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Objective. To examine the effect of mandated state health care–associated infection
(HAI) reporting laws on central line–associated bloodstream infection (CLABSI) rates
in adult intensive care units (ICUs).
Data Sources. We analyzed 2006–2012 adult ICU CLABSI and hospital annual sur-
vey data from the National Healthcare Safety Network. The final analytic sample
included 244 hospitals, 947 hospital years, 475 ICUs, 1,902 ICU years, and 16,996
ICUmonths.
Study Design. We used a quasi-experimental study design to identify the effect of
state mandatory reporting laws. Several secondary models were conducted to explore
potential explanations for the plausible effects of HAI laws.
Principal Findings. Controlling for the overall time trend, ICUs in states with laws
had lower CLABSI rates beginning approximately 6 months prior to the law’s effec-
tive date (incidence rate ratio = 0.66; p < .001); this effect persisted for more than 6 1/2
years after the law’s effective date. These findings were robust in secondary models and
are likely to be attributed to changes in central line usage and/or resources dedicated to
infection control.
Conclusions. Our results provide valuable evidence that state reporting requirements
for HAIs improved care. Additional studies are needed to further explore why and
howmandatory HAI reporting laws decreased CLABSI rates.
Key Words. Public reporting, quality, health care-associated infections, hospitals,
CLABSI

Despite ongoing advances in medical technology and health care, health
care–associated infections (HAI) continue to represent common adverse
events for hospitalized patients; at any given time, an estimated 1 in 20

©Health Research and Educational Trust
DOI: 10.1111/1475-6773.12530
RESEARCHARTICLE

1

Health Services Research



hospitalized patients has an HAI, leading to significant morbidity, mortality,
and cost (Klevens et al. 2007; Scott 2009). In the landmark publication “To
Err Is Human” (Institute of Medicine 2000), authors argued for external pres-
sures to incentivize health care organizations and providers to take action to
improve safety. Recently, many states have enacted HAI reporting laws to
improve safety and quality of care (Reagan and Hacker 2012; Herzig et al.
2015). Key reporting requirements in the HAI laws vary across states, includ-
ing (1) mandatory data submission either to a state agency or the National
Healthcare Safety Network (NHSN), (2) public reporting, and (3) public dis-
closure of facility identifiers (Reagan and Hacker 2012). Moreover, federal
regulations have ensued, including nonpayment by the Centers for Medicare
and Medicaid Services (CMS) for certain HAIs (Centers for Medicare and
Medicaid Services 2015a), and the inclusion of HAI rates in the Value Based
Purchasing program of the Affordable Care Act in 2010 (Centers for Medicare
andMedicaid Services 2014).

During the last decade, using data from the NHSN of the Centers for
Disease Control and Prevention (CDC), researchers have found that rates of
HAIs such as central line–associated bloodstream infections (CLABSIs) have
decreased substantially (Centers for Disease Control and Prevention 2014).
Whether this decrease was driven by federal incentives, other national trends
and/or state reporting requirements remains unclear (Lee et al. 2012; Kawai
et al. 2015).

A number of researchers have attempted to evaluate the impact of state
reporting of CLABSIs with mixed results (Kim and Black 2011; Stone et al.
2011; Pakyz and Edmond 2013; Marsteller, Hsu, and Weeks 2014; Flett et al.
2015; Rinke et al. 2015). Pakyz et al. used 2011 data from 159 academic hospi-
tals and did not detect an effect of state mandatory reporting on CLABSI
rates, but their analysis was cross-sectional and the sample was small (Pakyz
and Edmond 2013). Kim and Black (2011) found that after reporting started in
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2004, CLABSI rates based on inpatient discharge data in Pennsylvania
declined 14 percent compared with 9 percent in control states during 2004–
2008. Stone et al. (2011) conducted surveys of hospitals in California during a
1.5-year period, before and after mandatory public reporting, and found a sig-
nificant reduction in CLABSI rates. Among hospitals participating in a
national patient safety collaborative implemented in 2009–2011, those located
in states with public reporting laws had a larger decline in CLABSI rates dur-
ing only the first 6 months of the collaborative (Marsteller, Hsu, and Weeks
2014). Leveraging the 2000–2009 Kids’ Inpatient Database, Rinke et al.
(2015) examined changes in pediatric CLABSI rates by comparing
never-reporting states to those with reporting starting in 2006 or starting in
2009; the results showed that never-reporting states had comparable or even
larger rate declines. And, in a recent study, researchers found that mandatory
public reporting of CLABSIs was not associated with the utilization of blood
culture or antibiotics among pediatric and neonatal ICUs at 17 children’s hos-
pitals (Flett et al. 2015).

