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ABSTRACT

Objective: In 2011, the Centers for Medicare and Medicaid Services (CMS) announced the first of two value-based purchasing
(VBP) programs for hospital-acquired conditions. This represents one of few studies assessing the impact of both programs, the
Hospital Value-Based Purchasing (HVBP) program and the Hospital-Acquired Condition Reduction Program (HACRP), while
also uniquely exploring nursing-based investments as mechanisms for improvement.

Methods: 2007-2019 inpatient discharge and financial data from Florida’s Agency for Health Care Administration are combined
with Agency for Healthcare Research and Quality patient safety indicators (PSIs). Modified interrupted time series analyzes
timing of the announcement of each program to PSI trends and the association of these outcomes (PSI rates) with nursing-based
investments, for a select set of nurse-sensitive, inpatient PSIs. Study compares two PSIs targeted by the VBP programs to a
non-targeted PSI, using a panel of statewide acute care general hospitals (137 hospitals, N = 1,781), controlling for hospital fixed
effects and other unobservable factors (omitted variables).

Results: Annual reduction (improvement) in trends of 16% and 2% for targeted, and insignificance for non-targeted, outcomes
(PSI rates), following announcement of the HVBP program (2011). No further reduction following announcement of the HACRP
(2014). Investments in nurse education and staffing are associated with reductions in targeted outcomes of 7% and 4.5%,
respectively, following announcement of the HVBP.

Conclusions: HVBP (only) was associated with improvement in hospital safety, and with a positive association of investment with
safety. CMS should consider consolidating its two overlapping programs while incorporating incentives for quality investment.

Key Words: Hospital-acquired conditions, Value-based purchasing, Nursing, Hospital quality

1. INTRODUCTION program. This initiative reflected the emerging practice of
In the spring of 2011, the Centers for Medicare and Medicaid “pay for performance,” that is, paying hospitals based on the
Services (CMS), under the Affordable Care Act, announced ~quality, not just quantity, of care delivered.!'! The HVBP
creation of the Hospital Value-Based Purchasing (HVBP) Wwas soon followed, in 2014, by the Hospital-Acquired Condi-
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tion Reduction Program (HACRP). The programs are similar
in that they focus on hospital-acquired conditions and use
financial incentives (either rewards or penalties) to achieve
improvements. In the case of the HVBP, a hospital is re-
warded for meeting quality-performance standards by receiv-
ing back a portion of funds (2%) initially withheld to fund
the program.?! In the case of HACRP, a hospital incurs a 1%
reduction in its aggregate Medicare payment if the hospital’s
performance score falls within the lowest quartile of all hos-
pitals subject to the program.*! With some exceptions, all
general acute-care hospitals are subject to both valued-based
purchasing (VBP) programs.[?3!

Almost all prior studies assessing the impact of these pro-
grams have looked at either the HVBP or HACREP, in isola-
tion, despite early calls to consider their interaction, given
their similarities and overlapping timing.[®! Most of these
studies have used either interrupted time series (ITS)[!
or difference-in-difference (DID) models!® 1! as empirical
strategies to identify effects. Researchers employing DID
models face the difficulty of finding appropriate control
groups. For example, hospitals excluded from the policies
tend to be critical care,'”! children’s, or psychiatric hospitals,
all different from the treated hospitals in terms of market
and patient population. Sheetz and colleagues conducted a
study on the HACRP (the second program), employing an
alternative DID strategy, using outcomes not targeted by the
program (i.e., non-targeted outcomes) as the control group
with data from the Michigan Surgical Quality Collaborative,
a voluntary network of statewide hospitals focused on quality
improvement and sharing best practices.’ They mapped out-
comes to several of the patient safety indicators (PSIs) from
the Agency for Healthcare Research and Quality (AHRQ)
as well as other events specifically targeted by the Michigan
collaborative (e.g., catheter associated urinary tract infec-
tion (CAUTI), surgical site infection (SSI) for colectomy
and hysterectomy, and Clostridium difficile infection). They
compared these outcomes to several non-targeted outcomes,
finding no evidence the HACRP was associated with an in-
dependent decrease in the targeted conditions.

The use of ITS has similarly found minimal effects from
these programs. In the one previous study of which the cur-
rent authors are aware that examines both the HVBP and
HACRP, Hsu and colleagues found no statistically signifi-
cant effect from the implementation of either program on
four types of hospital-acquired infections, including CAUTI,
SSI, as well as central line-associated bloodstream infection
(or CLABSI).[%!

Blending the work of Sheetz et al. and Hsu et al., this study
looks at the impact of both programs, employing a modified
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interrupted time-series design on a panel of all Florida gen-
eral acute-care hospitals subject to both programs, between
2007 and 2019. It analyzes effects on three nurse-sensitive
PSI outcomes, two targeted by the programs (PSIs #7 and
#8) and one non-targeted outcome (PSI #4). The present
study also uniquely explores mechanisms by which hospi-
tals have achieved quality improvement by examining the
relationship between these nurse-sensitive outcomes and two
nursing-based measures representing investment in quality:
expenditure on the continuing education and training of nurse
staff, and a measure of per patient staffing.'-'3 While re-
cent studies have found beneficial effects from investment in
education and training,[l“’ 151 there is more mixed evidence
from earlier studies on per-patient staffing.!!!13:16-18] Fyr-
ther evidence on specific types of quality investment can
guide hospital administrators, and policy makers, on whether,
and where, to invest in quality.

Analytically, regression coefficients on the quality invest-
ments will be subject to bias due to non-random selection
or omitted variables. While there is no formal method to
address these issues when they involve more than one co-
variate (in this case, multiple measures of investment), this
study minimizes the impact in two ways. First, it exploits
the panel structure of the data to control for unobserved and
time-invariant hospital-level factors (i.e., fixed effects) that
could be correlated with both the investments and the PSI out-
comes. Second, the present study constructs a proxy-variable
framework by including several hospital-level groups of co-
variates to control for unobserved determinants of patient
safety. Each group of proxy variables represents a broad and
largely intangible domain of the hospital, or its environment,
that is unobserved or simply unmeasurable, but that likely in-
fluences nursing-based investments as well as nurse-sensitive
quality outcomes (i.e., PSI).['*! As described in the next sec-
tion, the proxy-variable framework is a standard statistical
method, using observable measures to represent unobserved
(or unmeasurable) but relevant covariates in regression anal-
yses (see, for example, DeSimone!'?).

