Massachusetts cost growth benchmark reduced growth in 
spending-related outcomes using statistical techniques to predict what these outcomes would have 
been without the cost growth benchmark. We focused on three types of outcomes: hospital revenue, 
hospital prices, and premiums. Revenue data came from the Centers for Medicare & Medicaid 
Services (CMS) Hospital Cost Reporting and Information System, hospital price data came from the 
RAND Hospital Price Transparency Study (Rounds 4 and 5), and data about insurance premiums 
came from the CMS Center for Consumer Information and Insurance Oversight (CCIIO). While 
both the CMS Hospital Cost Reporting and Information System and the CMS CCIIO data contain 
close to a universe of submitters, the RAND Hospital Price Transparency data are a convenience 
sample of employer claims that is not representative of the full Massachusetts market. We had access 
to data from 2010 through 2023 for revenue outcomes, 2016 through 2022 for prices, and 2015 
through 2023 for premiums. 

Methodological Considerations 
In a previous analysis, we considered the effects of health care cost growth benchmarks in eight 

other states that have similar policies in place: California, Connecticut, Delaware, New Jersey, 
Oregon, Rhode Island, Vermont, and Washington (Eibner et al., 2026). In that study, we found scant 
evidence to suggest that health care cost growth benchmarks were associated with reductions in 
hospital revenue, hospital prices, or insurance premiums. However, we did not consider the effects in 
Massachusetts in that article because of unique challenges inherent to the state. The most formidable 
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of these challenges is that the Massachusetts cost growth benchmark took effect in 2013, immediately 
before the 2014 implementation of the Affordable Care Act (ACA). Because the ACA expanded 
insurance coverage and set minimum benefit requirements, ACA implementation could have affected 
health care spending separately from the Massachusetts cost growth benchmark. Moreover, because 
Massachusetts enacted an ACA-like insurance expansion in 2006 (Chapter 58 of the Acts of 2006), 
the effects of the ACA in Massachusetts differed substantially from effects in other states 
(Commonwealth of Massachusetts, 2006). These challenges affect the validity of standard statistical 
methods, such as difference-in-differences approaches that compare outcome trends in Massachusetts 
with outcome trends in comparison states. A further challenge is that our data sources for premiums 
and prices exist for only post–cost growth benchmark implementation years, limiting our ability to use 
methods that require preintervention and postintervention comparisons for these outcomes. 

For these reasons, we chose to consider the effects in Massachusetts separately from the effects in 
the other eight states with health care cost growth benchmarks. Furthermore, we used four alternative 
strategies to estimate the effects of the Massachusetts cost growth benchmark: 

1. We used entropy balancing (EB) and difference-in-differences (DD) models to compare 
hospital revenue outcomes in Massachusetts before and after the cost growth benchmark with 
hospital revenue outcomes among hospitals in states that did not have cost growth 
benchmarks and did not expand Medicaid. We focused on nonexpansion states because they 
were less affected by the ACA’s insurance reforms than other states. To address the fact that 
these states are quite different from Massachusetts, we used EB to weight nonexpansion state 
hospitals to resemble Massachusetts hospitals, including weighting on preperiod trends in the 
outcome variable. Although differences in unmodeled covariates likely remain, DD adjusts for 
time-invariant differences, such as fixed differences in income between Massachusetts and 
other states. 

2. We used EB and DD to compare hospital revenue outcomes in Massachusetts with hospital 
revenue outcomes among hospitals in counties with high pre-ACA insurance levels (90-
percent insured or more) in states without cost growth benchmarks. We chose high-insurance 
counties because these counties were likely less affected by the ACA than counties with lower 
insured rates. Because relatively few counties outside Massachusetts had high insured rates 
prior to the ACA, this approach had a smaller sample size than the first approach. As in the 
first approach, we used EB weights to make comparison hospitals as similar as possible to 
Massachusetts hospitals. 

3. We used an interrupted time series (ITS) approach to assess whether the 2013 
implementation of the Massachusetts cost growth benchmark led to a shift in hospital revenue 
outcomes through either a discrete change in revenue levels or a shift in revenue growth 
trends. This approach did not require a comparison group but did not allow us to separate the 
effects of the Massachusetts cost growth benchmark from other factors that may have 
influenced revenue trends in the state. 

4. We developed a model to predict hospital revenue, hospital price, and premium outcomes in 
non-Massachusetts hospitals and counties and used this model to estimate what these 
outcomes would have been in Massachusetts without the cost growth benchmark. This was 
the only approach that enabled us to analyze prices and premiums because data for these 
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outcomes are available only for after the Massachusetts cost growth benchmark was 
implemented. However, a drawback of this approach was that it required us to assume that 
the observed predictor variables can fully explain variation in outcomes, which may not be 
accurate. 

All four of our analytic approaches had important drawbacks, forcing us to regard the findings as 
exploratory and associative. The approaches did not always produce similar findings for the same 
outcome. When these contradictions occurred, we summarized the evidence across the approaches, 
but these discrepancies further weakened our confidence in the results. Nevertheless, these analyses 
provided suggestive evidence on the effects of the Massachusetts cost growth benchmark. 

Findings 
Table S.1 shows the findings, strengths, and weaknesses of each approach. For hospital inpatient 

revenue per discharge, we found statistically significant evidence of an effect of the Massachusetts cost 
growth benchmark in Approach 4 and marginally significant evidence of an effect in Approach 2. 
However, the effects were null in Approaches 1 and 3, suggesting that this finding was not robust. For 
hospital outpatient revenue per discharge equivalent, we found statistically significant evidence of an 
effect of the cost growth benchmark in Approach 4 and marginally significant evidence of an effect in 
Approach 3, but null findings from Approaches 1 and 2. We found no effects on health insurance 
premiums on average, although effects were significant in some years for Approach 4. Using Approach 
4, we found a statistically significant negative effect on both inpatient and outpatient hospital prices. 
However, given that this finding is based on a single approach that likely cannot fully adjust for the 
differences between Massachusetts and comparison states, we still regard this finding as exploratory. 
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Table S.1. Summary of Results 

Approach Strengths Weaknesses Results 

1: EB and DD with 
hospitals in 
nonexpansion states 
as a comparison 
group 

Like Massachusetts 
hospitals, these 
hospitals may have 
been less affected 
by ACA than 
hospitals in other 
states were. 

Demographics and 
health policy 
landscape of 
nonexpansion states 
very different from 
those of 
Massachusetts  

• Inpatient revenue per discharge: null 
• Outpatient revenue per discharge 

equivalent: null 

2: EB and DD with 
hospitals in high-
insurance counties as 
a comparison group 

Like Massachusetts 
hospitals, these 
hospitals may have 
been less affected 
by ACA than 
hospitals in other 
states were. 

Small and select 
group of 
nonrepresentative 
counties  

• Inpatient revenue per discharge: 
−$1,909 (95-percent CI: −$4,076, 
$77)* 

• Outpatient revenue per discharge 
equivalent: null 

3: ITS on 
Massachusetts 
hospitals 

This approach does 
not require a non-
Massachusetts 
comparison group. 

Inseparable effects 
of the cost growth 
benchmark from 
other Massachusetts 
trends 

• Inpatient revenue per discharge: null 
• Outpatient revenue per discharge 

equivalent: −$320 (95-percent CI: 
−$690, $49)* annually 

4: Prediction-based 
model using states 
without cost growth 
benchmarks to 
estimate 
Massachusetts 
outcomes 

This approach does 
not require 
preintervention 
data, allowing 
analysis of a 
broader variety of 
outcomes. 

Unable to address 
nonmodeled 
differences between 
Massachusetts and 
other states 

• Inpatient revenue per discharge: 
−$2,941 (95-percent CI: −$4,758, 
−$1,365)** 

• Outpatient revenue per discharge 
equivalent: −$2,841 (95-percent CI: 
−$6,548, −$573)** 

• Individual market premiums: null most 
years 

• Small-group premiums: null most 
years 

• Inpatient prices: −$11,165 (95-percent 
CI: −$19,698, −$4,579)** 

• Outpatient prices: −$189 (95-percent 
CI: −$293, −$98)** 

NOTE: We indicate statistically significant results (p < 0.05) using ** and marginally significant results (p < 0.1) using *. 
CI = confidence interval. 

Conclusions 
Our analysis suggests that the Massachusetts health care cost growth benchmark may have 

reduced hospital revenue and prices. However, the revenue results were not consistent across models. 
For both inpatient and outpatient revenue, we obtained a negative and statistically significant finding 
from one approach, a negative and marginally significant finding from a second approach, and null 
findings from two other approaches. For prices, we were able to estimate the models using only 
Approach 4, and we found large effects; for example, the reduction in inpatient prices was $11,165, 
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which is roughly one-third lower than what would have been expected without the cost growth 
benchmark. However, there were statistical challenges for using Approach 4 for the hospital price 
outcomes, which reduces our confidence in the results. For health insurance premiums, our estimated 
effects were not statistically significant.  

Although other states have health care cost growth benchmarks, the Massachusetts cost growth 
benchmark is unique and important to study because of its long tenure and because Massachusetts is 
one of the few states that has enforcement mechanisms for its benchmark. However, it is very difficult 
to evaluate the effects of the Massachusetts cost growth benchmark—even with sophisticated 
statistical methods—and these methodological limitations constrain confidence in our results. The 
cost growth benchmark may have had some effect on hospital revenue and prices in Massachusetts, 
but the evidence for this is weak. Policymakers aiming to reduce health care spending growth could 
consider policies for which there is more-compelling evidence, such as stronger enforcement of cost 
growth benchmarks, combining cost growth benchmarks with complementary policies (such as value-
based payments and price caps), and adopting more targeted approaches that were successful in other 
states.  
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Chapter 1 

Introduction 

In 2012, Massachusetts enacted Chapter 224 of the Acts of 2012, a policy that aimed to reduce 
health care spending growth and improve transparency and accountability in health care pricing and 
quality (Commonwealth of Massachusetts, 2012). One of the major aspects of the law was to establish 
the Massachusetts Health Policy Commission (HPC) that was charged with setting the health care 
cost growth benchmark (Seifert and Gershon, 2012)—the target threshold for constraining health 
care spending growth. The HPC, in collaboration with the Massachusetts Center for Health 
Information and Analysis, monitors how the overall state and individual providers and payers perform 
relative to the cost growth benchmark. The monitoring includes tracking spending trends in annual 
reports and hearings and reviewing how proposed mergers and acquisitions may affect spending 
growth (Lipson et al., 2022). In addition, providers and payers with spending growth in excess of the 
benchmark may be subject to performance improvement plans and can face fines of up to $500,000. 
However, the state has exercised this authority only once (Butler, 2022). 

The cost growth benchmark is based on per capita total health care expenditures in the state, 
including medical expenses paid by all payers (including private insurers, Medicare, and Medicaid), the 
net cost of private insurance (including administrative costs and operating margins), and patient cost-
sharing payments (including deductibles, copayments, and coinsurance) (HPC, 2025). The cost 
growth benchmark is established by law to be the growth of potential gross state product, which was 
3.6 percent from 2013 through 2017. The HPC modified the cost growth benchmark to 3.1 percent 
for 2018 through 2022 and then returned the cost growth benchmark to 3.6 percent for 2022 through 
2026. 

In the 11 years between 2013 and 2023, state spending growth was below the cost growth 
benchmark four times (HPC, 2025). The failure to meet the cost growth benchmark on a regular 
basis might suggest that the policy is not working. However, it is possible that the existence of the cost 
growth benchmark constrained growth relative to what would have occurred if the benchmark had not 
been implemented. In its 2023 report, the HPC suggested that the slowdown in health care spending 
growth in Massachusetts relative to that in the overall United States from 2013 through 2019 may 
have been attributable to Chapter 224, even though spending growth in the state exceeded the cost 
growth benchmark in most of those years (HPC, 2023). 