To further inform policy makers, we examined the relationship between
state HAI reporting laws and CLABSI rates over a 6 1/2-year time period
using a large, national sample of hospitals and ICUs reporting infection data
to the NHSN between 2006 and 2012. The NHSN CLABSI definition is a
laboratory-confirmed bloodstream infection in a patient who had a central line
within 48 hours prior to the development of the infection and that is not
related to an infection at another site. We chose the NHSNCLABSI definition
(as opposed to other metrics, such as administrative coding) because of the
long-established application and acceptance among infection prevention and
health care epidemiology experts (Talbot et al. 2013). We aimed to assess the
incremental effect of state mandatory reporting laws above and beyond the
impact of federally mandated laws by utilizing longitudinal data for states that
passed state-specific HAI reporting laws and those that did not.

Conceptual Framework

In theory, public reporting of provider performance is expected to drive
improvement in the quality of care, and prior studies have found several cau-
sal pathways between quality reporting and quality improvement. As pro-
posed by Berwick, James, and Coye (2003), the first pathway is through
consumer or purchaser selection that would drive market share and therefore
weed out low performers (the selection pathway). The second pathway is
through the change of providers when informed of their quality deficits (the

Impact of Mandatory Reporting Laws 3



change pathway). A third causal pathway, proposed by Hibbard, Stockard,
and Tusler (2003), is that providers are driven to improve their performance
because they are concerned about their reputation once the quality informa-
tion is made public (the reputation pathway). The authors showed that public
reporting through the reputation pathway generated a significantly larger
improvement in provider performance than private confidential reporting
through the change pathway.

Prior empirical studies provide some support for the impacts of public
reporting on provider performance. For example, public reporting of cesarean
section rates was associated with changes in hospital practice patterns (Caron
andNeuhauser 1999; Jang et al. 2011). Smith et al. (2012) found that providers’
adoption of diabetes management improvement interventions was associated
with public reporting of diabetes care performance. A recent systematic review
suggests that public reporting is associated with small declines in inpatient mor-
tality and improvements as measured by Consumer Assessment of Healthcare
Providers and Systems, and Healthcare Effectiveness Data and Information Set
(Totten et al. 2012). Nonetheless, some studies fail to find impacts of public
reporting (Ryan, Nallamothu, andDimick 2012). The effects of public reporting
as demonstrated in the prior literature, however, are mostly attributed to the
change and reputation pathways, with little or no effect through the selection
pathway (Contandriopoulos, Champagne, andDenis 2014).

The implication of the public reporting literature is that we would expect
state mandatory HAI reporting laws to impact hospital CLABSI rates mainly
through the change and reputation pathways. Hospitals may change their
practices and improve performance at several stages. In anticipation of the
submission and reporting of infection data, and because of potential penalties
associated with high infection rates such as damages to reputation and/or busi-
ness, some hospitals may start to change their practice prior to the enactment
of a reporting law (e.g., during the phase of public debate). For instance, prior
to mandatory public reporting of infection rates in California, over 70 percent
of hospitals had fully implemented evidence-based guidelines; rural hospitals
were less likely to adopt guidelines (Halpin et al. 2011). A second wave of
adopting practice changes may occur after public reporting implementation
when hospitals realize that their rates are higher than their peers, as suggested
by increased adoption of proven interventions to reduce CLABSI rates by
hospitals in states with mandatory reporting requirements in comparison to
those in nonreporting states (Marsteller, Hsu, andWeeks 2014).