The hospital-domain framework developed here draws from
the health policy literature on hospital context.?°2?! Given
the uneven success of early quality improvement initiatives,
researchers and health care practitioners began to focus on
the importance of the specific internal and external char-
acteristics of hospitals as key to the implementation and
success of any particular initiative.*"! In terms of patient
safety, organizational characteristics (e.g., financial status,
complexity, academic affiliation, service mix), leadership,
and market competition were identified as contextually rele-
vant factors determining the successful cultivation of patient
safety skills and practices.*2224 The present study incor-
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porates four such contextual elements, or domains: organiza-
tional type, organizational structure, leadership, and market
conditions.!"*! Each domain is represented by a set of proxy
measures, which are the control variables in the empirical
model developed here.

2. METHODS

2.1 Empirical model

As mentioned, this study employs a modified interrupted
time-series empirical model to assess the impact of the VBP
programs on three of AHRQ’s PSIs: PSI #7 (CLABSI), PSI
#8 (patient falls with hip fracture), and PSI #4 (failure to

rescue, FTR). All three are well established in the literature
as nurse-sensitive outcomes.!'>23% However, while PSI
#7 is one of several directly targeted hospital-acquired infec-
tions in both the HVBP and HACRP, and PSI #8 is indirectly
targeted in both programs as a component of PSI-90 (a com-
posite measure representing 10 individual PSIs and directly
targeted by both programsl>-3!:321) PSI #4 is a target of nei-
ther program. Identification of program effects is therefore
established through the variation in targeting across these
three clinically related (i.e., nursing) outcomes.

For each PSI rate, “p” (p =7, 8, or 4), for hospital “i”” at time
(year) “t,” we estimate the following Equation 1:

PSIi = Bopi + P11y + BoEi + $3Si + BaTvr + Bs (Eir X dut) + Be (Sie X duy)

+B7Tat + Bs (it X dat) + Bo (Sit X dat) + > BroDuit + hi + €t

where f,; is the baseline PSI rate in the first year (2007),
T; is elapsed time (years) since the beginning of the study
period, F;; and S;; are baseline expenditures on the con-
tinuing education of nurse staff (education) and per-patient
staffing (staffing), respectively, T',; and T,; represent elapsed
time since the announcement of each VBP program (HVBP:
denoted “v”’; HACRP: denoted “a”), and d,; and d,; are
dummy (i.e., binary) variables to capture the pre- (0) and

post- (1) periods of each program. In addition, D, rep-
Dyit = 0oz + 012 Rait + Tait, (X =1,... 4)

where, by definition, E(r,;;) = 0 and Cov(Ryt, T2it) = 0.33
Substituting these four linear functions back into (1) results

4

ey

resents a vector of the four unobserved hospital domains
described above, h; is a vector of hospital fixed effects, and
€4+ 1S a random-error term.

To address non-random selection and omitted-variable bias
associated with the nursing-based investments, each unob-
servable domain, contained in D, is theoretically defined
as a linear function of its observable proxies, R,;:, and an
error term, 7;; (see Equation 2):

@

in the estimable (observable) Equation 3:

4
PSIy; = (ﬁOpi + Z 51090m‘> + 81Ty + BoEir + B3Sit + BaTor + Bs (Eir X dyt) + B (Sit X dut) +

4 4
BTt + Bs (Eir X dat) + Bo (Sit X dar) + Y, B10610 Rusit + hi + <Z Proreit + Eit> 3

If each set of proxies (R;;;) is closely associated with its
corresponding domain (D,;), then the key covariates (E;;
and S;;, in this case) are uncorrelated with the error term
(rz4¢) in (2), as well as the composite error term in (3), allow-
ing for consistent estimates of 33, 33, 35, 36, Bs, and 3g.13
This assumption in tested in Section 3.3, applying tools from
recent work in the statistics and econometrics literature on
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coefficient sensitivity to omitted variables.[3* 33

2.2 Hypotheses

The coefficients of interest in (3) are those that capture the
effects of the VBP programs. They include 54 and 37, rep-
resenting the change in trends (i.e., slopes) of the PSI rates
following the announcement of each VBP program, and s,
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Bs, Bs, and (B9, capturing the change in the effect of the
nursing-based investments following the announcement of
each program. We predict, unambiguously, a negative sign
on the trend coefficients (84, f7 < 0), given the expected
incentives of the VBP programs to reduce PSI rates. The
prediction for the investment coefficients is, however, am-
biguous. Investment in quality should lead to a reduction
in adverse patient safety events. However, investment could
also lead to ““surveillance bias,” that is, more detection and
an increase in observed rates.[!7-3!

Our prediction for all investment coefficients (including the
baseline coefficients, 5o and (33) is, therefore, ambiguous
(B2, B3, Bs, Bs, Bs., Bo is less than or greater than 0).

2.3 Data and measures

Data for this study come from the annual 2007 to 2019 hos-
pital inpatient discharge and financial files from Florida’s
Agency for Health Care Administration (AHCA).”! The
discharge files include patient demographic characteristics,
payer (i.e., insurance), diagnoses, and procedures performed
during each hospital stay. The financial files provide ex-
tensive information on hospital revenues, expenses, staff,
types of services, and ownership status. The discharge data
is combined with AHRQ’s PSI software to calculate annual
hospital-level PSI rates for PSI #7 (CLABSI), PSI #8 (patient
falls with hip fracture), and PSI #4 (FTR). Two versions of
the software are used to account for the 2016 (specifically,
fourth quarter of 2015) conversion from ICD-9 to ICD-10
diagnoses codes.?®31 ICD-10 codes have expanded the
coding of diagnoses (from 5 to 7 digits), allowing for more
specificity and flexibility in capturing risk and severity of
illness relative to the ICD-9 version.[*%#!1 While the AHRQ
software provides for continuity between the two coding sys-
tems, we nonetheless construct a dummy variable, setting
it equal to 1 after 2015, to account for any changes in the
administrative coding of these measures.