However, comparing spending growth in Massachusetts with national growth trends might not be 
adequate to assess whether the cost growth benchmark is effectively constraining spending. Health 
care spending trends in Massachusetts may differ from national trends for reasons unrelated to the 
cost growth benchmark, such as demographic differences, state-level market conditions, and unique 
policy factors. For example, in 2024, Massachusetts had the highest median household income of any 
state (Federal Reserve Bank of St. Louis, undated), and just 2.8 percent of the Massachusetts 
population was uninsured, compared with 8.2 percent of the national population (KFF, undated). 
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In this study, we used statistical techniques to assess the effects of the Massachusetts health care 
cost growth benchmark on hospital revenue, hospital prices, and premiums, with adjustments to 
account for differences among Massachusetts and other states. A typical statistical approach to assess 
the effects of the cost growth benchmark would compare spending outcomes in Massachusetts before 
and after the implementation of the benchmark with spending outcomes in other, demographically 
similar states. However, Massachusetts’s unique health policy landscape and the timing of the 
benchmark implementation make this type of comparison challenging. In 2006, Massachusetts 
implemented comprehensive health insurance reforms that dramatically reduced its uninsured rate 
(Love and Seifert, 2016), and, as of April 2026, Massachusetts had the lowest uninsured rate in the 
country (KFF, undated). Moreover, the Massachusetts health care cost growth benchmark was 
implemented in 2013, shortly before the insurance reforms of the Affordable Care Act (ACA) took 
effect nationwide. 

Because of Massachusetts’s pre-ACA insurance reforms, which included Medicaid expansion and 
health insurance tax credits, the implications of the ACA for coverage and spending in Massachusetts 
were less pronounced than in other states. This limits our ability to separate the effects of the 
Massachusetts health care cost growth benchmark from other effects, such as the effects of the ACA. 
Furthermore, we have pre–cost growth benchmark data for only hospital revenue outcomes; data on 
premiums and hospital prices come from data sources that did not exist prior to 2013. To address 
this, we used the following four approaches to estimate the effects of the benchmark: 

1. Never expanders. We compared hospital revenue in Massachusetts before and after cost 
growth benchmark implementation with hospital revenue in Medicaid nonexpansion states 
using entropy balancing (EB) and difference-in-differences (DD) models. The rationale for 
comparing Massachusetts with never expanders is that those states were less affected by the 
ACA than expansion states because the majority of the ACA’s new insurance enrollment came 
from the Medicaid expansion component of the law (Blumenthal, Collins, and Fowler, 2020). 

2. High-insurance counties. We compared hospital revenue in Massachusetts before and after 
cost growth benchmark implementation with hospital revenue among hospitals in counties 
with high insured rates prior to the ACA using EB and DD. This approach rests on the 
assumption that counties with high pre-ACA insurance levels were less affected by the ACA 
than other counties and, hence, were more similar to counties in Massachusetts. 

3. Interrupted time series (ITS). We assessed whether hospital revenue in Massachusetts 
shifted when the cost growth benchmark was implemented in 2013. Our approach accounted 
both for the possibility of a one-time shift in the level of revenue in Massachusetts and for a 
long-term shift in the rate of revenue growth over time.  

4. Prediction-based model. We used non-Massachusetts counties to estimate hospital revenue, 
hospital prices, and marketplace premiums using a variety of county-level predictors, including 
age distribution, economic indicators (such as median income and unemployment), and 
urbanicity. We then used this model to estimate what spending growth would have been in 
Massachusetts in the absence of the cost growth benchmark. An advantage of this method 
over the other approaches is that it did not require us to use data from before and after cost 
growth benchmark implementation, which enabled us to consider a broader variety of 
outcomes. However, it required us to assume that the modeled predictors explain all 
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differences in spending trends among Massachusetts and comparison counties, other than 
differences driven by the cost growth benchmark. 

Because all these approaches have limitations, our analysis of the effects of the Massachusetts 
health care cost growth benchmark on spending should be viewed as exploratory and associative; we 
cannot determine whether relationships are causal. Nevertheless, we provide a more rigorous 
assessment of the effects of the cost growth benchmark than an analysis that focuses on only 
unadjusted differences among Massachusetts and other states.  
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Chapter 2 

Methods 

In this chapter, we describe the data, their limitations, the different approaches listed in the 
previous chapter, and each approach’s respective strengths and weaknesses. 

Data Sources 
We estimated the effect of the Massachusetts health care cost growth benchmark on three sets of 

primary outcomes: 

• hospital revenue (inpatient and outpatient) 
• hospital prices (inpatient and outpatient) 
• health insurance premiums (individual market and small group). 

Data on each of these outcomes came from different sources. To measure hospital revenue, we 
used the RAND Hospital Data (RHD), which were derived from the Centers for Medicare & 
Medicaid Services (CMS) Healthcare Cost Reporting Information System (RAND Corporation, 
undated-b). All Medicare-certified hospitals are required to submit comprehensive cost information 
through the CMS Healthcare Cost Reporting Information System on an annual basis, and, thus, the 
RHD contain close to a universe of providers and cost information on all discharges. We used these 
data to measure hospital net revenue per inpatient discharge and per outpatient discharge equivalent, 
which are variables that have been used in prior work as proxies for price (Levinson et al., 2022; Liu et 
al., 2021). A discharge equivalent is a standardized metric used to quantify outpatient services; the sum 
of outpatient discharge equivalents at a hospital represents the number of additional inpatient 
discharges that the hospital would need to keep operating expenses constant if no outpatient services 
were provided (White and Wu, 2014). For the inpatient revenue outcome, we included only those 
hospitals that had at least 100 inpatient discharges in all years of analysis; similarly, we required 100 
outpatient discharge equivalents in all years of analysis for the outpatient revenue outcome. To restrict 
variability in the revenue outcomes, we restricted the RHD to consider only short-term general 
hospitals. The RHD have been collected for a very long time, and we had access to data from 1996 to 
2023, although, for most analyses, we used RHD from only 2010 to 2023. 

To measure hospital prices, we used the RAND Hospital Price Transparency Data (HPTD) 
Rounds 4 and 5, which were compiled by RAND through state all-payer claim databases (APCDs) 
and submissions from self-insured employers (RAND Corporation, undated-a). For this analysis, the 
HPTD were available from only 2016 to 2022. The HPTD represent about only 6 percent of 
hospital claims nationally and cannot be viewed as a representative sample of hospital prices (Whaley 
et al., 2024). We used county-level average prices as our outcome of interest and excluded counties 
with fewer than 11 claims in any year from 2016 to 2022. We standardized both inpatient and 
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outpatient prices to reflect service intensity according to a total case mix relative weight, which was 
based on Medicare’s relative values (Whaley et al., 2024). The HPTD include both self-insured and 
fully insured commercial claims. However, for Massachusetts, the primary contributor is a single large 
employer, and we do not have access to the state’s APCD. Because some comparison states have a mix 
of APCD and non-APCD data, we adjusted for the percentage of claims that come from APCDs to 
find suitable comparators for Massachusetts counties when considering the price outcomes. 

We measured individual and small-group premiums using data reported by the CMS Center for 
Consumer Information and Insurance Oversight (CCIIO) and compiled by the Robert Wood 
Johnson Foundation (HIX Compare, undated). For both the individual and small-group markets, we 
analyzed the average bronze or expanded bronze premium for a 27-year-old non-smoker. Although 
silver plans have higher enrollment than bronze plans, we focused on bronze premiums because of a 
2017 policy change in which the Trump administration stopped paying for cost-sharing reductions 
(U.S. Department of Health and Human Services, 2017).1 Because the ACA requires insurers to 
provide cost-sharing reductions to low-income enrollees regardless of federal funding, most insurers 
increased silver premiums to address this issue, leading to a premium spike in 2018 that could have 
affected our findings (Kamal et al., 2017). Bronze premiums were less affected by this issue because 
most insurers loaded cost-sharing reduction costs onto the silver plans. Furthermore, because of 
federal risk-adjustment requirements, changes in premiums because of factors other than the cost-
sharing reduction policy were correlated across metal tiers. The CCIIO data were available from 2015 
to 2025 for individual market premiums and from 2015 to 2024 for small-group market premiums. 

Finally, we assembled data on key adjuster variables from a variety of federal data sources. The 
RHD provided important information on hospital-level characteristics, such as government-
ownership status, critical-access hospital status, and the number of hospital beds. We obtained 
information on county-level demographics, median income, poverty rate, and health insured rate from 
U.S. Census Bureau sources and included county-level unemployment estimates from the U.S. Bureau 
of Labor Statistics. We estimated county-level coronavirus disease 2019 (COVID-19) incidence and 
mortality rates from 2020 to 2022 using data from the Centers for Disease Control and Prevention. 
Finally, we obtained county rural-urban classifications from the U.S. Department of Agriculture, 
Economic Research Service (2025). 

The data sources we used for this analysis had varying lengths of follow-up. Most of our adjuster 
variables were available from 2010 to 2023. The HPTD were available from 2016 to 2022, the 
CCIIO data were available from 2015 to 2024, and the RHD were available from 1996 to 2023. 
However, the Massachusetts health care cost growth benchmark went into effect in 2013. As a result, 
statistical methods that leverage preintervention data to estimate the effect of the cost growth 
benchmark could not be applied to estimate the effects of the cost growth benchmark on hospital 
prices or health care premiums because we had no preintervention data available for these outcomes; 
they become available only after 2013. Of the statistical approaches we describe in the sections that 
follow, the first three relied on preintervention data, and, thus, we can use them to estimate effects on 

 
1 The term silver plan refers to a health care option in which the ACA Marketplace generally covers 70 percent of medical costs 
while the insured person pays 30 percent. The term bronze plan refers to a health care option in which the ACA Marketplace 
generally covers 60 percent of medical costs while the insured person pays 40 percent, and the deductible is high. Cost-sharing 
reductions reduce out-of-pocket costs for those silver plan enrollees whose income is in the qualifying range. 
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hospital revenue using only the RHD. The fourth approach, which does not rely on preintervention 
data, provided our sole group of estimates of the effects of the cost growth benchmark on hospital 
prices and health care premiums.  

Approach 1. Comparison with Hospitals in Nonexpansion States 
Our first approach used EB and DD to estimate the effect of the Massachusetts health care cost 

growth benchmark on hospital revenue, restricting the set of comparators to hospitals in states in 
which Medicaid expansion had not yet occurred. We imposed this restriction (no Medicaid expansion 
yet in effect) because we hypothesized that although the level of health care spending is likely quite 
different in Massachusetts from that in nonexpansion states, the trend of health care spending may be 
similar. As described in Chapter 1, Massachusetts may have been less affected by the ACA because it 
had already implemented its own statewide health care reform in 2006. As a result, the trend of health 
care spending in Massachusetts in 2010 to 2016 was likely unique because the state did not experience 
as large an increase in insurance uptake as other states did with the passage of the ACA in 2014.2 This 
difference may be particularly large in states that expanded Medicaid. However, the difference in trend 
may be attenuated in states that did not expand Medicaid. For reference, we provide a map of which 
states were on time, late, and never expanders of Medicaid in Figure 2.1.  

Figure 2.1. Map Showing the Medicaid Expansion Status of the 50 U.S. States 

 

NOTE: Excluded states are those (other than Massachusetts) that had health care cost growth benchmarks. On-time 
expanders expanded Medicaid in 2014; late expanders expanded Medicaid after 2014; and never expanders had not 
expanded Medicaid as of 2024. 

 
2 According to data from KFF (undated), the uninsured rate in the United States fell by 6 percentage points between 2013 and 
2016 (from 14.6 percent to 8.6 percent); in Massachusetts, the uninsured rated dropped by only 1.3 percentage points (from 3.8 
percent to 2.5 percent).  