Another implication of the literature is that the impact through the
change pathway (private reporting) is different from that through the
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reputation pathway (public reporting), which suggests that the format of pub-
lic reporting matters. Therefore, an HAI reporting law mandating the disclo-
sure of provider names is expected to generate a differential impact on
provider performance.

If a hospital changed its clinical practices, we would expect to observe
such changes along several dimensions. One is to apply stricter criteria for
central line use to reduce unnecessary use and avoid infections. Clinicians
may also improve insertion and maintenance practices, such as site selection,
hand hygiene, and antiseptic skin preparation. Additionally, hospitals may
allocate more resources for infection control and surveillance activities at the
hospital level such as hiring more infection control specialists. Provider
responses, however, do not necessarily lead to actual changes in CLABSI
rates but rather changes in reporting. On the one hand, public reporting may
lead to discovering more CLABSI cases that would not have been found in
the absence of the reporting, which was suggested in other clinical areas
(Pierce et al. 2008). On the other hand, under the public reporting pressure,
hospitals may change the reporting criteria or CLABSI definition and thus
“game” the system to enhance performance reports. For example, for poten-
tially reportable CLABSI cases, hospitals may use antibiotics without order-
ing a blood culture and therefore avoid diagnosing such cases.

In light of the theory of public reporting and prior empirical literature,
our study aimed to investigate whether the pre-law debate is associated with
changes in CLABSI rates, whether the implementation of state mandatory
HAI reporting laws is associated with CLABSI rates, whether public reporting
with disclosure of facility identifiers matters, and whether hospitals actually
changed their practices.

METHODS

We used a quasi-experimental design to identify the effects of state HAI
reporting laws on CLABSI rates in adult ICUs. Specifically, for states that
implemented a reporting law prior to the end of the study period, we used data
reported both before and after the laws became effective to measure changes
in CLABSI rates within the same ICUs and to compare such changes in ICUs
in reporting states to changes in ICUs in nonreporting states. We excluded all
data from ICUs that did not voluntarily report prior to the law since those
ICUs could not contribute to estimates of changes in CLABSI rates pre–post
the law. Such an approach effectively removes the underlying secular trend in
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CLABSI rates, which is identified by ICUs in nonreporting states. In addition,
the large variation in the timing of the law effective dates across states
(Figure 1) substantially strengthens the identification of the laws’ effects sepa-
rately from calendar time effects.

Data Sources

We analyzed 2006–2012 adult ICU CLABSI and hospital annual survey data
from NHSN hospitals (Centers for Disease Control and Prevention 2015). A
detailed description of enrollment and characterization of the hospitals has
been previously described; briefly, all non-VA acute care hospitals enrolled in
NHSN were eligible to participate (Stone et al. 2014). As per NHSN policies,
each ICU contributed monthly CLABSI data but the number of observation
months per ICU varied. Based on hospital administration preferences and/or
state laws, ICUs may report every month or only for some a priori identified
months. Also, some ICUs contributed data to NHSN only after their state
implemented a reporting law; we excluded these ICUs since they did not have

Figure 1: Variation in the Timing of Law Effective Dates across Reporting
States
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data prior to the law. ICUs in Arkansas and New Mexico were also excluded
because they were the only two states that had mixed voluntary/mandatory
reporting schemes, and the associated sample size was small (9 ICUs and 23
ICU years). Characteristics of the hospitals came from the NHSN hospital
annual survey. Data on state HAI reporting legislation, as of December 2012,
were collected using multiple public sources and verified with HAI coordina-
tors in each state’s department of health (Reagan andHacker 2012; HAI Focus
2013; Herzig et al. 2015).