The financial data are used to create the measures of nursing-
based investment, which specifically come from two cost
centers defined uniformly across all Florida hospitals.[*?! The
first center, Nursing Administration, is responsible for the
management of nursing staff (e.g., scheduling, supervision,
and evaluation), including any continuing education provided
the staff. The center’s non-wage portion of expenditures is
used as the measure of continuing education (Education).
The second cost center, Acute Medical/Surgical Services, is
responsible for all acute care provided by the hospital. The
number of full-time equivalent (FTE) personnel in this center
is used to construct a measure of per-patient staffing. Because
AHCA does not separately identify nursing personnel (not
since 2009), the present study uses the number of all FTE
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non-physician medical and surgical staff per thousand inpa-
tient days for the measure of staffing (Staffing). This broader
measure includes nursing as well as all other non-physician
staff involved in delivering acute-care services.!4!

The AHCA financial data are also used to create a set of
proxy variables for each of the four hospital domains: or-
ganizational type, organizational structure, leadership, and
market conditions. These measures, chosen to address po-
tential selection or omitted-variable bias, encompass various
dimensions of the hospital that directly or indirectly influence
safety culture, including teaching and safety-net status, types
of services, use of information technology, resources dedi-
cated to assessing quality, and market competition./1420-43]
Definitions of these measures are presented in Appendix Al,
with a crosswalk to their respective domains and underlying
contextual factors. It is important to note that Kaplan et al.,
in conducting a systematic review of 47 articles on quality
improvement, specifically identified Medicare and Medicaid
(which are used here as proxies for financial status due to
their relatively low reimbursement) as contextual factors in
three articles.?”) In addition, while the leadership domain
is represented by a sole financial measure, expenditure on
quality review of medical care, that measure contains the
portion of all physician remuneration (fees, salaries, benefits)
that goes toward that activity.l*?! It reasonably represents,
therefore, the “physician involvement” contextual factor.

Hospitals subject to the HVBP and HACRP are identified us-
ing publicly available performance reports for each program
from the CMS.[*# In establishing the expected breaks in
the data for each program (that is, the point in time marking
the beginning of the post-policy period for each program),
timing is based on when each program was announced rather
than formally implemented. Indeed, anticipatory changes
in response to health policy announcements (prior to imple-
mentation) have been observed in a wide variety of cases,
such as changes in sugar-sweetened beverage consumption,
birth timing, prescription drug use, and vaping.[*°! Thus,
following Sheetz et al. and Arntson et al., the present study
uses linear splines to capture change in trends following the
announcement of each program.®-3°! Because the HVBP
program was announced relatively early in 2011 (April),’>!]
2011 is used as the starting point for that program. For the
HACRP, because it was announced in the latter part of 2013
(August),””! the following year, 2014, is used as its starting
point.

3. RESULTS

3.1 Descriptive statistics by policy period
From an initial sample of 159 general acute-care hospitals
subject to both VBP programs, twenty-two hospitals were
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removed because of missing variables or lack of patient dis-
charges at risk of any of the three patient safety events. Hos-
pitals excluded from the sample are smaller on average, in
terms of revenues, beds, and inpatient volume, but otherwise
do not differ meaningfully from the included hospitals (see
Appendix A2). The final sample consisted of a balanced
panel of 137 hospitals (N = 1,781). All analyses were con-
ducted using Stata 19.5 software.[>?!

Table 1 presents descriptive statistics of the three PSI out-
comes and nursing-based investments in each of the three

policy periods of this study: baseline (or the pre-VBP period),
HVBP (the years after announcement of the HVBP program),
and HACRP (the years after announcement of the HACRP).
The last two sets of columns present difference in means
between consecutive periods. To achieve sufficient statistical
power, PSI rates #7 (CLABSI) and #8 (patient falls with
hip fracture) are measured for every 1,000 inpatients, while
the rate for PSI #4 (FTR), because it represents five post-
surgical conditions (pneumonia, pulmonary embolism/deep
vein thrombosis, sepsis, shock/cardiac arrest, and gastroin-
testinal hemorrhage/acute ulcer) is left unadjusted.

Table 1. Descriptive statistics and test of differences for PSI rates and nursing-based investments, by policy period

Baseline Post-HVBP Post-HACRP Differences
(2007-2010) (2011-2013) (2014-2019)
%A %A
Definition Mean SD Mean SD Mean SD (Baseline (HVBP to
to HVBP) HACRP)

PSI Rates (Outcomes):
PSI #7 Rate Rate of CLABSI per 0.798 0.836  0.373  0.425 0.152 0.205 —53.3% .000 -59.3% .000
(CLABSI) 1,000 inpatients
PSI #8 Rate Rate of in-hospital fall 0.115 0.158  0.085  0.130 0.081 0.123 —26.4% .002 —4.0% .658
(Patient Falls) with hip fracture (Falls)

per 1,000 inpatients
PSI #4 Rate Rate of death among 0.120 0.058 0.121 0.057 0.127 0.063 1.2% .710 4.5% .136
(FTR) surgical inpatients (FTR)
Nursing-based Investments:
Nursing Total non-wage $722 $1,177 $828  $1,873 $1,337 $3,173 14.7% .283 61.5% .003
Administration expenditure on
Expenditure administration of
(Education) hospital’s nursing staff,

including continuing

education programs

(000s of 2019 dollars)
FTE Number of FTE 2.84 131 3.03 1.39 3.17 151 6.7% .030 4.4% .130
Non-Physician non-physician
Per-Patient medical-surgical
Staffing personnel per 1,000
(Staffing) inpatient days

Note. HVBP = Hospital Value-Based Purchasing; HACRP = Hospital-Acquired Condition Reduction Program; CLABSI = Central line-associated bloodstream infection; FTR = Failure to

rescue; FTE = Full-time equivalent

Among these three rates (outcomes), PSI #7 (CLABSI) ex-
periences the most consistent and dramatic reduction over
the three policy periods. Between the baseline and HVBP
period, the mean rate of PSI #7 falls by 53.3%, from 0.798 to
0.373 per 1,000 inpatients (p = .000), and by 59.3% between
the HVBP and HACRP periods, from 0.373 to 0.152 per
1,000 inpatients (p = .000). As mentioned, PSI #7 is directly
targeted in both the HVBP and HACRP programs.

