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Abstract

Nursing home information technology (NH IT) adoption trends are not measured regularly.
Evidence indicates digital footprints are growing, but gaps about NH IT adoption and quality
impacts remain. We hypothesize as NH IT adoption grows, quality improves. This research
assessed ternary (2014-2017) trends in IT and quality measures using a primary survey of U.S.
NHSs. Survey measures included nine dimensions/domains and total IT sophistication.
Administrators completed 815 Year 1 surveys. Each year mean total IT sophistication scores in
nine dimensions/domains consistently increased. Eighteen significant correlations (r> .13,
absolute value) between IT sophistication and quality measures existed. Regression shows that for
every 10 units increase in administrative activity extent of IT use, a decrease of 1.3% occurs in the
percentage of low-risk long-stay residents with bowel or bladder incontinence. Increases in NH IT
sophistication positively impact quality. Estimating ongoing trends in NH IT sophistication
provides new information that should be consistently available.
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Introduction

Current health information technology (HIT) strategic plans are striving to improve the
health and well-being of individuals and communities by improving the nation’s HIT
infrastructure (Office of the National Coordinator for Health Information Technology
[ONC], 2015). Subsequently, health care’s digital footprint has increased dramatically due to
important legislation incentivizing hospitals and physicians to adopt technology (U.S.
Department of Health & Human Services, 2016). For example, the percentage of nonfederal
acute care hospitals using technology to exchange clinical information with other
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ambulatory providers or hospitals outside their organization increased from 41% to 82%
between 2008 and 2015. Furthermore, patients’ access to electronically view their health
information has increased from 24% to 95% from 2012-2015, respectively (ONC, 2016).
Increasing trends in IT capabilities offer an opportunity for persons in health care settings
outside of ambulatory or hospital environments, for example, nursing homes (NHs), to make
vital electronic connections to partners who care for the same patients transitioning between
settings. However, policies incentivizing IT adoption in health care oftentimes did not
include NHs (Vest et al., 2018). At the same time, HIT adoption trends in NHs were not
measured on a regular basis, creating a knowledge gap about technology adoption and its
impact on quality. The purpose of this article is to address this gap with a report
demonstrating 3-year national trends in NH HIT adoption and quality measures (QMs).

Policy Driving NH IT Implementation

Regulatory provisions have stimulated growth of HIT to facilitate compliance and promote
patient safety for many years. The 1987 Omnibus Budget Reconciliation Act introduced
electronic data collection and sharing of patient data using technology (“U.S. Congress
Omnibus Budget Reconciliation Act of 1987,” 1987). The 1997 Balanced Budget Act
required a Minimum Data Set (MDS) that elevated the importance of electronic patient data
use in payment systems (“Balanced Budget Act of 1997,” 1997). In 2009, the Health
Information Technology for Economic and Clinical Health (HITECH) Act promoted HIT,
including electronic health records (EHRSs) and health information exchange (HIE) as
conduits for enhancing the quality, safety, and efficiency of health care. The HITECH Act
set into motion meaningful use of HIT, which incentivized interoperable EHR adoption as a
national health care goal (“American Reinvestment and Recovery Act,” 2009). More
specifically, HITECH established regional extension centers to support providers adopting
HIT, supported programs for HIE development, created workforce training and education,
and so on (Blumenthal, 2010). In 2012, the Food and Drug Administration Safety and
Innovation Act (FDASIA; 2012) required the FDA to consult with the ONC, and Federal
Communications Commission to recommend a strategy for a regulatory HIT framework that
included mobile medical applications, innovation, and improved patient safety. In 2015, the
Medicare Access and CHIP Reauthorization Act (MACRA) sought to transform the nation’s
health care system through better care, smarter spending, and healthier people by providing
incentives, improving care delivery, and enhancing information sharing with technology
(Centers for Medicare & Medicaid Services [CMS], 2015). The focus of the act was not
particularly on NH HIT; however, the act required use of shared electronic continuity of care
documents by providers when transitioning residents to other providers, which frequently
happens in NH. Finally, the 2016 21st Century Cures Act accelerated medical device
development and innovation in health care. The most pressing problem with these policies is
they did not include or were not specific to NH HIT, beyond Omnibus Budget
Reconciliation Act (OBRA) of 1987 and mandating the MDS assessment, contributing to the
lack of NH IT adoption.
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Significance of NH IT Assessment

NH HIT assessments are becoming increasingly common in the literature to substantiate
claims that HIT improves safety, quality, and productivity (Vest et al., 2018). The growing
technology revolution in aged care is not limited to certain geographical areas. The
revolution is taking place worldwide (Scott-Kruse et al., 2017). Many policy setting
organizations around the globe are beginning to establish future agendas for use of NH
technology (Carretero, 2015). As NH administrators are envisioning the future of their
organizations, they must be proactive and include technology innovation as a resource to
promote better care.