Outcomes

Monthly CLABSI events weighted by patient days was the main outcome so
that the potential effect of reducing central line usage could be captured;
CLABSI rates were measured as the number of events per 1,000 patient days.
CLABSI rates weighted by central line days and time spent by infection pre-
ventionists on infection surveillance and control activities were secondary out-
comes. Infection preventionist time was measured as the reported number of
hours per 100 hospital beds per week. All measures were defined as reported
to the NHSN (Centers for Disease Control and Prevention 2013).

Statistical Analysis

Our statistical model was a variant of a typical difference-in-differences model
that includes a treatment indicator, a treatment timing indicator (e.g., pre vs.
post), and an interaction between the two indicators to capture the treatment
effect. In our model, we specified ICU fixed effects, to control for time-invar-
iant ICU-level characteristics, and a set of quarterly indicators to capture the
secular trend in the outcome. Because there is substantial variation in the tim-
ing of the law effective dates across states, we created a set of indicators to
reflect the time since the reporting law became effective in each ICU’s state,
which served as interaction terms between the timing of the law and being in a
reporting state. Compared to a typical difference-in-differences model, our
model allowed us to identify secular trends and time profiles of the mandate
effects more robustly due to the variation in the timing of the law effective
dates.

We modeled the monthly CLABSI event counts at the ICU level, speci-
fying the model as follows. Let Yit denote the outcome for ICU i at month t
and assume that Yit has a Poisson distribution based on a goodness-of-fit test
with mean lit, where
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logðlit Þ ¼ ai þ bqðtÞ þ c logðDit Þ þ dLi ;sðtÞ

In the above equation, ai is a fixed effect for ICU i, and bq(t) is a fixed
effect for calendar time, which was implemented as quarterly indicators. Dit is
the number of patient days for ICU i and month t, the exposure variable in the
Poisson regression model. Li,s(t) represents a series of indicators for the report-
ing laws, which are specified as the time since the law became effective in the
ICU’s state. Because the effective dates varied across states, we defined the
indicators relative to each state’s effective date, and in the final model, we spec-
ified the timing relative to the law effective date (s(t)) as a series of 6-month
indicators. For example, if an ICU were in a reporting state in the 8th month
after the law became effective, the indicator for “Month 6 to Month 11” would
take a value of one, otherwise zero. Note that an indicator for reporting versus
nonreporting state is not needed because we include ICU fixed effects (ai).
The vector d represents the difference-in-differences estimates of the law’s
effect on the outcome in 6-month intervals relative to the law’s effective date,
which are identified separately from the calendar time effects bq(t) because of
variation in effective dates across states.

All facility characteristics (e.g., profit status and type of ICU) except
infection control practices were time invariant and therefore not applicable to
the fixed-effect model. We did not include the infection control practice vari-
ables in the main model because they are likely on the causal pathway
between the laws and CLABSI rates and including them would lead to an
underestimation of the law’s effect. We used sandwich estimator of variance to
account for the correlation between ICUs within the same hospitals and tested
the model specifications using Akaike information criterion (Akaike 1974). A
significance level of 5 percent was used.

Descriptive statistics comparing the average CLABSI rates, ICU, and
hospital characteristics by category using t-tests and v2 tests of ICUs in states
with and without reporting were computed. In addition to our main analysis,
several additional analyses were conducted to check the robustness of the
results and explore potential explanations for the plausible effects of HAI
laws. First, we examined whether the effects were similar between reporting
states with and without mandated public disclosure of facility identifiers. Sec-
ond, we ran a linear regression model with ICU-level fixed effects to see if the
results were similar, where the dependent variable was ICU-month level
CLABSI rate truncated at the 99th percentile and the number of patient days
was used as an analytic weight. Third, we used central line days as the expo-
sure in the Poisson regression model to examine whether central line
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utilization changed our results. Fourth, we analyzed changes in infection con-
trol practices due to law implementation to explore whether laws were associ-
ated with a shift in the time spent on HAI surveillance and other infection
control activities. Finally, to determine whether any effects detected were
related to hospital reporting practices (i.e., gaming), we compared only those
ICU observations in states with laws that also validated CLABSI data by
auditing medical records to states without laws. All analyses were conducted
using Stata, Version 13 (College Station, TX, USA).