In contrast, PSI #8 (patient falls) is only indirectly targeted,
through the composite measure, PSI-90. That may partly ex-
plain why it falls by only 26.4% between baseline and HVBP,
from 0.115 to 0.085 per 1,000 inpatients (p = .002), and by
another 4% (insignificantly) between HVBP and HACRP.

54

It should be noted that PSI #8 has minimal room for im-
provement with the lowest baseline rate among the three PSI
outcomes. On the other hand, PSI #4 (FTR), because it is
unadjusted, has the highest rate. Nonetheless, there is no
statistically significant change in this non-targeted outcome
across the three policy periods.

For the two measures of nursing-based investments, non-
wage nursing administration expenditure (converted to 2019
dollars), which includes expenditure on staff education and
training, increases by only 14.7% (insignificantly) between
baseline and HVBP, but leaps by 61.5% (p = .003) be-
tween the HVBP and HACRP. The other measure, FTE non-
physician medical personnel per 1,000 inpatient days (i.e.,

ISSN 1927-6990 E-ISSN 1927-7008



https://jhaweb.org

Journal of Hospital Administration

2026, Vol. 15, No. 2

staffing), rises more modestly and steadily, increasing by
6.7% (p = .030) between baseline and HVBP, and by 4.4%
(insignificantly) between HVBP and HACRP.

3.2 Key regression results

Table 2 presents key results of the modified interrupted time-
series (ITS) regressions for the three PSI outcomes. For
each outcome, there are three sets of results. The first set is
the “announcement” (Main) model presented in Section 2.1,
which reflects hospitals responding to each program at the
point it was announced. These results are presented in panels
Al, B, and C of Table 2. The second set of results, presented
in panels A2 and D, is for the “implementation” (Implement)
model, which assumes hospitals responded as each program
was implemented (that is, when CMS began levying financial
penalties or rewards). The third set of results (panels Al, B,
and C) is for an alternative to the main model that controls
for nonlinear trends in the baseline period (note: baseline
trends are not presented in the table). All coefficients are
interpreted as percentage changes in PSI rates (see footnote
b. of Table 2).

For the main model, Panel A1 shows that, in the baseline pe-

riod, a standard deviation increase in expenditure on nursing-
staff education (education) is associated with a 4% (0.042)
increase in the rate of PSI #7 (CLABSI). However, this effect
is reversed in the post-announcement period of HVBP (Panel
B), where the rate of CLABSI decreases by 6.3% (—0.063)
as education increases. Panel B also shows a statistically
significant 16% decrease in trend for CLABSI (-0.162) as
well as a 4% (—0.043) decrease that is associated with nurse
staffing (staffing). These latter two effects change sign, how-
ever, in the post-announcement period of HACRP (Panel C),
where there is an attenuating effect on trend (0.116) as well
as a reversal of the effect of staffing from the previous period
(0.070). For PSI #8 (patient falls), there is a statistically
significant 2% (—0.017) decrease in trend in the post-HVBP
period (Panel B) that attenuates in the post-HACRP period
(Panel C: 0.010). Increases in education and staffing are also
associated with approximately 1% increases in patient falls in
the post-HACRP period (Panel C: Education: 0.013; Staffing:
0.009). For the non-targeted outcome, PSI #4 (FTR), there
are small (approximately 0.5%) offsetting effects associated
with education between the baseline and post-HVBP periods
(Panel A1: —0.005; Panel B: 0.006), as well as a small de-
crease in trend in the post-HACRP period (Panel C: —0.006).

Table 2. Key results for main and alternative specifications of the modified ITS model for targeted (#7 and #8) and

non-targeted (#4) PSI (2007-2019)

Outcome PSI #7 (CLABSI) PSI #8 (Patient Falls) PSI #4 (FTR)

Specification Main Implement  Nonlinear Main Implement Nonlinear  Main Implement ~ Nonlinear
Main Main Main

Modified Modified Modified Modified  Modified Modified Modified Modified Modified
Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff.

Panel A. Baseline

Al. Pre-Announcement of HVBP (2007-2010)

Education .042" N/A .045" —.006 N/A —.006 -.005" N/A -.005

Staffing .021 N/A .012 .002 N/A .0001 —-.003 N/A -.002

A2. Pre-Implementation of HVBP and HACRP (2007-2014)

Education N/A .0004 N/A N/A -.008™ N/A N/A —-.002 N/A

Staffing N/A .018 N/A N/A .002 N/A N/A —.004 N/A

Panel B. Post-Announcement of HVBP (2011-2013)

Post-HVBP Trend -.162™ N/A -.136™ -.017" N/A -.009™ —.0003 N/A —.0008

Education x HYBP Dummy —-.063" N/A —.068" —-.002 N/A —-.0015 .006* N/A .005

Staffing x HVBP Dummy —.043™ N/A —.045™ —.006 N/A —.004 —.002 N/A —.003

Panel C. Post-Announcement of HACRP (2014-2019)

Post-HACRP Trend 116™ N/A 1197 .010" N/A .009" —-.006" N/A —.005

Education x HACRP Dummy -.005 N/A -.006 .013™ N/A 012" .003 N/A .003

Staffing x HACRP Dummy .070™ N/A .075™ .009™ N/A .008" .002 N/A .003

Panel D. Post-Implementation of HVBP and HACRP (2015-2019)