Excluded Late Expanders Massachusetts Never Expanders On−Time Expanders
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We cared about the trend rather than the level because we used DD to estimate the effect of the 
Massachusetts health care cost growth benchmark on hospital revenue, comparing Massachusetts 
with nonexpansion states (Feng et al., 2025). The parallel trends assumption is a core assumption 
underlying DD: Prior to the intervention (the health care cost growth benchmark), the treated 
hospitals and comparison hospitals must have a parallel trend in hospital revenue, and, in the absence 
of intervention, their trends would continue to be parallel. But because Massachusetts implemented 
health care reform in 2006, its hospital revenue trend in 2006 through 2012 (the preperiod) and after 
2013 (the postperiod) may have been unique because of the passage of the ACA in 2014. 

To try to bolster the parallel trends assumption in this difficult setting, we used EB to make 
comparison hospitals as similar as possible to Massachusetts hospitals in the 2010–2012 period 
(Cefalu et al., 2020; Hainmueller, 2012). Our first priority with the EB was to minimize differences in 
the pretrends of the outcome variables (Daw and Hatfield, 2018). For each outcome (inpatient and 
outpatient revenue), we included two pretrend measurements in the EB. We also aimed to include the 
following covariates: 

• number of hospital beds 
• whether the hospital was government-owned 
• whether the hospital was a critical-access hospital 
• whether the hospital provided Medicaid inpatient services 
• total non-Medicare uncompensated costs for the hospital 
• percentage of services that were inpatient 
• Medicare inpatient day share 
• Medicaid inpatient day share 
• poverty rate 
• median household income 
• unemployment rate 
• population 
• median age 
• percentage of the population who had health insurance 
• hospital market concentration 
• rural-urban classification in the county in which the hospital was located. 

All covariates were measured in the year prior to intervention (2012). However, it was not 
possible to achieve EB convergence with this full list of covariates. Thus, we had to remove median 
household income and percentage of the population with health insurance from both the inpatient and 
outpatient models and the percentage of services that were inpatient for the outpatient revenue 
outcome. We balanced on the first and second moments of each variable, seeking perfect balance for 
preoutcome trends and all baseline covariates (Huang et al., 2022). We conducted sensitivity analyses, 
in which we relaxed the perfect balance requirement and permitted a standardized mean difference of 
up to 0.05 for the pretrends and 0.1 for baseline covariates; the results were unchanged. 

After estimating the EB weights, we fitted weighted DD models that included a treatment 
indicator, along with state- and year-fixed effects and a set of time-varying controls (Zeldow and 
Hatfield, 2021). Time-varying controls included 
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• Medicare and Medicaid inpatient day share at the hospital each year 
• COVID-19 case rate per capita 
• COVID-19 death rate per capita 
• population size 
• poverty rate 
• unemployment rate 
• percentage of the population age 65 and more in the county in which the hospital was located.  

We weighted the models using both the EB weights and the number of hospital beds. We also 
fitted an event-study formulation of the model to consider how the treatment effect changed over 
time. Similarly to what we did for the overall model, we fitted the event-study model with the EB and 
hospital bed weights. 

As discussed, comparison hospitals were all hospitals located in states that had not yet expanded 
Medicaid. Although we hypothesized that the nonexpansion states may be a good comparison group 
for Massachusetts because their trend in health care spending may be most similar to Massachusetts at 
the time of implementation of the ACA, they were still far from an ideal comparison group. Some of 
the nonexpansion states were very different from Massachusetts with regard to median income and 
poverty rate, age distribution, and health care usage. Although these differences may be addressed by 
the DD models, some bias may remain. As a sensitivity analysis, we ran the same analysis but 
restricted comparison hospitals to (1) hospitals in states that, as of 2024, had not expanded Medicaid 
(never expanders); (2) hospitals that expanded Medicaid on time in 2014 (on-time expanders); and 
(3) all hospitals. These results are presented in Appendix B. In addition, we conducted a sensitivity 
analysis in which we considered how severely the parallel trends assumption may have been violated by 
ACA implementation and the consequences on our effect estimates. This analysis is also presented in 
Appendix B. 

We used a fractionated bootstrap that accounted for the repeated measurements on hospitals to 
obtain appropriate inference for the aforementioned effect estimates (Xu et al., 2020). In addition, we 
used multiple imputation to address small quantities of missing data in our adjuster variables (Rubin, 
1996). We generated 50 imputations and then obtained 250 bootstrap samples on each imputation, 
taking the mean, 2.5th, and 97.5th percentiles across the 50 × 250 = 12,500 samples as our point 
estimate and confidence interval (CI) bounds, respectively (Schomaker and Heumann, 2018). More 
details on this estimation are provided in Appendix A. 

Approach 2. Comparison with Hospitals in Highly Insured 
Counties 

For our second approach, we sought to compare Massachusetts with counties that would have 
been minimally affected by the ACA. Whereas Approach 1 sought a comparison group that would 
have been less affected because Medicaid was not expanded, Approach 2 sought comparison counties 
that already had a high health insured rate before the ACA and, thus, may have been less affected. 
However, as in Approach 1, we still expected that counties with a high health insured rate pre-ACA 
may have been affected by the ACA in other important ways and still may not have been an adequate 
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comparison group for Massachusetts. After examining trends in the health insured rate in 
Massachusetts, we restricted the comparison group to hospitals located in counties that had a 90-
percent insured rate in 2012. We note that even a 90-percent threshold is somewhat low because the 
mean insured rate across Massachusetts counties in 2012 was 95 percent. However, very few non-
Massachusetts counties could meet this standard, so we imposed a less stringent 90-percent 
requirement. After restricting the comparison set to hospitals that met this standard, we carried out 
the EB and DD analytic strategy described in Approach 1. However, because of the smaller number of 
comparison hospitals in Approach 2, achieving perfect balance with the EB weights severely limited 
the effective sample size of the comparison hospitals. Therefore, we did not require perfect balance for 
Approach 2 and allowed a standardized mean difference of up to 0.05 for the pretrends in the 
outcomes and up to 0.1 for the baseline covariates. We used the same list of baseline covariates as in 
Approach 1 and were, once again, not able to balance on median household income and the percentage 
of the population with health insurance, even with the relaxed balance requirements. 

Approach 3. Interrupted Time Series  
Our third approach used ITS to estimate the effect of the Massachusetts health care cost growth 

benchmark on hospital revenue (Bernal, Soumerai, and Gasparrini, 2018). ITS is different from DD 
in that it does not use a set of comparison hospitals; instead, we compared Massachusetts 
preintervention with Massachusetts postintervention. Using Massachusetts data from pre-2013, we 
fitted a model of the trend of hospital revenue over time. Then, we used this model to predict hospital 
revenue post-2013 and compared the predicted values with the observed values. If predicted values 
were very different from observed values, this might have suggested that the cost growth benchmark 
had an effect on hospital revenue. 

Unfortunately, ITS is a weaker approach for detecting causal effects than DD because ITS is 
extremely reliant on assumptions about an appropriate model for the trajectory of hospital revenue 
over time in Massachusetts and the assumed type of effect that the cost growth benchmark will have 
on hospital revenue (e.g., a change in the slope of hospital revenue versus the level of hospital revenue). 
In addition, ITS relies on the assumption that any change we see in Massachusetts hospital revenue 
post-2013 relative to pre-2013 is attributable to the intervention—the health care cost growth 
benchmark—rather than other changes that may have occurred in Massachusetts in 2013. Especially 
given the proximity of ACA implementation (2014) to the cost growth benchmark (2013), this 
assumption seems tenuous in our case. 

Nonetheless, we conducted an ITS analysis to provide another estimate of the effect of the cost 
growth benchmark. Because ITS is reliant on the quality of our preperiod model, it is helpful to have 
as many preperiod measurements as possible (Bernal, Soumerai, and Gasparrini, 2018). Therefore, we 
used RHD going back to 1996 (unlike Approaches 1 and 2, which used RHD back to only 2010). 
Thus, we had 17 preperiod measurements on each hospital (1996–2012), which we compared with 
11 postperiod measurements (2013–2023). Following guidance from Bernal, Soumerai, and 
Gasparrini (2018) and Turner et al. (2021), we decided to fit two segmented linear regressions. Our 
first model assumed a linear effect of time on hospital revenue, with linear change points at 2008 (the 
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first year that the Massachusetts health care reform was in full effect), 2013 (the time of intervention), 
and 2020 (COVID-19). Specifically, for hospital i in year	t, 

𝑟𝑒𝑣𝑒𝑛𝑢𝑒!" =	𝛼# +	𝛼$𝑡 +	𝛽#𝐼(𝑡 ≥ 2008) +	𝛽$𝑡𝐼(𝑡 ≥ 2008) +	𝛾#𝐼(𝑡 ≥ 2013) +
	𝛾$𝑡𝐼(𝑡 ≥ 2013) +	𝛿#𝐼(𝑡 ≥ 2020) +	𝛿$𝑡𝐼(𝑡 ≥ 2020) + 𝑏! + 𝜖!", 

where 𝑏!  is a normally distributed hospital-specific random effect with an assumed first-order 
autoregression (AR[1]) correlation structure over time and 𝜖!" is normally distributed measurement 
error. If 𝛾# is statistically significant, it suggests a change in the level of hospital revenue at the time of 
the cost growth benchmark; if 𝛾$ is significant, it suggests a change in the trend. These statistical tests 
were carried out using t-tests in which the degrees of freedom were adjusted using a Satterthwaite 
approximation (Satterthwaite, 1946). 

Our second model was identical to the previous equation except that it included interactions 
between all terms and academic medical center (AMC) status to see whether the trend differed for 
AMCs. Because these models did not rely on covariates—just hospital revenue, year, and AMC 
status—there were no missing data, and, thus, multiple imputation was not necessary for Approach 3. 
Both models were weighted by hospital size. 

Approach 4. Predicted Versus Actual Growth 
DD considers differences between treated and comparison units and differences between post 

intervention and preintervention. Approach 3 (ITS) considered only differences between 
postintervention and preintervention. Therefore, our final approach addressed the other piece: 
differences between treated and comparator units, without the comparison of postintervention and 
preintervention. Specifically, we developed a model of each outcome using only data from states 
without cost growth benchmarks, conditional on covariates. We then used this model to generate 
predictions of each outcome in Massachusetts over time. If these predictions were significantly 
different from the observed values of the outcome in Massachusetts, they might have suggested some 
effect that was specific to Massachusetts, which could be attributed to the cost growth benchmark. 

Similarly to the ITS approach, Approach 4 was substantially weaker than EB and DD for 
estimating causal effects. Specifically, it relied on an assumption that the covariates we included in the 
prediction-based model were sufficient to fully adjust for all differences we might expect to see 
between Massachusetts and the states without cost growth benchmarks and, thus, that there is no 
other covariate that could be causing the differences. Given the many unique traits of the 
Massachusetts health care landscape and the limits of our covariate set, this assumption seems 
implausible. However, we pursued this approach because it both provides another perspective on the 
effect of the Massachusetts cost growth benchmark and, critically, allows us to consider outcomes 
other than hospital revenue. Because Approach 4 did not consider differences over time, it did not rely 
on preintervention data. Therefore, we could estimate the effect of the cost growth benchmark 
(subject to major assumptions) on standardized hospital prices and health insurance premiums, in 
addition to effects on hospital revenue.  
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In creating a model for each outcome, our primary concern was producing high-quality predictions 
of each outcome, using as many covariates as possible, in the hopes of adjusting away as many of the 
differences among Massachusetts and the states without cost growth benchmarks as possible. To that 
end, we used gradient-boosted decision trees (Chen and Guestrin, 2016)—an extremely flexible 
model—to model the relationship among the predictors and each outcome, fitted using data from the 
states without cost growth benchmarks. For the hospital revenue outcomes, our training data spanned 
from 2010 to 2023, for hospital standardized prices from 2016 to 2022, and for premiums from 2015 
to 2023. As predictors for the price and premium outcomes (which are measured at the county level), 
we included  

• year 
• poverty rate 
• median household income 
• unemployment rate 
• Area Deprivation Index 
• population 
• median age 
• percentage of the population who were male 
• percentage of the population who were age 65 or more 
• percentage of the population who were female and ages 15 to 45 
• percentage of the population who had health insurance 
• hospital market concentration 
• rural-urban classification 
• geographic U.S. Census Bureau division 
• total number of hospital beds 
• number of teaching hospitals 
• COVID-19 incidence and mortality rates 
• Medicaid expansion status. 