FINDINGS

Sample Description

As of December 2012, 32 states had mandatory HAI reporting laws (law effec-
tive dates ranging from January 2004 to October 2011) and 16 states did not
have reporting laws; of those states with laws, CLABSI data were available
before and after the law in 19 reporting states. And 26 reporting states (18 in
the analysis) had validation processes for verifying the completeness, accu-
racy, and/or quality of reported CLABSI data; 12 reporting states (8 in the
analysis) had a validation process for auditing medical records
(Appendix Table A1) (Centers for Disease Control and Prevention 2014).

Of the 750 hospitals that enrolled and provided access to their NHSN
data, 718 (1,464 ICUs) reported CLABSI data during 2006–2012 and pro-
vided NHSN annual survey data. There were no significant differences in
average CLABSI rates between the study hospitals and other NHSN hospi-
tals, although they differed by hospital size, geographic location, number of
admissions, and number of ICU beds (Stone et al. 2014). After excluding
ICUs in the reporting states that did not voluntarily report data prior to the
law, the main analytic sample included 244 hospitals, 947 hospital years, 475
ICUs, 1,902 ICUyears, and 16,996 ICUmonths (Appendix Table A2).

During the study period, there were an average of 36 months of
CLABSI data per ICU, overall, and 9 months of CLABSI data per ICU per
year, with the number of months of data reported higher in ICUs in reporting
states (Table 1). Compared with ICUs in nonreporting states, those in report-
ing states were more likely to be affiliated with an academic medical center,
nonprofit, a medical or a surgical ICU, and had a greater number of patient
days and central line days. On average, over the study period, ICUs with state
reporting in place had more CLABSI events and higher CLABSI rates than
those in nonreporting states.

Impact of Mandatory Reporting Laws 9



Trends in CLABSI Rates

Overall, CLABSI rates decreased from an average of 1.59 infections/1,000
patient days (SD: 1.79) in the first quarter of 2006 to 0.69 (SD: 1.38) in the sec-
ond quarter of 2012. As illustrated in Figure 2, ICUs in reporting states had
higher rates during the study period but the rate of decline was larger (from
1.77 in the first quarter of 2006 to 0.81 in the second quarter of 2012, a 54

Table 1: ICU Characteristics by HAI Reporting Status, 2006–2012

Characteristics No Reporting Reporting Total

Number of ICUyears 794 1,108 1,902
Number of months of data
per ICU per year (mean, SD)†

8.40 (3.91) 9.32 (3.65) 8.94 (3.78)

General hospital
(number of ICUyears, %)

790 (99.50) 1,103 (99.55) 1,893 (99.53)

Affiliated with an academic
medical center (number
of ICUyears, %)†

469 (59.07) 844 (76.17) 1,313 (69.03)

Profit status (number of ICUyears, %)†

Nonprofit 665 (83.75) 1,032 (93.14) 1,697 (89.22)
For-profit 83 (10.45) 34 (3.07) 117 (6.15)
Public 46 (5.79) 42 (3.79) 88 (4.63)

ICU type (number of ICUyears, %)†

Medical 198 (24.94) 309 (27.89) 507 (26.66)
Surgical 186 (23.43) 313 (28.25) 499 (26.24)
Medical/surgical 369 (46.47) 375 (33.84) 744 (39.12)
Burn/trauma 41 (5.16) 111 (10.02) 152 (7.99)

ICU bed size (number of ICUyears, %)
<15 478 (60.20) 685 (61.82) 1,163 (61.15)
≥15 and <30 271 (34.13) 355 (32.04) 626 (32.91)
≥30 45 (5.67) 68 (6.14) 113 (5.94)

Number of patient
days per year (mean, SD)†

2,550.28 (2,152.04) 3,206.97 (2,231.68) 2,932.83 (2,221.95)

Number of central line
days per year (mean, SD)†

1,384.06 (1,306.14) 1,855.36 (1,447.56) 1,658.62 (1,409.23)