Post-Implementation Trend N/A .039™ N/A N/A .001 N/A N/A -.006™ N/A

Education x Implement Dummy N/A -.014 N/A N/A .010™ N/A N/A .003 N/A

Staffing x Implement Dummy N/A .024" N/A N/A .001 N/A N/A .002 N/A

Within R2 .367 .315 439 .033 .029 .039 .019 .019 .020

Note. *p < .05, *p < .1. Standard errors are clustered at the hospital level and robust to heteroscedasticity and autocorrelation. 137 hospitals (n = 1,781), with regressions also controlling for hospital-level
fixed effects (not shown). To correct for skewness in the dependent variables (PSI rates), each is normalized to a minimum value of one (rather than zero) and converted to its natural log form. Thus, for
continuous variables, the modified coefficient represents the percentage change in the mean PSI rate for a standard-deviation increase in the covariate: Modified Coeff. = B* (Std. dev. of covariate). For
trend variables, the coefficient represents the average annual percentage change in the mean PSI rate (i.e., the unmodified B). Year dummy variables are used to account for nonlinear trends in the baseline
period, omitting the peak year for each outcome. Thus, for PSI #7, 2008 is omitted; for PSI #8, 2009 is omitted, and for PSI #4, 2007 is omitted (year dummy variables not shown)
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For the implementation (Implement) model, presented in
panels A2 and D, there is only one post-policy period since
the HVBP and HACRP programs were implemented at the
same time in October of 2014.131:331 For PSI #7 (CLABSI),
there is a statistically significant increase in trend (0.039), as
well as an increase associated with staffing (0.024), following
implementation (Panel D). For PSI #8 (patient falls), there
are offsetting effects associated with education between the
baseline and post-implementation periods (Panel A2: —0.008;

Panel D: 0.010), and for PSI #4 (FTR), a statistically signifi-

cant decrease in trend following implementation (Panel D:
—0.006).

Interestingly, this latter effect, for the non-targeted outcome,
is the only one with a negative sign on the coefficient. In
general, the “implementation” specification of the model
produces results that are consistent with the attenuation (that
is, positive) effects obtained in the post-HACRP period of
the main (announcement) model—which might be expected

ry
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since the post-implementation and post-HACRP periods al-
most perfectly overlap. Nonetheless, the implementation
model does not produce results consistent with the hypothe-
sis of a negative (i.e., beneficial) effect of the VBP programs
on trends, particularly for the targeted outcomes.

As shown in Figure 1, which presents the fitted values from
the three regressions relative to the observed (actual) 95%
confidence intervals for each of the PSI rates (in natural
logs), there is a generally good fit of the regressions with
the observed rates in each of the post-policy (i.e., after 2010
and 2013) periods. However, in the baseline period for both
targeted outcomes (PSI #7 and PSI #8), the continuous up-
ward movement of the fitted values masks a sharp upward

spike in each before announcement of the HVBP program
in 2011. Therefore, an alternative specification of the main
model was estimated that allows for nonlinear trends in the
baseline period. The results of this regression are presented
in the third column for each outcome in Table 2.
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In comparing coefficients and statistical significance in the
first and third columns for each outcome (panels A1, B, and
C), there are no substantive differences for the two targeted
outcomes (PSIs #7 and #8) except for moderately smaller co-
efficients on trend in the post-HVBP period (Panel B: PSI #7:
—0.136 vs. —0.162; PSI #8: —0.009 vs. —0.017). In contrast,
there are no statistically significant coefficients in the non-
linear model for the non-targeted outcome, PSI #4. Because
the nonlinear model represents a better fit of the data, it is
applied in the analyses presented in the next two sections
and there is no further consideration of the non-targeted out-
come, PSI #4 (see Appendix A3 for complete results of the
nonlinear model).

3.3 Sensitivity to omitted variables

As mentioned, coefficients for the quality investments may
be subject to bias due to non-random selection or omitted
variables. Recent work by Oster, and by Diegert, Masten
and Poirier (DMP), have extended the theoretical literature
on the robustness of regression coefficients in the face of
omitted variables.!**3 Following Oster’s work, the present
study calculated the coefficient of proportionality, or “delta,”
a measure of non-random selection on unobservable relative
to observable control variables. Under a generally recom-
mended theoretical assumption of R? for the fully-specified

Table 3. Omitted-variables sensitivity tests®

model (that is, 1.3 x R? for the partially-specified model
with only observable controls), obtaining a critical value of
one (1) or greater is sufficient to consider the covariate’s
coefficient insensitive to omitted variables.** Following
DMP, the present study calculated a similar, but alternative,
parameter of relative non-random selection, “rxbar” (other-
wise known as the “breakdown point”), comparing it to a
series of calibration parameters obtained from “first stage”
regressions of each quality investment covariate (including
baseline and both sets of VBP interaction covariates) against
all other observable covariates. More calibration parameters
falling below the breakdown point—the value required to
overturn the baseline effect of the coefficient—indicates less
sensitivity to omitted variables.®>! In this case, the break-
down point was compared to calibration parameters obtained
for the 13 control variables used to proxy for the four unob-
served hospital domains (organizational type, organizational
structure, leadership, and market conditions).

The results of these analyses are presented in Table 3, with
the first column showing the estimated values of delta, from
Oster (2019), for each of the statistically significant quality-
investment coefficients in regressions for PSI #7 and #8. All
values are well above the key threshold of one (1), indicating
insensitivity to omitted variables.