In addition, for the price outcomes, we included the percentage of claims that came from the state’s 
APCD; for the premium outcomes, we included the number of insurance carriers. For the hospital 
revenue outcomes (which are measured at the hospital level), we included the county-level predictors 
listed previously for the county in which the hospital is located, as well as the following: 

• number of hospital beds 
• whether the hospital was government-owned 
• whether the hospital was a critical-access hospital 
• whether the hospital was a teaching hospital 
• whether the hospital provided Medicaid inpatient services 
• total non-Medicare uncompensated costs for the hospital 
• percentage of services that were inpatient 
• Medicare inpatient day share 
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• Medicaid inpatient day share. 

Because our goal was to adjust for as many differences as possible, we included measurements for 
these variables in all years, not just at baseline. However, some of these covariates, such as the number 
of insurance carriers, may have been endogenous to the relationship between health care cost growth 
benchmarks and the outcomes (Zeldow and Hatfield, 2021). On the one hand, including these 
potentially endogenous predictors would likely improve the quality of our predictions for 
Massachusetts in terms of matching the observed outcomes. On the other hand, including those 
predictors may have biased our estimate of the true effect of the cost growth benchmark because we 
sought to generate a prediction of each outcome in the counterfactual world in which Massachusetts 
did not have a cost growth benchmark. In that counterfactual world, the values of these potentially 
endogenous predictors would likely have been different than their observed values. We were 
concerned that the following covariates could be endogenous: 

• percentage of the population who had health insurance (for all outcomes) 
• number of health insurance carriers (for the premium outcomes) 
• whether the hospital provided Medicaid inpatient services 
• hospital market concentration 
• total non-Medicare uncompensated costs for the hospital 
• percentage of hospital services that were inpatient (for the hospital revenue outcomes). 

We fitted two versions of the prediction-based models: (1) a version in which the potentially 
endogenous predictors were included in all years and (2) a version in which only the 2012 value of 
each potentially endogenous predictor was used because this was prior to the implementation of the 
Massachusetts health care cost growth benchmark. Our main analysis was the one in which potentially 
endogenous predictors were removed; we provide results for the analysis using all years of the 
potentially endogenous predictors in Appendix B. 

We fitted this model using data from states without cost growth benchmarks. However, to give a 
measure of model predictive performance, we fitted the model using only 80 percent of the counties or 
hospitals in states without cost growth benchmarks and then generated predictions for the held-out 
20 percent of the counties or hospitals. We also generated a prediction for Massachusetts counties or 
hospitals. Then, separately for the held-out units and the Massachusetts units, we calculated the 
weighted mean difference between the prediction and the observed outcome in each year, weighting 
according to population size (for the county-level outcomes) or number of hospital beds (for the 
hospital-level outcomes). To estimate an overall effect, we took the average of these year-specific 
differences. We also calculated the root mean-squared error (rMSE) for predicting the held-out units 
and then normalized it by dividing by the standard deviation of the observed outcomes as a final 
metric of predictive performance for each model. If this normalized rMSE value was greater than or 
equal to 1, it suggested that our prediction-based model adds little value beyond generating 
predictions as random noise around the mean. 

To select the tuning parameters for the gradient-boosted decision trees, we used 100 rounds of 
tenfold cross-validation, optimizing the rMSE. We used a nonfractionated, clustered bootstrap to 
provide inference, in combination with multiple imputation to address missing data in the predictor 
variables. We generated 50 imputations and took 50 bootstrap samples from the data on states 
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without cost growth benchmarks, accounting for the repeated measurements. (The bootstrap was not 
applied to the Massachusetts data on which we generated predictions.) We took the mean, 2.5th, and 
97.5th percentiles across the 50 × 50 = 2,500 samples as our point estimate and CI bounds, 
respectively (Schomaker and Heumann, 2018). More details on the estimation are provided in 
Appendix A. 

Method Summary 
Estimating the effects of the Massachusetts health care cost growth benchmark was a challenging 

statistical task. Therefore, we considered four approaches, each of which varies some aspect of how we 
might estimate the causal effect. We think that it is unlikely that all assumptions were met for any of 
these approaches, leading us to regard the findings of this analysis as exploratory and associative. 
However, if these approaches were to produce similar findings for the hospital revenue outcomes, that 
might increase our confidence in the findings, despite the limitations.  
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Chapter 3 

Results 

Our comparison of the 57 hospitals and 14 counties in Massachusetts with the approximately 
3,000 hospitals and counties in states without health care cost growth benchmarks provided weak and 
inconsistent evidence that the Massachusetts health care cost growth benchmark may have improved 
some spending outcomes. We saw some evidence that the Massachusetts health care cost growth 
benchmark led to reductions in inpatient and outpatient hospital revenue, although these findings 
were null in some of our approaches. We found null effects on health insurance premiums. For 
hospital prices, we present evidence that Massachusetts had lower inpatient and outpatient 
standardized prices than comparison states over the study period, but we cannot confidently attribute 
these lower prices to the health care cost growth benchmark. 

Hospital Revenue 
Table 3.1 provides information on the number of hospitals and the mean values of inpatient and 

outpatient hospital revenue in Massachusetts and in the various comparison groups used in 
Approaches 1, 2, and 4. We note that the 90-percent insurance requirement imposed on the 
comparators for Approach 2 severely restricted the number of hospitals in the comparison group for 
that approach. We also note that Massachusetts generally has similar but slightly lower values of both 
inpatient and outpatient revenue per discharge or discharge equivalent in both the pre–cost growth 
benchmark and post–cost growth benchmark periods relative to all sets of comparison groups. 
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Table 3.1. Sample Size and Mean Values of the Hospital Revenue Outcomes 

Mean Number or Value 
Inpatient Revenue per 

Discharge 
Outpatient Revenue per 

Discharge Equivalent 

Mean number of hospitals per year 

Massachusetts 57 57 

States without cost growth benchmarks 3,239 3,123 

Late or never Medicaid expanders 1,654 1,604 

90-percent insured 264 255 

Mean value from 2010 to 2012 (SD) 

Massachusetts $8,905 ($3,948) $15,807 ($5,056) 

States without cost growth benchmarks $9,966 ($5,906) $17,263 ($12,402) 

Late or never Medicaid expanders $9,774 ($4,942) $17,282 ($13,809) 

90-percent insured $11,415 ($4,534) $20,453 ($29,221) 

Mean value from 2013 to 2023 (SD) 

Massachusetts $11,311 ($5,826) $19,775 ($6,601) 

States without cost growth benchmarks $12,697 ($8,645) $22,578 ($18,453) 

Late or never Medicaid expanders $11,866 ($8,859) $21,650 ($16,412) 

90-percent insured $14,376 ($7,764) $25,010 ($19,618) 

SD = standard deviation. 

Figure 3.1 depicts the unadjusted trend in hospital revenue from 1996 to 2023 for Massachusetts 
and comparison states without cost growth benchmarks. The difference in hospital revenue between 
Massachusetts and the comparison states is small. After 2010, there is a slight plateau in outpatient 
revenue for all states; this is attributable to a change in the RHD collection approach in 2010. 
However, little change in Massachusetts’s hospital revenue trajectory is evident in 2013, the year that 
the Massachusetts health care cost growth benchmark went into effect. 
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Figure 3.1. Unadjusted Mean Hospital Revenue per Discharge or Discharge Equivalent,  
1996–2023 

 

NOTE: Comparison states are states without health care cost growth benchmarks in the 1996–2023 period. The 
dashed vertical line indicates the implementation of the Massachusetts health care cost growth benchmark in 2013. 
Mean hospital revenue per discharge or discharge equivalent is taken across all hospitals in a given year, weighted by 
the number of hospital beds. The intervals around each point provide a 95-percent CI around the mean for that year. 

We now consider results from the four approaches we used to analyze the effect of the 
Massachusetts health care cost growth benchmark on hospital revenue. Table 3.2 provides the overall 
effect estimates from the EB and DD approaches (Approaches 1 and 2). Figure 3.2 shows the event-
study plots showing estimates from these two approaches. 

Table 3.2. Estimates of the Effect of the Massachusetts Health Care Cost Growth Benchmark on 
Hospital Revenue, 2013–2023 

Approach 
Inpatient Revenue Per 

Discharge 
Outpatient Revenue per 

Discharge Equivalent 

1: Comparison with hospitals in nonexpansion states $527 (−$619, $1,895) $394 (−$911, $1,862) 

2: Comparison with hospitals in highly insured counties −$1,909 (−$4,076, $77)* −$403 (−$2,068, $1,225) 

NOTE: A 95-percent CI is provided in parentheses after each estimate. We indicate statistically significant results  
(p < 0.05) using ** and marginally significant results (p < 0.1) using *. 
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For inpatient hospital revenue, the two approaches returned divergent point estimates, but neither 
was statistically significant. Approach 1, which compared Massachusetts hospitals with hospitals in 
late or never Medicaid expansion states, found that the Massachusetts health care cost growth 
benchmark caused a small but statistically insignificant increase in inpatient hospital revenue per 
discharge. Approach 2, which compared Massachusetts hospitals with hospitals in counties that had a 
90-percent insured rate pre-ACA, found a marginally significant decrease in inpatient hospital 
revenue per discharge at the p < 0.1 level. Both approaches showed that the Massachusetts health care 
cost growth benchmark did not have a statistically significant effect on outpatient hospital revenue.  

Figure 3.2. Event-Study Plots Showing the Effect of the Massachusetts Health Care Cost 
Growth Benchmark on Hospital Revenue per Discharge or Discharge Equivalent, 2010–2023  

 

NOTE: The dashed vertical line indicates the implementation of the Massachusetts health care cost growth benchmark 
in 2013. 

Table 3.3 provides coefficient estimates from the ITS used in Approach 3, and Figure 3.3 shows a 
visual depiction of the fitted time series and the observed data. Equivalent results with interactions by 
AMC status are provided in Appendix B. 
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Table 3.3. Effect Estimates from an Interrupted Time Series of Hospital Revenue per Discharge 
or Discharge Equivalent, 1996–2023 

Predictor Inpatient Revenue per Discharge Outpatient Revenue per Discharge Equivalent 

Intercept $5,570 ($4,657, $6,482) $8,629 ($7,245, $10,012) 

Time $168 ($77, $260)** $398 ($266, $530)** 

Post-2008 −$2,526 (−$5,171, $118)* −$4,709 (−$8,544, −$874)** 

Post-2013 −$1,040 (−$3,182, $5,262) $4,821 (−$1,272, $10,914) 

Post-2020 −$1,672 (−$8,533, $5,189) −$5,809 (−$15,709, $4,091) 

Time×Post-2008 $177 (−$44, $397) $427 ($108, $746)** 

Time×Post-2013 −$57 (−$313, $199) −$320 (−$690, $49)* 

Time×Post-2020 $80 (−$209, $369) $294 (−$123, $711) 

NOTE: A 95-percent CI is provided in parentheses after each point estimate. We indicate statistically significant 
results (p < 0.05) using ** and marginally significant results (p < 0.1) using *. Models also include a random hospital 
intercept with an assumed AR(1) correlation structure over time and are weighted by hospital size. Statistical tests are 
corrected with a Satterthwaite approximation.  