Number of CLABSI
events per year (mean, SD)†

1.60 (2.63) 3.27 (4.92) 2.57 (4.20)

CLABSI events per
1,000 line days (mean, SD)†

1.15 (1.23) 1.76 (2.07) 1.55 (1.84)

CLABSI events per
1,000 patient days (mean, SD)†

0.73 (0.82) 1.12 (1.45) 0.98 (1.28)

†Comparison across the two groups, p < .01.
CLABSI, central line–associated bloodstream infection; HAI, health care–associated infection;
ICU, intensive care unit; SD, standard deviation.
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percent reduction) than those in nonreporting states (from 0.93 in the first
quarter of 2006 to 0.55 in the second quarter of 2012, a 41 percent reduction).
When CLABSI rates were measured based on central line days, the patterns
were similar, with the rate declining by 51 percent and 33 percent in reporting
and nonreporting states, respectively (Appendix Figure A1).

Effect of HAI Laws on CLABSI Rates

After controlling for the secular trend and time-invariant facility characteris-
tics, the results demonstrate that HAI reporting laws had a significant and last-
ing effect on decreasing reported CLABSI rates. As displayed in Table 2,
compared to 25 months or more prior to the law effective date, there was a
decreasing trend in CLABSI rates between 6 and 24 months prior to the law,
but this was not significant. However, between 1 and 6 months prior to when

Figure 2: Unadjusted Trends in CLABSI Rates in Two ICU Cohorts

Notes: Central line–associated bloodstream infection (CLABSI) rates were measured as the num-
ber of CLABSI events per 1,000 patient days. The average CLABSI rate in reporting states
declined from 1.77 in the first quarter of 2006 to 0.81 in the second quarter of 2012, a 54 percent
reduction; the average CLABSI rate in nonreporting states decreased from 0.93 in the first quarter
of 2006 to 0.55 in the second quarter of 2012, a 41 percent reduction.
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the laws became effective, CLABSI rates decreased by approximately 34 per-
cent compared with CLABSI rates in the 25 months or more prior to the law
effective date (incidence rate ratio [IRR] = 0.66 [p < .001]). Although the
effect fluctuated over time, it persisted and became larger after 4 years, with
an IRR of 0.34 (p = .009) in the seventh year after the laws became effective.

Secondary and Sensitivity Analyses

By comparing states reporting with and without disclosure of facility identi-
fiers (Appendix Table A3), we found a similar pattern in the law’s impact on
CLABSI rates as in the main analysis but fewer statistically significant coeffi-
cients; a Wald test between the two groups did not reveal any statistically sig-
nificant differences. When using CLABSI rates as the dependent variable and
a linear regression model (Appendix Table A4), the rates started to decline
significantly during the 13–18 months prior the law effective date by 0.63
events per 1,000 patient days, compared to the rate during 25 months or more

Table 2: Effect of HAI Reporting on CLABSI Rates: Poisson Regression
Results

Variables Incidence Rate Ratio Coefficient Standard Error p Value

Month�25 to month�65 prior to the law effective date (reference)
Month�19 to month�24 0.915 �0.089 0.123 .472
Month�13 to month�18 0.825 �0.192 0.117 .099
Month�7 to month�12 0.833 �0.182 0.108 .093
Month�1 to month�6 0.655 �0.422 0.117 .000
Month 0 to month 5 0.693 �0.366 0.127 .004
Month 6 to month 11 0.763 �0.270 0.130 .037
Month 12 to month 17 0.753 �0.283 0.144 .050
Month 18 to month 23 0.572 �0.558 0.163 .001
Month 24 to month 29 0.618 �0.482 0.165 .003
Month 30 to month 35 0.636 �0.453 0.184 .014
Month 36 to month 41 0.854 �0.158 0.207 .445
Month 42 to month 47 0.702 �0.354 0.234 .130
Month 48 to month 53 0.696 �0.363 0.256 .156
Month 54 to month 59 0.583 �0.540 0.300 .072
Month 60 to month 65 0.402 �0.912 0.350 .009
Month 66 to month 77 0.343 �1.071 0.410 .009