Oster (2019)

DMP (2026)

Coefficient of Proportionality

Key Covariate (K
i (k) (“Delta” (|8z]))° (Rmax = 1.3 xR?)

pk < rxbar (# of the 13

Breakdown Point (“rxbar”)¢
calibrations (pk) less than

(allowing for endogenous controls) X
breakdown point)

PSI #7 (CLABSI)

Education 8.8
Education xHVBP Dummy 9.2
Staffing xHVBP Dummy 34
Staffing xHACRP Dummy 4.0
PSI #8 (Patient Falls)

Education xHACRP Dummy 8.6
Staffing xHACRP Dummy 14.3

0.284 11
0.275 11
0.331 9
0.704 12
0.149 9
0.266 8

Note. ?Tests executed using Stata command, Regsensitivity. "“Delta” [5z|: Minimum (absolute) value of the ratio of the covariance of the covariate with the unobservable
controls to the covariance of the covariate with the observable controls (a measure of selection on the unobservable relative to the observable controls) required to produce no
effect (i.e., a zero-value coefficient) for the key covariate. See Oster (2019). ““rxbar” (Breakdown Point): The amount of selection on unobservables relative to observables
required to overturn the baseline effect of the key covariate (i.e., required to produce a zero-value coefficient for the covariate). See Diegert, Masten, and Poirier (2026)

From DMP (2026), the second column of Table 3 shows the
estimated value of the breakdown point (“rxbar”) for each
statistically significant quality-investment covariate, with the
third column indicating the number of calibration parameters
falling below that value (see Appendix A4 for the calibra-
tion estimates obtained from first stage regressions of each
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quality-investment covariate). In each case, a good majority
(> 8) fall below the breakdown point, a further indication of
insensitivity to omitted variables.

In addition, based on recent work by Masten and Poirier,
Oster’s delta was evaluated for a sign change in the covari-
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ate’s coefficient (as opposed to no effect). In this test, delta
has an upper bound of one (1) for robustness against a sign
change,[54] which was obtained for four of the six covariates.
In the regression for PSI #7, values of 0.93 and 0.94 were
obtained for baseline and post-HVBP education, respectively
(not shown). Thus, while the remaining four covariates are
deemed robust against statistical insignificance and a sign
change in the face of omitted variables, the latter two are
deemed robust against only statistical insignificance.

3.4 Evidence of confounding factors

This section investigates the potential influence of three con-
founding factors on the main results: surveillance bias, the
rapid transition from inpatient to outpatient care during the
period of this study, and a concurrent quality-improvement
initiative: the Florida Hospital Engagement Network (HEN).
As stated earlier, our hypotheses about the quality invest-
ments are ambiguous because of the possibility of “surveil-
lance bias,” that is, more investment in quality may only lead
to more detection (positive coefficients) rather than reduc-
tion (negative coefficients) of hospital-acquired conditions.
Indeed, in the main results, all statistically significant quality-
investment coefficients in the post-HACRP period have posi-
tive signs (see Panel C, Table 2). Two distinguishing features
of the post-HACRP period are high levels of education spend-
ing and low rates of CLABSI (PSI #7) relative to the baseline
period (see Table 1). Therefore, to investigate evidence of
surveillance bias, two sub-samples of hospitals were created,
one with “high” average education spending and the other
with “low” average CLABSI rates, in the baseline period.
“High” was defined as average expenditure of at least $1 mil-
lion (in 2019 dollars) on nursing-staff education, and “low”
as a CLABSI (PSI #7) rate of no more than 0.27 per 1,000
inpatients in the baseline period. These respective figures
fall almost exactly between the mean values between the
post-HVBP and post-HACRP periods of the full sample (see
Table 1). They also provided sufficient observations to run
viable regressions of the nonlinear main model against each
sub-sample. Key results of these regressions are presented
as the first two sets of results in Table 4 (under the header,
“Surveillance Bias”) for PSIs #7 and #8, respectively, where
evidence of potential surveillance bias is supported by posi-
tive coefficients on the investment variables.

For PSI #7 (CLABSI), there is a statistically significant pos-
itive coefficient associated with staffing in the baseline pe-
riod (0.163) of the “High Baseline Ed. Spending” sample
(Panel A), that is only partially offset in the post-HVBP pe-
riod (Panel B: —0.113), with no further effects (from quality
investments) in the post-HACRP period (Panel C). Thus,
overall, there is a positive relationship between staffing and
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CLABSI in hospitals with high levels of expenditure on ed-
ucation. In the “Low Baseline PSI #7 sample, there is a
statistically significant positive coefficient associated with
education in the baseline period (Panel A: 0.231) that is effec-
tively reversed in the post-HACRP period (Panel B: —0.375).
However, the statistically significant positive coefficient asso-
ciated with staffing in the post-HVBP period (Panel B: 0.043)
is not changed in the post-HACRP period, also indicating,
in hospitals with low levels of PSI #7 (CLABSI), a positive
overall relationship between staffing and CLABSI.

For PSI #8 (patient falls), there is a statistically significant
positive coefficient on education (0.007) in the post-HACRP
period (Panel C) of the “High Baseline Ed. Spending” sam-
ple, which is consistent with the corresponding result of the
main model. In the “Low Baseline PSI #7” sample, there
is a statistically significant negative coefficient associated
with staffing in the baseline period (Panel A: —0.039), and a
statistically significant negative coefficient associated with
education in the post-HVBP period (Panel B: —-0.271). These
results suggest no surveillance bias, and indeed, that hos-
pitals with high quality on one measure (e.g., PSI #7) are
likely to make effective investments that improve quality in
a related measure (e.g., PSI #8).

While there is no evidence to support surveillance bias for
PSI #8, it is important to consider the transition from inpa-
tient to outpatient procedures during the time of this study.
In this sample of Florida hospitals, the outpatient rate (mea-
sured by percent of outpatient to total hospital revenue) rose
by 9% between the post-HVBP and post-HACRP period,
and by 18%, on average, between the baseline and post-
HACRP period, consistent with national trends.!>> We hy-
pothesize, therefore, that as hospitals increased outpatient
care, resources for nurse staffing and education shifted from
the inpatient to outpatient setting while at the same time
there was a decrease (holding other things constant) in the
population of post-surgical inpatients at risk of a fall. This
would be consistent with positive coefficients for trends and
the quality-investment measures in the post-HACRP period
of the main model. To assess this hypothesis, the main model
was run against another sub-sample that included only hospi-
tals maintaining no more than the baseline average outpatient
rate (0.37) for the entire study period, effectively removing
hospitals that significantly increased outpatient services at
any point during the study period. Results for each outcome
are presented in the “Outpatient Growth” columns of Table
4.