Figure 3.3. Fitted Interrupted Time Series of Hospital Revenue, 1996–2023 

 

NOTE: Observed data are depicted as points, and the fitted ITS is the diagonal black line. Black vertical dashed lines 
show the break points in the ITS at 2008 (Massachusetts health care reform) and 2020 (COVID-19 pandemic). The red 
vertical dashed line is the implementation of the Massachusetts health care cost growth benchmark in 2013.  
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These results show no statistically significant change in the trend of inpatient hospital revenue in 
2013, when the Massachusetts health care cost growth benchmark was implemented. However, the 
ITS identifies a marginally significant change in the slope of outpatient hospital revenue per discharge 
equivalent after 2013. The ITS estimates that annual outpatient hospital revenue increased by only 
$505 each year after 2013, whereas, prior to 2013, annual outpatient hospital revenue increased by 
$825 each year. However, these changes in the outpatient hospital revenue trend were largely reversed 
by COVID-19. The ITS also identifies significant increases in both inpatient and outpatient revenue 
over time and some significant or marginally significant changes in both inpatient and outpatient 
revenue around 2008, when Massachusetts health care reform was implemented. 

Finally, we turn to the results from Approach 4. The prediction-based model’s ability to predict 
hospital revenue conditional on our covariates was limited, with a normalized rMSE of 0.86 for 
inpatient revenue and 0.90 for outpatient revenue. Using those prediction-based models, we estimated 
that Massachusetts had an average reduction of $2,941 in inpatient revenue per discharge (95-percent 
CI: −$4,758, −$1,365) relative to comparison states, a statistically significant finding. The average 
effect on outpatient revenue per discharge equivalent was also statistically significant (−$2,841; 95-
percent CI: −$6,548, −$573). Figure 3.4 shows the estimated effects over time. The by-year effects 
for inpatient revenue were null from 2010 to 2013, and the first significant finding was in 2014. That 
could be attributable to the Massachusetts health care cost growth benchmark or the ACA. For 
outpatient revenue, effects were null from 2010 to 2018, and the first significant reduction occurred in 
2019, which was also when reductions in inpatient revenue became larger. This pattern is also present 
in the event-study plot for inpatient revenue from Approach 2. One explanation could be the 
tightened cost growth benchmark that Massachusetts imposed in 2018 (or some other factor). 

Figure 3.4. Estimated Treatment Effects from a Model-Based Approach for Estimating the Effect 
of the Massachusetts Health Care Cost Growth Benchmark on Hospital Revenue per Discharge 

or Discharge Equivalent, 2010–2023 

 

NOTE: Comparison states are states without health care cost growth benchmarks in effect. 
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Table 3.4 provides a summary of the results from the four different approaches used to estimate 
the effect of the Massachusetts health care cost growth benchmark on hospital revenue. For both 
inpatient and outpatient revenue, the approaches diverge. For inpatient revenue, Approach 4 indicates 
a statistically significant decrease, and Approach 2 shows a marginally significant decrease, while 
Approaches 1 and 3 suggest insignificant increases. For outpatient revenue, Approach 4 estimates a 
statistically significant reduction in outpatient revenue per discharge equivalent, and Approach 3 
estimates a marginally significant reduction in the trend of outpatient revenue over time. Approaches 
1 and 2 give null results for outpatient revenue. 

Table 3.4. Summary of Results for the Effect of the Massachusetts Health Care Cost Growth 
Benchmark on Hospital Revenue per Discharge or Discharge Equivalent, 2010–2023  

Approach 
Inpatient Hospital 

Revenue per Discharge 
Outpatient Hospital Revenue 

per Discharge Equivalent 

1: Comparison with hospitals in nonexpansion states Null Null 

2: Comparison with hospitals in highly insured 
counties 

Decrease: −$1,909  
(−$4,076, $77)* 

Null 

3: ITS Null Decrease: −$320 annually  
(−$690, $49)* 

4: Predicted versus actual growth Decrease: −$2,941  
(−$4,758, −$1,365)** 

Decrease: −$2,841  
(−$6,548, −$573)** 

NOTE: A 95-percent CI is provided in parentheses after each point estimate. We indicate statistically significant 
results (p < 0.05) using ** and marginally significant results (p < 0.1) using *. 

We regard Approaches 3 and 4 as weaker methods than Approaches 1 and 2. As a result, the 
findings for outpatient revenue, while interesting, were less compelling to us than the findings for 
inpatient revenue. For inpatient revenue, the different results from Approaches 1 and 2 may raise 
questions. Critically, Approach 1 (unlike Approaches 2 and 4) did not adjust for the vast differences in 
pre-ACA health insurance prevalence when we compared Massachusetts with other states. Although 
we sought to adjust for it in the EB for Approach 1, we were not able to achieve convergence when the 
insured rate was included as a balancing variable. We were also not able to include it in the EB for 
Approach 2, but we were able to adjust for it through the requirement that all comparison hospitals be 
located in counties that had a 90-percent health insured rate in 2012—a feature of less than 10 
percent of counties outside Massachusetts. That may have been one explanation for the discrepancy 
between Approach 1 and Approaches 2 and 4 for inpatient hospital revenue. In addition, in sensitivity 
analyses on the effect of the ACA on the parallel trends assumption for Approaches 1 and 2 (see 
Appendix B), we found that effects of the ACA in comparison states relative to Massachusetts could 
result in entirely null effects on hospital revenue, making us hesitant to overinterpret the different 
findings from Approaches 1 and 2. 

Approach 3 did implicitly adjust for Massachusetts’s high pre-ACA health insured rates insofar as 
it compared Massachusetts in the postperiod with Massachusetts in the preperiod, sidestepping the 
discrepancies with other states. But Approach 3 was minimalist in covariate adjustment, considering 
only trends over time and separately by AMC status, in part because it became complicated to 
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determine a priori how covariates contributed to Massachusetts’s hospital revenue trajectory over 
time. If this simple ITS model had produced a statistically significant effect, we might have considered 
a more complex model to confirm those findings. However, because the simple ITS model did not, 
building that more complicated model risks data-digging and spurious significant findings. 

Hospital Prices 
Table 3.5 provides information on the number of counties and mean values of standardized 

inpatient and outpatient prices used in the analysis of the effect of the Massachusetts health care cost 
growth benchmark on hospital prices, and Figure 3.5 shows the unadjusted trend in prices over the 
study period. 

Table 3.5. Sample Size and Mean Values of the Hospital Price Outcomes  

Measured Number or Value Category 
For Standardized Inpatient 

Price 
For Standardized Outpatient 

Price 

Mean number of counties per year 

Massachusetts 12 14 

States without cost growth benchmarks 576 1,060 

Mean value from 2016 to 2022 (SD) 

Massachusetts $19,561 ($6,444) $250 ($44) 

States without cost growth benchmarks $21,486 ($12,476) $390 ($162) 

Figure 3.5. Unadjusted Mean Standardized Hospital Price, 2016–2022 

 

NOTE: Comparison states are states without health care cost growth benchmarks in the 2016–2022 period. The mean 
standardized price is taken across all counties in a given year, weighted by the population size.  
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As with the hospital revenue outcomes, Massachusetts, on average, had lower standardized 
hospital prices for both inpatient and outpatient care than states without cost growth benchmarks.  

Only Approach 4 was able to produce estimates of the effect of the Massachusetts health care cost 
growth benchmark on hospital prices, because these data were available from only 2016 to 2022—
three years after the implementation of the Massachusetts health care cost growth benchmark in 2013. 
However, the predictive performance of the model in Approach 4 was poor: The normalized rMSE 
for inpatient prices was 1.01, while the normalized rMSE for outpatient prices was 0.95. Therefore, 
although we still present results for Approach 4, they should be interpreted with caution.  

We estimated that the cost growth benchmark may have caused a statistically significant $11,165 
reduction in standardized inpatient prices (95-percent CI: −$19,698, −$4,579) and a statistically 
significant change of −$189 in standardized outpatient prices (95-percent CI: −$293, −$98). Effects 
over time are shown in Figure 3.6.  

Figure 3.6. Estimated Effects from a Model-Based Approach for Estimating the Effect of the 
Massachusetts Health Care Cost Growth Benchmark on Standardized Hospital Prices, 2016–

2022 

 

NOTE: Comparison states are states without health care cost growth benchmarks in effect. 

Effects were fairly stable over time. Although the effects on outpatient prices were similar to the 
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$189), the effects on inpatient prices were much larger after we adjusted for other covariates via the 
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comparison state had identical covariates to Massachusetts, this finding would suggest that the state’s 
standardized inpatient price should be much higher than in Massachusetts. However, a comparison 
state having identical covariates to Massachusetts could also reflect issues with the representativeness 
of inpatient hospital claims in Massachusetts in the HPTD: The HPTD’s coverage of hospital claims 
in Massachusetts was poor, and the estimated standardized price may not have been accurate, which 
could also explain the significant effects on standardized prices.  

Health Insurance Premiums 
Finally, we present results for health insurance premiums. Table 3.6 provides the number of 

counties included in the premium analysis and the mean premium cost, and Figure 3.7 shows the 
unadjusted trend of health insurance premiums over the study period. 

Table 3.6. Sample Size and Mean Values of the Health Insurance Premium Outcomes  

Measured Number or Value Category For Individual Market Premium For Small-Group Premium 

Mean number of counties per year 

Massachusetts 14 14 

States without cost growth benchmarks 2,923 2,923 

Mean value from 2015 to 2023 (SD) 

Massachusetts $325 ($48) $325 ($59) 

States without cost growth benchmarks $328 ($78) $324 ($85) 

Figure 3.7. Unadjusted Mean Health Insurance Premiums, 2015–2023 

  

NOTE: Comparison states are states without health care cost growth benchmarks in the 2015–2023 period. The mean 
health insurance premium is taken across all counties in a given year, weighted by the population size.  
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For the premium outcomes, we saw little unadjusted difference between Massachusetts and the 
states without health care cost growth benchmarks. With the exception of individual market 
premiums in 2018 and small-group premiums in 2015, the difference in average premium was rarely 
more than $25 and often smaller. 

As with hospital prices, the only approach that we were able to use to estimate the effect of the 
Massachusetts health care cost growth benchmark on health insurance premiums was Approach 4, in 
which we built a prediction-based model for insurance premiums using data from states without 
health care cost growth benchmarks and then used this model to estimate a counterfactual premium 
cost in Massachusetts in the absence of a health care cost growth benchmark. The predictive 
performance of the premium models was better than the performance of the hospital price models, 
with a normalized rMSE of 0.71 for individual market premiums and 0.67 for small-group premiums. 
Using these models, we did not find statistically significant average effects of the Massachusetts health 
care cost growth benchmark on premiums: $26 (95-percent CI: −$22, $71) for individual market 
premiums and −$6 (95-percent CI: −$74, $45) for small-group premiums. 

Figure 3.8 shows the estimated effects over the study period. For individual market premiums, 
treatment effects were insignificant from 2015 through 2020, with significant increases in 2021, 2022, 
and 2023. Massachusetts had significantly lower small-group premiums in 2015, but effects were 
insignificant from 2016 to 2023. 

Figure 3.8. Estimated Treatment Effects from a Model-Based Approach for Estimating the Effect 
of the Massachusetts Health Care Cost Growth Benchmark on Health Insurance Premiums, 

2015–2023 

 

NOTE: Comparison states include states without health care cost growth benchmarks in effect. 
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Result Summary  
Our analysis suggests that the Massachusetts health care cost growth benchmark may have 

affected some key health care spending outcomes, although the evidence for these effects was weak and 
inconsistent. It is possible that the Massachusetts health care cost growth benchmark reduced hospital 
revenue and prices; for premiums, the findings were null.  
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Chapter 4 

Discussion 

We found weak and inconsistent evidence that the Massachusetts health care cost growth 
benchmark may have improved the spending-related outcomes we considered. Cost growth 
benchmark implementation reduced both inpatient and outpatient hospital revenue per discharge or 
discharge equivalent in two out of the four approaches, but this result was only marginally significant 
in one of these two approaches. We found no effect of cost growth benchmark implementation on 
health insurance premiums. There was some indication that cost growth benchmark implementation 
may have lowered inpatient and outpatient prices; however, these results relied on nonrepresentative 
data that were available only for postintervention and on an unconventional estimation approach, 
limiting interpretability. 