Notes. Controlled for quarterly indicators (data not shown). The dependent variable for the ICU-
level fixed-effect Poisson regression model was the number of CLABSI events in each ICU
month; the exposure variable was the number of patient days in each ICU month. Three single-
observation ICUs and 101 ICUs with zero events in all years were excluded. The final sample
included 371 unique ICUs and 15,313 observations.
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prior to the law, and the effect increased to 1.82 in the seventh year after the
law. Using central line days as the exposure in Poisson regression models, we
found similar results but the magnitudes of the effects were smaller
(Appendix Table A5). Compared to 2 or more years prior to the law, the num-
ber of hours spent by infection control professionals per 100 hospital beds per
week increased significantly, starting in 1 year prior to the law, by 2.7 hours
per 100 hospital beds per week (Appendix Table A6); this effect persisted over
time and by the fourth to fifth year after the law, the increase reached
8.4 hours. We found that effects became more marked than those in the main
analysis by limiting to reporting states that also had data validation processes
for auditing medical records and nonreporting states (Appendix Table A7).

DISCUSSION

This is the first study to use longitudinal national data to evaluate the impact of
state mandated HAI reporting laws on CLABSI rates in adult ICUs. ICUs in
states with laws experienced larger declines in CLABSI rates, even after con-
trolling for the overall decreasing trend during the study period. It is not sur-
prising that hospitals seemed to “gear up” for mandatory reporting, with the
effect appearing 6 months prior to the effective date of the law, and effects
were persistent and increased for more than 6 years after the law’s effective
date. Our results suggest that in addition to the direct effect associated with
public reporting of a hospital’s infection rate, in anticipation of future public
reporting, hospitals changed their practice even before the law went into
effect. The reduction in CLABSI rates due to the law was 34 percent by the
time the law was implemented; the reduction increased to 43 percent 2 years
after implementation and to 66 percent 6 1/2 years after implementation. That
is, by 2 years after implementation, over 80 percent of the reduction occurred
before the law became effective; by 6 1/2 years after implementation, about
50 percent of the reduction could be attributed to the pre-law period. There-
fore, the effect associated with hospital practice changes prior to the law is an
important component of the law’s overall effect.

We did not find significant differences in the law’s impact on CLABSI
rates between reporting states with mandatory disclosure of facility identifiers
and those without. This may be because states without the disclosure require-
ment may still report facility identifiers even though the law does not specifi-
cally mandate such (Virginia Department of Health 2011; Reagan and Hacker
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2012; Commonwealth of Massachusetts Department of Public Health 2013;
HAI Focus 2013).

Using line days as the exposure in a secondary analysis decreased the
estimated law’s effect and showed that, in response to the law, hospitals
reduced the use of central lines. Reducing central line utilization may be one
important component of the law’s impact on hospital practices. In addition,
we showed that hospitals significantly increased surveillance activities by
infection control preventionists. There are possibly other hospital behavioral
changes that we did not observe. For example, clinicians may increase guide-
line adherence by improving insertion and maintenance practices such as site
selection and hand hygiene. Surveying 137 hospitals located in 35 states in
2011, Linkin et al. (2013) reported no association between infection control
practices and HAI reporting, possibly due to a cross-sectional study design,
use of subjective perceptions, and potential confounding. Our analyses sug-
gest that hospitals changed their practices in response to the law, but future
studies are warranted.

Self-selection into HAI reporting prior to law implementation may have
led to an underestimation of the law’s effect. For reporting states, we only
included in our analyses ICUs that voluntarily reported data prior to the law,
and it is possible that the hospitals in our sample were better-performing hos-
pitals compared to those that did not report data prior to the law. Kim and
Black (2011) showed that declines in CLABSI rates were most significant in
hospitals with initially higher rates. Since ICUs that voluntarily reported prior
to the laws may have had lower CLABSI rates, they may have had less room
to improve their rates. Similarly, in nonreporting states, nonreporting hospi-
tals likely had higher CLABSI rates initially. However, in the absence of a
reporting law, their rate declines were likely to be smaller than those who
voluntarily reported data.