Results for PSI #7 (CLABSI) are consistent with the main
model. This is not surprising, since CLABSI is associated
with an injection or use of a vascular device (e.g., a catheter)
during a multi-day hospital stay,[® and therefore unlikely to

ISSN 1927-6990 E-ISSN 1927-7008



https://jhaweb.org

Journal of Hospital Administration

2026, Vol. 15, No. 2

occur in an outpatient setting. On the other hand, for PST #8
(patient falls), results in Table 4 are notably different from the
main model. While there is still a statistically significant neg-
ative coefficient on post-HVBP trend (Panel B: —0.019), all
post-HACRP covariates—trend and both quality-investment
measures—become statistically insignificant in the “Outpa-
tient Growth” regression (Panel C), which suggests results in
the main model for PSI #8, in the post-HACRP period, may
be partly driven by the increase in outpatient care.

The last set of results for each outcome in Table 4 assesses the
impact of the HEN. In 2011, CMS initiated the Partnership
for Patients program, which provided funding for the creation
of HENSs, a voluntary group of hospitals that share technical
support and best practices to improve quality (similar to the
Michigan Surgical Quality Collaborative of the Sheetz et al.’
study).’”l Approximately 75 Florida hospitals voluntarily

Table 4. Evidence of confounding factors (2007-2019)

participated in a statewide HEN between 2012 and 2015.5%8]
In order to determine if the HEN program might have driven
some of the main results, hospitals participating in the pro-
gram were excluded from the analytic sample. As shown
in Table 4, For PSI #7, education in the baseline and post-
HVBP period are not statistically significant, in contrast to
the corresponding results of the main regression. For PSI #8,
the coefficient on baseline education is statistically signifi-
cant in the HEN regression, in contrast to being statistically
insignificant in the main regression, and in the post-HACRP
period, staffing goes from statistical significance in the main
regression, to statistical insignificance in the HEN regres-
sion. Thus, while inclusion of the HEN hospitals in the main
model affects the statistical significance of some investment
measures, it does not change the arithmetic signs of their
coefficients, nor does it have any effect on the statistical
significance and direction of post-announcement trends.

Outcome PSI #7 (CLABSI) PSI #8 (Patient Falls)
Confounding Factor Surveillance Bias® Outpatient HEN® Surveillance Bias Outpatient HEN
Growth® Growth
Specification High Low Baseline Baseline Excluding High Low Baseline Excluding
Baseline Ed. PSI #7 Outpatient HEN Baseline Ed. Baseline Outpatient HEN
Spending Rate Hospitals Spending PSI #7 Rate Hospitals
Modified Modified Modified Modified Modified Modified Modified Modified
Coeff.d Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff.
Panel A. Baseline (2007-2010)
Education .007 2317 .095 .025 .0004 .089 —-.001 -.009"
Staffing 163" -.044 .091 .017 .027 -.039" .031 .001
Panel B. Post-Announcement of HVBP (2011-2013)
Post-HVBP Trend -.123™ .002 -.164™ -.139™ -.002 —.005 -.019" -.012"
Education XHVBP -.009 -.375" -.337" -.037 -.009 -.271" -.044 .003
Dummy
Staffing <XHVBP -.113" .043™ -.125" —.049™ -.005 .026 —.009 -.007
Dummy
Panel C. Post-Announcement of HACRP (2014-2019)
Post-HACRP Trend .095™ -.013 153 124™ .002 .010 .022 .014™
Education XHACRP .012 .094 217 -.001 .007" .160 .066 .015™
Dummy
Staffing X HACRP .038 —.036 1217 072" -.008 .011 .014 .009
Dummy
Within R% 0.615 0.163 0.679 0.431 0.166 0.175 0.085 0.042

Note. ™p < .05, "p <.1. 321 hospitals (n = 273) in each sub-sample of hospitals. ®31 hospitals (n = 403). °92 hospitals (n = 1,196). “To correct for skewness in the dependent variables (PSI rates), each is
normalized to a minimum value of one (rather than zero) and converted to its natural log form. Thus, for continuous variables, the modified coefficient represents the percentage change in the mean PSI
rate for a standard-deviation increase in the covariate: Modified Coeff. = § * (Std. dev. of covariate). For trend variables, the coefficient represents the average annual percentage change in the mean PSI

rate (i.e., the unmodified B)
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Overall, the evidence from these four secondary regressions
suggests that, in the main regression, surveillance bias is
a confounding influence on PSI #7 (CLABSI), and the in-
crease in outpatient care is a confounding influence on PSI #8
(patient falls). Nonetheless, consistent throughout the four
secondary regressions, and aligned with the main results,
is a negative (i.e., beneficial) association of PSI outcomes
with trends and investments in the post-HVBP period, and a
positive (i.e., attenuating) association of PSI outcomes with
trends and investments in the post-HACRP period.

4. DISCUSSION

This study ties closely with two previous studies that incorpo-
rated an interrupted time-series design to analyze the effect
of VBP programs on rates of hospital-acquired conditions,
including CLABSL.!%-%1 Unlike both of those studies, which
found no evidence of effects on targeted outcomes, this study
finds evidence of negative (i.e., beneficial) effects on the two
targeted outcomes analyzed (CLABSI and patient falls). Like
Sheetz et al.,l! the present study analyzed state-level hospi-
tal data, setting break (or post-policy) points at the time of
announcement rather than formal implementation. However,
while Sheetz and colleagues looked at only the second of the
two VBP programs, the HACRP, this study assessed both the
HVBP program and the HACRP, finding that it was only the
first program, HVBP, that was associated with statistically
significant and beneficial effects. Hsu et al. did look at both
programs.[®! However, they looked for post-implementation
effects, finding, as found here, a lack of improvement under
that assumption.