The near-simultaneous implementation of the ACA introduced confounding factors that 
differentially affected Massachusetts and other states. This made it challenging to identify an 
appropriate comparison group. Key assumptions about parallel trends were violated for some 
outcomes in the DD approaches, while the other approaches did not have a comparison group. 
Although our methods aimed to address possible differences between Massachusetts and comparison 
states and control for observable factors, they were unlikely to eliminate all sources of bias. The results 
that varied by method limited our confidence in any individual significant result. 

Nevertheless, these results provided weak evidence for effects of the Massachusetts health care 
cost growth benchmark on lower hospital revenue and prices. These findings differ from those in our 
study of other states that adopted similar health care cost growth benchmark policies, in which we 
found mostly null results (Eibner et al., 2026). The differences in findings could have been related to 
the fact that Massachusetts is one of the few states that enabled enforcement mechanisms for 
compliance with the cost growth benchmark, although Massachusetts exercised this authority only 
once. Specifically, in 2022, the HPC imposed a performance improvement plan on Mass General 
Brigham hospital system because of high spending between 2017 and 2018. The HPC later 
determined that the performance improvement plan was successful and, therefore, did not take an 
additional action, such as imposing a fine (HPC, 2024). 

Infrequent enforcement and limited penalties may have reduced the overall effect of the 
Massachusetts health care cost growth benchmark. Massachusetts stakeholders have suggested that 
the cost growth benchmark worked well in earlier years but that it was less effective after public 
interest declined and that it became more apparent that the enforcement mechanisms were weak 
(Lipson et al., 2022). In 2025, Massachusetts enacted expanded authority for the HPC, including 
having greater oversight of mergers and acquisitions and requiring that drug manufacturers provide 
testimony for annual reports and hearings (Gold and Brown, 2025). However, it is too early to know 
whether this policy change will meaningfully affect health spending. 
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To more effectively curb health care spending growth, policymakers could consider stronger 
enforcement, combining health care cost growth benchmarks with other policies, or other more-
targeted policies. For example, Rhode Island’s hospital price growth cap is part of a package of 
affordability standards, including value-based payments and increases to the share of primary care 
spending; these standards have been found to reduce hospital prices, insurance premiums, and per-
enrollee spending (Baum et al., 2019; Ryan et al., 2025). Similarly, Oregon’s hospital price cap 
reduced inpatient and outpatient prices and out-of-pocket spending (Murray, Norton, and Ryan, 
2024; Murray et al., 2024), although the program was limited to state employee plans and the 
magnitude of change could be different if the policy were applied more broadly. These examples 
suggest that cost growth benchmarks could be complementary with other policies focused on prices. 
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Appendix A 

Statistical Methods 

In this appendix, we present additional details on the statistical methods. 

Additional Data Sources 
In addition to the RHD, HPTD, and premiums data we used in our analyses of health care 

spending outcomes, we also assembled data on other variables that we used as covariates in the EB and 
DD models. These data were the following: 

• U.S. Census Bureau estimates of the total and age- and sex-stratified population at the county 
level for 2010 through 2023 (U.S. Census Bureau, 2022) 

• The U.S. Census Bureau’s Small Area Income and Poverty Estimates data for annual county-
level estimates of the poverty rate and medium household income for 2010 through 2023 
(U.S. Census Bureau, 2026b) 

• The U.S. Census Bureau’s Small Area Health Insurance Estimates data for annual county-
level estimates of the health insured rate for 2010 through 2023 (U.S. Census Bureau, 2026a) 

• The U.S. Bureau of Labor Statistics’ annual county-level estimates of the unemployment rate 
for 2010 through 2023 (U.S. Bureau of Labor Statistics, 2026)  

• The Centers for Disease Control and Prevention county-level estimates of COVID-19 
incidence and mortality for 2020 through 2022 (Centers for Disease Control and Prevention, 
2025) 

• The U.S. Department of Agriculture, Economic Research Service’s county-level rural-urban 
classifications for 2010 and 2020 (U.S. Department of Agriculture, Economic Research 
Service, 2025) 

• Neighborhood Atlas’s estimates of the census block–group level Area Deprivation Index for 
2015 (Kind and Buckingham, 2018). 

Using these data sources and the data described in the main manuscript, we assembled the 
following three analytic files: 

• a county-level file for 2010 through 2023 that contained the variables in the previous list, 
along with the county-level HPTD and premium outcomes and variables derived from the 
RHD, such as the number of hospital beds, number of teaching hospitals in the county, and 
the county hospital market concentration 

• a hospital-level file for 2010 through 2023 that contained the RHD outcomes; variables 
derived from the RHD, such as number of hospital beds; and the variables in the previous list 
(we used the county-level variable for the county in which each hospital was located) 
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• an additional hospital-level file for 1996 through 2023 that contained the RHD outcomes and 
information on AMC status, which was used for the ITS analysis. 

Additional Details on Multiple Imputation  
There were some missing data in our analytic files. Although most of the missing data were 

sporadic and minor, there were several challenging concerns: 

• RHD outcome data. The CMS cost reports underlying the RHD have some issues with data 
quality and reporting, which have been documented (Kane et al., 2021; Kane and Magnus, 
2001). We decided to set the RHD outcomes to be missing (and then impute replacement 
values) when the following occurred: 

- We set the number of inpatient discharges to be missing if the reported number of 
inpatient discharges were less than one. 

- We set the number of discharge equivalents to be missing if the reported number of 
discharge equivalents were less than zero. 

- We set inpatient revenue per discharge and outpatient revenue per discharge to be missing 
if they were negative or greater than the 99th percentile for this variable. 

• COVID-19 data for 2023. Although COVID-19 data were available for 2020 through 2022 
and we were comfortable assuming that COVID-19 incidence and mortality were zero prior 
to 2020, we did not have access to county-level COVID-19 incidence and mortality data for 
2023. Using the 2020–2022 data to impute COVID incidence and mortality in 2023 would 
have been questionable because multiple imputation may not account for the decrease in 
COVID mortality in 2023 as a result of vaccines and acquired immunity. Our main analysis 
for Approaches 1 and 2 used COVID-19 information in the models, but we present 
sensitivity analyses that excluded COVID-19 information in Appendix B. Approach 3 did not 
use any imputed COVID-19 information. Approach 4 used imputed COVID-19 information 
in the model. 

We used multiple imputation to address all these challenges and the sporadic missingness (Rubin, 
1996).  

For the hospital-level analytic file, we included the following variables in the multiple imputation 
for 2010 through 2023:  

• hospital and state fixed effects 
• year 
• inpatient revenue per discharge 
• outpatient net patient revenue per discharge equivalent 
• number of discharges 
• number of discharge equivalents 
• government ownership status 
• critical-access hospital status 
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• short-term general hospital status 
• teaching hospital status 
• whether the hospital provided Medicaid inpatient services 
• non-Medicare uncompensated costs 
• percentage of services that were inpatient 
• Medicare inpatient day share 
• Medicaid inpatient day share 
• non-Medicare and non-Medicaid inpatient day shares 
• poverty rate 
• median household income 
• unemployment rate 
• Area Deprivation Index 
• county population 
• number of hospital beds 
• median age 
• percentage of the population who were male 
• percentage of the population who were age 65 and older 
• percentage of the population who were female and ages 15 to 45 
• percentage of the population who had health insurance 
• rural or urban status 
• geographic census division 
• COVID-19 incidence rate 
• COVID-19 mortality rate 
• hospital market concentration 
• Medicare Advantage penetration rate 
• whether a health care cost growth benchmark was in effect in that year 
• whether Medicaid expansion was in effect in that year.  

For the county-level analytic file, we included the following variables in the multiple imputation 
for 2010 through 2025:  

• county and state fixed effects 
• year 
• mean individual market premium 
• mean small-group premium 
• number of individual market carriers 
• number of small-group carriers 
• mean 2015-indexed individual market premium 
• mean 2015-indexed small-group premium 
• standardized inpatient price 
• standardized outpatient price 
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• percentage of inpatient claims coming from an APCD 
• percentage of outpatient claims coming from an APCD 
• poverty rate 
• median household income 
• unemployment rate 
• Area Deprivation Index 
• county population 
• number of hospital beds 
• median age 
• percentage of the population who were male 
• percentage of the population who were age 65 and older 
• percentage of the population who were female and ages 15 to 45 
• insured rate 
• rural or urban status 
• geographic census division 
• COVID-19 incidence rate 
• COVID-19 mortality rate 
• hospital market concentration 
• whether the premiums used full community rating 
• whether a health care cost growth benchmark was in effect in that year 
• whether Medicaid expansion was in effect in that year.  

We then carried out multiple imputation with predictive mean matching using the R package 
mice. Our decision to include state, county or hospital, and year effects is consistent with guidance for 
imputing hierarchical data (Wijesuriya et al., 2020). Similarly, our decision to include the outcome 
variables in the multiple imputation is consistent with good practice (Austin et al., 2021). We 
generated 50 imputations for each analytic file. 

After conducting multiple imputation, we applied the following inclusion criteria on each 
imputation: 

• For the RHD outcomes, we included only hospitals that had at least 100 inpatient discharges 
(for the inpatient outcome) or at least 100 outpatient discharge equivalents (for the outpatient 
outcome). 

• For the HPTD outcomes, we included only counties that had at least 11 inpatient claims and 
at least 11 outpatient claims in the years of analysis. 

Applying these inclusion criteria after imputation (as we did) is the recommended approach (Austin, 
Giardiello, and van Buuren, 2023). We discuss how inference was conducted across multiple 
imputation in the following sections. 
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Inference for Approaches 1 and 2 
For Approaches 1 and 2, which used EB and DD, we used a fractionated bootstrap in 

combination with the multiple imputation to conduct inference for our estimated treatment effects. 
Our inference routine was as follows: 

1. Generate 50 multiple imputations, as described in the previous section. 
2. For each imputation, do the following:  

a. Apply the exclusion criteria described in the previous section. 
b. Generate 250 bootstrap samples via fractionated weighting. On each bootstrap replicate, 

do the following: 

i. For each hospital, calculate a fractionated bootstrap weight (Xu et al., 2020). Apply 
that fractionated bootstrap weight to all years for that hospital. 

ii. Carry out the EB. 
iii. Calculate a final analytic weight as the product of the fractionated bootstrap weight, 

the EB weight, and the size weight (either county population or hospital beds). 
iv. Run the DD models using the final analytic weight. 

At the end of this routine, we had 50 imputations × 250 bootstrap samples = 12,500 estimates of 
the treatment effects. We obtained point and CI estimates for the treatment effects by taking the 
mean, 2.5th, and 97.5th percentiles of the 12,500 samples (Schomaker and Heumann, 2018).  

Inference for Approach 4 
We used a nonfractionated bootstrap in combination with multiple imputation in Approach 4. 

Our inference routine was as follows: 

1. Generate 50 multiple imputations, as described previously. 
2. For each imputation, do the following: 

a. Apply the exclusion criteria described previously. 
b. Split data into comparison states (states other than Massachusetts and any pre-2013 

Massachusetts data) and treated (post-2013) Massachusetts data. 
c. Take 50 bootstrap samples from the comparison state data, selecting at the hospital or 

county level so that all years for a given hospital or county are either included or excluded 
in a given bootstrap sample. 

d. For each bootstrap sample: 

i. Split the bootstrapped comparison state data into an 80-percent training set and a 20-
percent testing set. 

ii. Fit a gradient-boosted regression tree on the 80-percent comparison state training 
data. 

iii. Use this model to generate predictions for the 20-percent comparison state testing 
data and for the Massachusetts data.  

iv. Estimate a normalized rMSE for the 20-percent comparison state data. 
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v. Estimate the weighted mean difference between predicted and observed values in each 
year for the 20-percent comparison state testing data and for the Massachusetts data, 
with the weights determined by county or hospital size. 

At the end of this routine, we had 50 imputations × 50 bootstrap samples = 2,500 estimates of 
the treatment effects and the normalized rMSE. We obtained point and CI estimates for the 
treatment effects by taking the mean, 2.5th, and 97.5th percentiles of the 2,500 samples. We used only 
50 bootstrap samples for Approach 4 because of computational limits. 
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Appendix B 

Results from Sensitivity Analyses 

In this appendix, we present results from sensitivity analyses. 