Due to the concern that hospitals may report CLABSI events inconsis-
tently after the law, we limited our analysis to include only reporting states
with a data validation process for medical record auditing in place and found
similar results as in our primary analysis. Data validation programs may take
different forms. Some states conducted data quality assessment of missing or
implausible values or detection of outlier facilities. The particular validation
activities of interest are those that can capture unreported events. Prior evi-
dence suggests that such a validation process helps to ensure data quality. For
example, when New York State’s (not included in our analysis due to lack of
data prior to the law’s passage in 2005) law initially went into effect, validation
led to a slight increase in reported CLABSI rates; but since then New York has
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seen a progressive decrease in CLABSI, and there is evidence that the data
are valid (Backman, Melchreit, and Rodriguez 2010; Hazamy et al. 2013). As
of 2011, New York’s validation revealed 94 percent concordance with what
hospitals reported (New York State Department of Health 2013). By including
states with an external medical record auditing process, we found a similar or
larger impact of the law, suggesting a law with a medical record auditing pro-
cess may drive the reduction in CLABSI rates more than a law without such a
process.

Additionally, we found improvements in other measures that are more
likely to be reliable, such as reduced central line utilization and increased
resources for infection surveillance. These improvements suggest a true
change in infection prevention practices that make a true decrease in CLABSI
rates due to mandatory reporting plausible. While it is possible that some hos-
pitals were reporting lower CLABSI rates due to gaming/under reporting
after state mandatory reporting laws went into effect, it is unlikely that this
explains our results entirely.

There are limitations to this study. Although we controlled for unob-
served time-invariable ICU characteristics, the potential for selection bias
exists. Also, we were not able to specifically measure the potential effect of the
2008 change in the NHSN CLABSI surveillance definition (See et al. 2013);
however, this change involved all hospitals in our sample and should not
impact our results. Although we excluded ICUs with post-law data only, each
ICU contributed monthly CLABSI data and the number of observation
months per ICU varied. The concern of selective reporting may be mitigated
by the fact that ICUs could either report every month or only for some a priori
identified number of months. Moreover, in exploring the potential responses
of hospitals to the mandates, we did not have data to directly examine whether
selection of insertion sites, choice of catheter type, and central line mainte-
nance practices played a role in the observed CLABSI rate reduction. Finally,
federal policies that affected all states at one time, such as the CMS nonpay-
ment policy for HAIs and the Hospital Inpatient Quality Reporting Program
(Centers for Medicare and Medicaid Services 2013), may have confounded
our results because only hospitals subject to the Inpatient Prospective Pay-
ment System (IPPS) were impacted by these policies and no information on
IPPS status is available in our data. Over 70 percent of ICUs were located in a
nonrural setting and thus were more likely to be part of an IPPS hospital,
thereby mitigating the potential bias.

Robust evidence regarding the effect of mandatory HAI reporting is
increasingly important to policy makers. Under the Affordable Care Act,
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hospital HAI rates based on NHSN data are released via the Hospital Com-
pare website on a regular basis (Centers for Medicare and Medicaid Services
2015b). Moreover, certain HAIs are subject to financial penalties (Lee et al.
2012; Centers for Medicare and Medicaid Services 2015a) or have become
part of the Value Based Purchasing program (Centers for Medicare and Medi-
caid Services 2014). However, until now the evidence to support this public
reporting practice has been, at best, inconclusive (Ketelaar et al. 2011; Black
2012; Ryan, Nallamothu, and Dimick 2012; Totten et al. 2012; Rinke et al.
2015). In this regard, our results provide valuable evidence that reporting
requirements for HAIs did improve care and the effect persisted for more than
6 years after the effective date of the mandate. Further studies are needed to
further explore why and how mandatory HAI reporting laws decreased
CLABSI rates, which may in turn inform how financial incentives should be
designed to improve patient outcomes.
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