While it should not be surprising to discover hospitals were
motivated to make changes as soon as the VBP programs
were announced, it is striking, given their similar aims and
targeted outcomes, so little research (beyond Hsu and col-
leagues) has analyzed the impact of these programs in tan-
dem. Moreover, from review of the literature, more atten-
tion has focused on the quality-improving impact of the
second program, the HACRP,®-2-5°! which this study sug-
gests may have been a redundant and non-effective follow-up
to the HVBP program. Coming less than three years after
announcement of the HVBP program, the HACRP most
likely did little to change what hospitals were already do-
ing to improve quality. If anything, the findings presented
here suggest the HACRP was disruptive to improvement, in
that attenuating effects are observed for trends following its
announcement.

Results for the nursing-based investments are consistent with
these findings. In the main regression results, increases in
education and staffing are associated with 6.8% and 4.5%
decreases, respectively, in rates of CLABSI in the post-
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HVBP period, while in the post-HACRP period, increases
in both forms of investment are associated with increased
rates of CLABSI. As hypothesized, and prior research sup-
ports, intensifying effort to reduce the incidence of this par-
ticular hospital-acquired condition can actually lead to in-
creased detection and more recorded occurrences (“surveil-
lance bias”).['”! Indeed, the secondary analysis conducted
here suggests surveillance bias for CLABSI is associated
with increased staffing in hospitals that are either already
investing heavily in education or achieving high levels of
quality (i.e., low rates of PSI #7). It is important to note that
in their respective studies, Hsu et al. found increased rates
of CLABSI in the post-implementation period of the VBP
programs (HVBP and HACRP implemented together), while
Sheetz et al. found targeted outcomes (including CLABSI)
falling at lower rates than non-targeted outcomes in the post-
announcement period of HACRP.[%®! Neither study exam-
ined investment in quality nor the impact of surveillance bias.
There is need to better understand—and account for—this
potential distortion of quality reporting.

It is also important to point out that not all prior research has
found the HACRP to be ineffective. Arntson et al., for in-
stance, found a statistically significant decrease in the number
(i.e., count) of PSI per discharge following the announcement
of the HACRP.PY Their study is not directly comparable to
the present study because it involved a wider range of out-
comes and was conducted at the patient (discharge) rather
than institutional level. In any case, it is also important to
make the distinction between the quality improvement im-
pact of the HACRP (and the HVBP, for that matter) and
the incentives it creates to invest in quality. Wood et al.,
for instance, found that between 2013 and 2020, 98% of
hospitals in the worst-performing, penalized group (below
the 25th percentile) in the early year of the HACRP (2013)
had reduced rates of hospital-acquired infections in the later
year (2020), compared to only 38.8 of hospitals in the non-
penalized group.[®”) While only indirect evidence of the
program’s incentivizing impact, it is consistent with the gen-
eral positive trends in education and staffing observed for the
hospitals covered over the same time period in this study.

Limitations

This study has several limitations. First, the measures of
hospital-acquired conditions, a subset of the AHRQ’s PSIs,
come from administrative hospital data that tend to under-
report the true incidence of these adverse events.%-%!! Thus,
findings may understate the effect of the VBP programs and
quality investments. Similarly, the measures of quality in-
vestment are based on standardized, and broad, measures
from the data source (AHCA) and therefore include nursing
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activities unrelated to how they are conceptually defined as
drivers of quality and safety. Consequently, estimated coef-
ficients for these measures represent lower bound estimates
due to imprecise measurement and corresponding attenuation
bias. In addition, while effort was made to account for the
most significant confounders that could distort the results,
we cannot claim it was exhaustive and therefore cannot at-
tribute causality to the VBP programs. Finally, this study is
based on a sample of hospitals from a single state, so may
not generalize to all U.S. hospitals, nor to other measures or
types of hospital quality.

5. CONCLUSIONS

Addressing gaps in previous research, this study provides
new insight on the impact of the CMS value-based pur-
chasing (VBP) initiative for hospital-acquired conditions,
introduced in 2011 and represented by the separate HVBP
and HACRP programs. Employing a modified interrupted
time-series empirical model and measuring the “announce-
ment’ effect of each program against a select set of nurse-
sensitive patient safety outcomes, including a directly tar-
geted (CLABSI), indirectly targeted (patient falls), and non-
targeted (FTR) outcome, this study finds evidence the VBP
initiative was associated with improvement among Florida
general hospitals in the first few years of its existence. Specif-
ically, the study finds beneficial changes in trends, but with
only the first-announced program, the HVBP, with similar
evidence from increased investments in quality. These find-
ings present, therefore, two policy implications for the VBP
programs going forward.

First, while there have been calls for CMS to change the
structure of the financial penalties of these programs to bet-
ter incentivize quality improvement,*%%-63 the findings
presented here suggest an additional, if not alternative, rec-
ommendation: consolidation. Concerns about the overlap
and interaction of these two VBP programs were first raised
at inception.[S] Over a decade later, there is now evidence
that may support these concerns, including the necessity of
two programs that largely duplicate one another and may,
together, be less than the sum of their parts. CMS has al-
ready taken steps to minimize duplication. As of 2019, the
HVBP program does not include the composite PSI-90 (for
which PSI #8 is a component), although it is still retained in
the HACRP.1*!33] While CMS should continue eliminating
duplication, which tends to penalize (or reward) hospitals
multiple times for the same performance results, consoli-
dating the programs might be a more effective and efficient
solution.

Second, CMS should consider separately recognizing invest-
ment in quality. This study uniquely assesses the impact of
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the VBP programs on nursing-based investments in educa-
tion and staffing, and while it finds evidence indicating the
HVBP program (2011-2013) incentivized investment that led
to reduced patient safety rates, that improvement may have
created a situation—post-HACRP (2014-2019)—in which
further investment only increased detection of outcomes that
were already at, or near, maximum reduction. To better align
hospital incentives with the goals of the VBP programs, CMS
might want to consider developing validated measures of
quality investment that would facilitate rewarding hospitals
for maintaining high levels of quality.
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