Sensitivity Analyses of Hospital Revenue 
Our first approach for estimating the effect of the Massachusetts health care cost growth 

benchmark on hospital revenue used EB and DD, comparing Massachusetts with states that were 
either never Medicaid expanders or late expanders in the years prior to expansion. In this section, we 
assess whether comparing with just never expanders, all states, or just on-time expanders made a 
difference in the results. In addition, we consider whether results change if we did not adjust for time-
varying covariates (i.e., COVID-19 incidence and mortality rate, unemployment rate, poverty rate, 
population, percentage of population age 65 and older, Medicare inpatient day share, Medicaid 
inpatient day share). Overall estimates from these different specifications are provided in Table B.1. 
Event-study figures for the analyses with time-varying covariates are shown in Figure B.1, and results 
without the time-varying covariates are shown in Figure B.2.  

Table B.1. Sensitivity Analyses of the Overall Effect of the Massachusetts Health Care Cost 
Growth Benchmark on Hospital Revenue per Discharge or Discharge Equivalent, Varying 

Medicaid Expansion Status and Inclusion of Covariates  

Analysis Group 
Inpatient Revenue per 

Discharge 
Outpatient Revenue per Discharge 

Equivalent 

Late or never expanders $166 (−$498, $907) $293 (−$1,198, $636) 

Late or never expanders, covariates $527 (−$619, $1,895) $394 (−$911, $1,862) 

Never expanders $894 (−$184, $2,022) $284 (−$1,007, $1,609) 

Never expanders, covariates $1,452 (−$565, $3,846) $1,143 (−$1,120, $3,691) 

All states $500 (−$1,847, $854) −$900 (−$3,103, $851) 

All states, covariates −$371 (−$1,960, $1,341) −$680 (−$3,174, $1,402) 

On-time expanders −$494 (−$1,720, $746) −$861 (−$2,282, $537) 

On-time expanders, covariates −$448 (−$1,938, $1,157) −$650 (−$2,290, $989) 

NOTE: The “Late or never expanders, covariates” row provides the top-line results presented in the main report. A 
95-percent CI is provided in parentheses after each point estimate. We would have indicated statistically significant 
results (p < 0.05) using ** and marginally significant results (p < 0.1) using *. 
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Figure B.1. Estimated Effect of the Massachusetts Health Care Cost Growth Benchmark on 
Hospital Revenue per Discharge or Discharge Equivalent Relative to Hospitals of Different 

Medicaid Expansion Status 

 

NOTE: The dashed vertical line indicates the implementation of the Massachusetts health care cost growth benchmark 
in 2013. 

Figure B.2. Estimated Effect of the Massachusetts Health Care Cost Growth Benchmark on 
Hospital Revenue per Discharge or Discharge Equivalent Relative to Hospitals of Different 

Medicaid Expansion Status, Without Time-Dependent Covariates  

 

NOTE: The dashed vertical line indicates the implementation of the Massachusetts health care cost growth benchmark 
in 2013. 
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Overall, we saw no major differences across these different modeling specifications: The effect of 
the cost growth benchmark on hospital revenue was consistently null for both inpatient and 
outpatient hospital revenue. When comparisons were made with late or never Medicaid expansion 
states, the effect was more likely to be estimated to be positive, and, when comparisons were made 
with on-time expanders or all states, the effect was more likely to be estimated to be negative. This was 
true for both inpatient and outpatient revenue. The results with time-varying covariates tended to 
estimate large spikes in 2020. Further inspection suggested that the spikes were caused by shifts in the 
unemployment rate because of the COVID-19 pandemic in 2020.  

Table B.2 and Figure B.3 give results for sensitivity analyses on Approach 2, which also used EB 
and DD but compared only hospitals located in counties that had a 90-percent health insured rate in 
2012, the year prior to the implementation of the Massachusetts health care cost growth benchmark. 
Although the main model specification presented in this report adjusted for time-varying covariates, 
we also present results without the time-varying covariates. For outpatient revenue, the addition of 
time-varying covariates made virtually no difference to the findings. However, for inpatient revenue, 
the addition of time-varying covariates had an effect. When time-varying covariates were excluded, we 
found that the Massachusetts growth benchmark resulted in a statistically significant decrease in 
inpatient hospital revenue per discharge. But when we adjusted for time-varying covariates, this effect 
was only marginally significant at the p < 0.1 level (although the magnitude of the effect was quite 
similar). 

Table B.2. Sensitivity Analyses of the Overall Effect of the Massachusetts Health Care Cost 
Growth Benchmark on Hospital Revenue per Discharge or Discharge Equivalent Relative to 

Hospitals in Counties with a 90-Percent Insured Rate in 2012  

Analysis Group Inpatient Revenue per Discharge Outpatient Revenue per Discharge Equivalent 

With covariates −$1,909 (−$4,076, $77)* −$403 (−$2,068, $1,225) 

Without covariates −$1,990 (−$3,969, −$312)** −$351 (−$1,913, $1,132) 

NOTE: The first row provides the top-line results presented in the main report. A 95-percent CI is provided in 
parentheses after each point estimate. We indicate statistically significant results (p < 0.05) using ** and marginally 
significant results (p < 0.1) using *. 
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Figure B.3. Estimated Effect of the Massachusetts Health Care Cost Growth Benchmark on 
Hospital Revenue per Discharge or Discharge Equivalent Relative to Hospitals in Counties with 

a 90-Percent Insured Rate in 2012, Without Time-Dependent Covariates  

 

NOTE: The dashed vertical line indicates the implementation of the Massachusetts health care cost growth benchmark 
in 2013. 

In addition to the ITS results presented as Approach 3 in the main report, we also fitted a second 
specification of the ITS that interacted all predictors with AMC status. These results are provided in 
Table B.3, and a visual depiction of the fitted time series is shown in Figure B.4. Results were largely 
unchanged: We still saw no significant change in inpatient hospital revenue in 2013 (when the 
Massachusetts health care cost growth benchmark was implemented), but there were marginally 
significant effects after 2013 for outpatient hospital revenue per discharge equivalent. In addition, we 
saw a significant increase in both inpatient and outpatient revenue over time, and we found significant 
effects in 2008 (at the time the Massachusetts health care reform took effect). Massachusetts AMCs 
had a significantly higher level of inpatient revenue per discharge than non-AMCs in Massachusetts, 
and there were significant changes in inpatient hospital revenue at AMCs after 2020 (likely 
attributable to the COVID-19 pandemic). 
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Table B.3. Effect Estimates from an Interrupted Time Series of Hospital Revenue per Discharge 
or Discharge Equivalent That Adjusts for Academic Medical Center Status, 1996–2023 

Predictor Inpatient Revenue per Discharge 
Outpatient Revenue per Discharge 

Equivalent 

Intercept $5,024 ($4,238, $5,809) $8,442 ($7,016, $9,869) 

Time $137 ($54, $220)** $314 ($179, $450)** 

Post-2008 −$2,579 (−$5,192, $35)* −$5,584 (−$9,580, −$1,588)** 

Post-2013 −$1,273 (−$2,928, $5,473) −$5,797 (−$577, $12,172)* 

Post-2020 $2,870 (−$4,136, $9,876) −$2,789 (−$13,232, $7,653) 

AMC $2,900 ($960, $4,841)** $534 (−$2,922, $3,990) 

Time×Post-2008 $188 (−$27, $403)* $532 ($201, $864)** 

Time×Post-2013 −$70 (−$325, $185) −$378 (−$765, $8)* 

Time×Post-2020 −$111 (−$405, $184) $160 (−$279, $599) 

Time×AMC $134 (−$79, $348) $476 ($125, $826)** 

AMC×Post-2008 −$1,676 (−$8,784, $5,431) $4,589 (−$6,554, $15,731) 

AMC×Post-2013 −$177 (−$11,310, $10,957) −$7,428 (−$24,861, $10,005) 

AMC×Post-2020 −$29,293 (−$47,581, −$11,005)** −$21,969 (−$50,221, $6,283) 

Time×AMC×Post-2008 −$99 (−$484, $681) −$625 (−$1545, $295) 

Time×AMC×Post-2013 $10 (−$668, $688) $450 (−$610, $1,511) 

Time×AMC×Post-2020 $1,223 ($456, $1,991)** $977 (−$210, $2,165) 

NOTE: A 95-percent CI is provided after each point estimate. We indicate statistically significant results (p < 0.05) 
using ** and marginally significant results (p < 0.1) using *. Models also include a random hospital intercept with an 
assumed AR(1) correlation structure over time and are weighted by hospital size. Statistical tests are corrected with a 
Satterthwaite approximation. 
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Figure B.4. Estimated Effect of the Massachusetts Health Care Cost Growth Benchmark on 
Hospital Revenue per Discharge or Discharge Equivalent Using an Interrupted Time Series That 

Adjusts for Academic Medical Center Status 

 

NOTE: Observed data are depicted as points, and the fitted ITS is the diagonal black line. Black vertical dashed lines 
show the break points in the ITS in 2008 (Massachusetts health care reform), 2013 (the Massachusetts health care cost 
growth benchmark), and 2020 (COVID-19 pandemic). 
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may have been similar to Massachusetts hospitals in terms of insured rate and surrounding area 
socioeconomic status, they were not located in states that had health care cost growth benchmarks 
and, thus, should not have had a change in their hospital revenue trajectory in 2013 (when the 
Massachusetts health care cost growth benchmark was implemented).  

Table B.4 provides overall effect estimates from all these sensitivity analyses, and Figure B.5 shows 
effects over time when potentially endogenous covariates were included. Figure B.6 shows effects over 
time for the sensitivity tests on inpatient revenue, and Figure B.7 shows the effects over time for the 
placebo test on inpatient revenue.  

Table B.4. Sensitivity Analyses for Estimating the Overall Effect of the Massachusetts Health 
Care Cost Growth Benchmark on Hospital Revenue Using a Prediction-Based Approach 

Analysis Group 
Inpatient Hospital Revenue 

per Discharge 
Outpatient Hospital Revenue 

per Discharge Equivalent 

Nonendogenous predictors only −$2,941 (−$4,758, −$1,365)** −$2,841 (−$6,548, −$573)** 

All predictors (including potentially endogenous) −$3,406 (−$5,216, −$1,941)** −$2,533 (−$4,759, −$481)** 

Relative to 90-percent insured −$1,638 (−$3,276, $134) N/A 

Without pre-2013 MA data −$5,563 (−$8,718, −$2,998)** N/A 

Placebo test −$140 (−$766, $489) N/A 

NOTE: The first row provides the top-line results presented in the main report. A 95-percent CI is given in 
parentheses after each point estimate. We indicate statistically significant results (p < 0.05) using ** and marginally 
significant results (p < 0.1) using *. MA = Massachusetts; N/A = not applicable. 
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Figure B.5. Estimated Effect of the Massachusetts Health Care Cost Growth Benchmark on 
Hospital Revenue per Discharge or Discharge Equivalent Using a Prediction-Based Model 

Approach with Potentially Endogenous Covariates  

 

Figure B.6. Estimated Effect of the Massachusetts Health Care Cost Growth Benchmark on 
Inpatient Hospital Revenue per Discharge Using a Prediction-Based Model Approach That 

Varies Which Hospitals Are Included in the Model Training Data 
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Figure B.7. Placebo Test of the Estimated Effect of the Massachusetts Health Care Cost Growth 
Benchmark on Inpatient Hospital Revenue per Discharge  

 

When potentially endogenous predictors were included in the model, we saw little change in the 
results: We still found statistically significant negative effects on inpatient and outpatient hospital 
revenue. The estimated effect on inpatient hospital revenue was larger when potentially endogenous 
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counties, the effect on inpatient hospital revenue was still large and negative but no longer statistically 
significant. However, this could have been caused by reduced statistical power because the reduced 
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removed pre-2013 Massachusetts data from the training data of the model, the estimated effect on 
inpatient hospital revenue became much larger (and remained statistically significant). This seems to 
be because the model struggled to adjust for the difference in the level of inpatient hospital revenue 
when comparing Massachusetts with other states. As a result, as shown in Figure B.6, we saw that, 
when pre-2013 Massachusetts data were excluded, there was a statistically significant decrease in 
hospital revenue, even in 2010 to 2012, before the Massachusetts health care cost growth benchmark 
went into effect. Finally, our placebo test did not detect a statistically significant effect of the 
Massachusetts health care cost growth benchmark, as we hoped. 
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Sensitivity Analyses of Hospital Prices 
In the main report, we presented results from Approach 4 for hospital prices. The model in the 

main report did not include potentially endogenous predictors to estimate the trajectory of hospital 
prices in Massachusetts. In this section, we present results from a model in which potentially 
endogenous predictors were included in the model. Table B.5 provides overall effect estimates, and 
Figure B.8 shows effects over time. Adjusting for potentially endogenous predictors had almost no 
effect on the findings for outpatient prices. For inpatient prices, it substantially increased the 
magnitude of the effect of the Massachusetts health care cost growth benchmark. Findings on 
statistical significance were unchanged.  

Table B.5. Sensitivity Analyses for Estimating the Overall Effect of the Massachusetts Health 
Care Cost Growth Benchmark on Hospital Prices Using a Prediction-Based Approach 

Analysis Group Inpatient Price Outpatient Price 

Nonendogenous predictors only −$11,165 (−$19,698, −$4,579)** −$189 (−$293, −$98)** 

All predictors (including potentially endogenous) −$13,785 (−$25,790, −$6,185)** −$189 (−$277, −$120)** 

NOTE: The first row provides the top-line results presented in the main report. A 95-percent CI is given in 
parentheses after each point estimate. We indicate statistically significant results (p < 0.05) using ** and marginally 
significant results (p < 0.1) using *.  

Figure B.8. Estimated Effect of the Massachusetts Health Care Cost Growth Benchmark on 
Hospital Prices Using a Prediction-Based Model Approach with Potentially Endogenous 

Covariates  
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Sensitivity Analyses of Health Insurance Premiums 
We also present results from Approach 4 for health insurance premiums using a model in which 

potentially endogenous predictors were included. Table B.6 provides overall effect estimates, and 
Figure B.9 shows effects over time. When potentially endogenous predictors were included, the 
estimated effect on individual market premiums became statistically significant and showed a larger 
increase in individual market premiums in Massachusetts. These increases occurred in all years. For 
small-group premiums, the overall estimated effect flipped sign but remained small when potentially 
endogenous predictors were included. However, statistically significant increases in the small-group 
premium were observed in 2017 and 2019 when potentially endogenous predictors were added. 

Table B.6. Sensitivity Analyses for Estimating the Overall Effect of the Massachusetts Health 
Care Cost Growth Benchmark on Insurance Premiums Using a Prediction-Based Approach 

Analysis Group Individual Market Small Group 

Nonendogenous predictors only $26 (−$22, $71) −$6 (−$74, $45) 

All predictors (including potentially endogenous) $52 ($25, $81)** $13 (−$19, $44) 

NOTE: The first row provides the top-line results presented in the main report. A 95-percent CI is given in 
parentheses after each point estimate. We indicate statistically significant results (p < 0.05) using ** and marginally 
significant results (p < 0.1) using *. 

Figure B.9. Estimated Effect of the Massachusetts Health Care Cost Growth Benchmark on 
Health Insurance Premiums Using a Prediction-Based Model Approach with Potentially 

Endogenous Covariates  
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Sensitivity Analyses of Affordable Care Act Effects 
Uncontrolled confounding from the ACA was a major concern throughout this analysis. The 

ACA went into effect in 2014, one year after the implementation of the Massachusetts health care 
cost growth benchmark. However, the ACA likely affected Massachusetts in very different ways from 
it did other states because Massachusetts had already implemented health care reform in 2006. As a 
result, the estimated effects of the ACA were attenuated in Massachusetts relative to the effects 
observed in other states. This issue was particularly pernicious for Approaches 1 and 2 in our analysis. 
Approaches 1 and 2 relied on the parallel trends assumption, in which we assumed that, in the absence 
of intervention, the trend in the outcome in Massachusetts would have continued parallel to the trend 
in the outcome in the comparison states. The ACA rollout would likely violate the parallel trends 
assumption because it would cause a shock and a shift in the trend in the comparison states that were 
not seen in Massachusetts.  

To better understand the extent of this problem, we conducted additional sensitivity analyses on 
how uncontrolled confounding from the ACA may have affected our results for hospital revenue in 
Approaches 1 and 2 to give a sense of the problem. We used the honest DD approach of Rambachan 
and Roth (2023), which estimates bounds on the treatment effect under different violations of the 
parallel trends assumption. Researchers decide how severely the parallel trends assumption might be 
violated using subject-matter expertise, event-study plots, or other features of their data and use these 
assumed violations to determine how much the treatment effect estimate could be affected. In our 
setting, we assumed that the parallel trends assumption may have been violated to some extent by the 
ACA, and we used our data to estimate how severely the differential rollout of the ACA in 
Massachusetts may have marred parallel trends. We then produced bounds for the effect of the 
Massachusetts health care cost growth benchmark that incorporated this violation of parallel trends.  

To estimate the extent of the parallel trends violation, we fitted an ITS that considered changes in 
hospital revenue over time, with break points in 2014 (for ACA implementation) and 2020 (for the 
COVID-19 pandemic) in data from comparison states. We fitted this ITS separately for inpatient 
and outpatient hospital revenue, including fixed effects for state and random effects for hospitals, with 
an AR(1) correlation structure over time within hospitals and weighted by hospital size. We also 
fitted the ITS models separately in two sets of controls: the Approach 1 set of controls (hospitals in 
states that had not yet expanded Medicaid) and the Approach 2 set of controls (hospitals located in 
counties with a 90-percent insured rate in 2012). Results from these models are provided in 
Table B.7. 
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Table B.7. Effect Estimates from an Interrupted Time Series of Hospital Revenue per Discharge 
or Discharge Equivalent over Time for Two Sets of Control Hospitals, 1996–2023 

Predictor 

Inpatient Hospital Revenue per 
Discharge 

Outpatient Hospital Revenue per Discharge 
Equivalent 

Approach 1 
Controls 

Approach 2 
Controls Approach 1 Controls Approach 2 Controls 

Intercept $1,658  
(−$670, $3,987) 

$7,606  
(−$19,605, $34,817) 

$2,529  
(−$879, $5,936) 

$11,665  
(−$13,156, $36,486) 

Time $281  
($238, 324)** 

$273  
($58, $489)** 

$526  
($443, $609)** 

$694  
($536, $852)** 

Post-2014 −$896  
(−$2,653, $861) 

−$5,429  
(−$15,189, $4,331) 

−$8,616  
(−$12,466, −$4,766)** 

−$13,331  
(−$19,817, −$6,845)** 

Post-2020 −$1,418  
(−$4,698, $1,862) 

$19,894  
($105, $39,683)** 

−$27,234  
(−$34,871, −$19,598)** 

$10,026  
(−$2,503, $22,554) 

Time×Post-
2014 

$53  
(−$45, $151) 

$312  
(−$230, $854) 

$482  
($269, $696)** 

$744  
($382, $1,107)** 

Time×Post-
2020 

$99  
(−$40, $237) 

−$784  
(−$1,619, $51) 

$1,194  
($872, $1,517)** 

−$302  
(−$831, $227) 

NOTE: A 95-percent CI is given in parenthesis after each point estimate. We indicate statistically significant results (p 
< 0.05) using ** and marginally significant results (p < 0.1) using *. Models also include state fixed effects and a random 
hospital intercept with an assumed AR(1) correlation structure over time. Statistical tests are corrected with a 
Satterthwaite approximation.  

As Table B.7 shows, both inpatient and outpatient hospital revenue steadily increased over time 
for both sets of comparison hospitals. For outpatient revenue per discharge equivalent, there was a 
statistically significant change in both the intercept and slope of the trend after ACA implementation 
in 2014. Although the ITS models did not detect statistically significant changes in the inpatient 
hospital revenue trend after 2014, the magnitude of the change in trend after 2014 was still quite large. 
For both inpatient and outpatient revenue, there was a one-time reduction in hospital revenue at the 
time of ACA implementation but an increase in the slope of hospital revenue over time post-ACA 
implementation. If we falsely assumed that the trend of hospital revenue for comparison hospitals 
remained parallel to the Massachusetts hospital revenue trend (when, in reality, the comparison 
hospital trend increased after 2014, after an initial negative shock), we could have incorrectly 
concluded that the Massachusetts health care cost growth benchmark reduced hospital revenue 
relative to the counterfactual, although, in reality, it was merely that the ACA increased hospital 
revenue for comparison states relative to Massachusetts. 

From the findings in Table B.7, we assumed that, from 2014 onward, the trends in hospital 
revenue for Massachusetts and the comparison states did not stay parallel. Instead, we assumed that 
the hospital revenue trend in comparison hospitals linearly shifted away from parallel at the annual 
rate estimated by the ITS after 2014. For example, for the trend in inpatient hospital revenue per 
discharge for Approach 1 controls, we assumed that the trend diverged from parallel at a rate of $53 
per year from 2014 onward. We also assumed the presence of a one-time shock for comparison 
hospitals in 2014, corresponding to the estimated change in intercept in 2014 from the ITS. (This 
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was calculated as 1996 − 2013 = −17 multiplied by the change in slope after 2014 minus the change 
in intercept after 2014.) For example, considering the trend in inpatient hospital revenue per discharge 
for Approach 1 controls, we assumed that, in 2014, inpatient hospital revenue per discharge abruptly 
dropped by (−17 × $53) + $896 = −$5. Under these assumptions, we used the honest DD approach 
of Rambachan and Roth (2023) to produce bounds for the treatment effect if these parallel trends 
violations occurred. Results from this analysis are provided in Table B.8.  

Table B.8. Rambachan and Roth Bounds on the Estimated Effect of the Massachusetts Health 
Care Cost Growth Benchmark on Hospital Revenue per Discharge or Discharge Equivalent 

Approach 
Inpatient Hospital 

Revenue per Discharge 
Outpatient Hospital Revenue 

per Discharge Equivalent 

1: Comparison with hospitals in nonexpansion states (−$603, $1,146) (−$2,530, $1,105) 

2: Comparison with hospitals in highly insured 
counties 

(−$940, $1,063) (−$1,557, $1,327) 

NOTE: We indicate statistically significant results (p < 0.05) using ** and marginally significant results (p < 0.1) using *. 

As Table B.8 shows, the estimated effects of the Massachusetts health care cost growth 
benchmark on hospital revenue may have been entirely null after the effects of the ACA on 
comparison states were incorporated into the analysis. We do not want to put too much stock in these 
findings: Our estimates of the effects of the ACA on comparison states are crude. However, we 
included these sensitivity analyses as a cautionary exercise against overinterpreting any of our findings 
about the effects of the Massachusetts health care cost growth benchmark on health care spending. 
Given the near-simultaneous rollout of the ACA with the Massachusetts health care cost growth 
benchmark, any attempt to obtain causal estimates in this setting could be fraught. 
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Abbreviations 

ACA Affordable Care Act 
AMC academic medical center 
APCD all-payer claim database 
AR(1) first-order autoregression 
CCIIO Center for Consumer Information and Insurance Oversight 
CI confidence interval 
CMS Centers for Medicare & Medicaid Services 
COVID-19 coronavirus disease 2019 
DD difference-in-differences 
EB entropy balancing 
HPC Massachusetts Health Policy Commission 
HPTD RAND Hospital Price Transparency Data 
ITS interrupted time series 
N/A not applicable 
RHD RAND Hospital Data 
rMSE root mean-squared error 
SD standard deviation 
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