Evidence appears in rigorous systematic reviews incorporating search strategies on NH HIT
implementation. For example, a recent review led to the discovery of 46 separate research
studies since 2004, categorized under four major themes, including barriers/facilitators to IT
adoption, care processes and productivity, staff satisfaction, and quality of care (Ko, Wagner,
& Spetz, 2018). Within themes are stark reminders why NH HIT trends are important to
assess regularly. For example, there are little to no systematic process for NH HIT
implementation, staff report frustration because HIT support is insufficient or nonexistent
and are rarely on site, and there is limited empirical evidence that HIT improves quality of
care. Furthermore, trends identifying developing disparities in IT resources based on
regional location, ownership, bedsize have been reported (Scott-Kruse et al., 2017). A few
rigorous NH studies conducted incorporate IT as a mechanism to improve QMs, costs, and
impact on staffing (Rantz et al., 2010). Furthermore, other NH studies have examined the
extent of useful IT capabilities including EHR and HIE adoption (Abramson, McGinnis,
Moore, Kaushal, & HITEC Investigators, 2014). However, it is difficult to generalize results
of these studies beyond the multisite statewide assessments conducted in other settings. In
addition, national studies that have been reported are not longitudinal in nature. Therefore,
progressive change in IT maturity is not measured consistently (Resnick, Manard, Stone, &
Alwan, 2009).

Associations Between NH QMs and IT

IT is not linked to key NH quality measurement systems. If our prior results are replicated in
the national data, such as if clinical documentation systems in resident care are associated
with changes in quality (Alexander & Madsen, 2018), this finding would strongly support
establishing ongoing national evaluations of NH IT and QMs as a way to manage resident
care. Such a find would influence science by identifying IT use as a key component of
quality measurement. With little evidence describing systematic NH HIT implementation
processes or outcomes that proves HIT benefits care delivery in NH, there is likely going to
be reduced or static adoption trends in this sector of health care (Gagnon et al., 2012). In this
research, we focus on two specific aims:

. Specific Aim 1: Describe the pattern of changes in IT sophistication over time
and examine associations between the changes in IT sophistication and NH
attributes (e.g., bedsize, ownership, location).
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. Specific Aim 2: Examine whether patterns of change in overall IT sophistication
in NHs are associated with changes in MDS-derived QM scores over 3 years.

In this article, authors address this evidence gap, by describing results of a study that took
place over 3 years (2014-2017) in U.S. NHs. The survey measured trends in NH IT
sophistication each year. NH IT Sophistication is a measure defined in three health care
domains including resident care, clinical support, and administrative activities. Within each
domain, three dimensions of IT sophistication are defined including IT capabilities, extent of
IT use, and degree of IT integration with internal/external stakeholders (Alexander &
Wakefield, 2009). Therefore, this 3 x 3 (dimensions/domains) model has nine subscales with
a minimum of 0 and maximum of 100 for each scale, plus a total IT sophistication score
(maximum = 900). A model of independent variables (NH Characteristics, IT Sophistication
Dimension and Domain Scores) and dependent variables (NH QMs) was used to guide this
study (see Figure 1). The recruitment strategy and analytic plan is illustrated in Figure 2.
The university’s institutional review board (Protocol #1209004) approved all protocols.

Investigators recruited a randomized NH sample from a national database downloaded from
the CMS (2005) NH Compare in September 2013. The database contained information on
all 15,623 U.S. NHs. The sample and recruitment strategy for Year 1 (V= 815) of this study
is described in (Alexander, Madsen, Miller, et al., 2017). Researchers recruited NH
administrators from the same 815 NH facilities in Year 1 to participate in Year 2 and Year 3
of this study using the same recruitment strategy each year. The only difference in
recruitment strategy was an increasing compensation amount each year (Year 1 = US$25,
Year 2 = US$35, Year 3 = US$40) totaling up to a maximum of $100.00 for three complete
surveys.

Survey Measures

The IT sophistication survey was developed and validated by the primary author over several
studies since 2007 (Alexander, Madsen, & Wakefield, 2010). The entire survey had 61
questions; of those, 50 questions related to the nine IT sophistication dimensions and
domains and 11 questions are descriptive. Within the nine dimensions/domains are 27
content areas used by researchers to describe and trend a full range of IT sophistication
measures (see Figure 1; Alexander & Madsen, 2018). Eleven content areas measuring IT
capabilities incorporated responses using dichotomous variables. For example, respondents
checked IT capabilities supporting electronic physician discharge summaries or order entry,
if they were available. Furthermore, researchers measured IT capabilities used in resident
care by nurses and physical therapists. Using Likert-type scales, nine content areas specify
the extent of IT use and seven content areas specify IT integration internally and externally
to each NH. For example, extent of IT use was measured (not available to extensively used)
for technologies used in resident care (e.g., telemedicine devices, artificial intelligence, or
access to radiologic images). Extent of IT use included measurements of nursing services
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such as proliferation of personal computing devices that matured from use solely at nursing
stations in Year 1 to bedside portable computing devices in Year 3 (e.g., tablets or smart
phones). Finally, the survey assessed integration, for example, if resident care systems
integrated with other computerized laboratory systems internally in the NH using Likert-
type scales (not at all to very much integration). Reliability estimates were assessed by
calculating Cronbach’s alpha values for the IT sophistication in three domains, which were
resident care (.87-.88), clinical support (.86-.91), and administrative activities (.69-.80;
Alexander, Madsen, Miller, et al., 2017). Validity was also assessed with qualitative
observations of clinical communication strategies in 16 NHs with diverse levels of IT
sophistication (Alexander, Steege, Pasupathy, & Strecker, 2015).

Survey Procedures

NH QMs

Administrators were sent electronic or paper surveys after agreeing to participate. The team
conducted at least three follow-up calls per facility at 2-week intervals to increase response
rates. Researchers used double-entry procedures entering each paper survey received into
separate excel files and then cross-checking files for accuracy.

NH Compare was used to capture independent and dependent variables for the study. All NH
facilities in the United States receiving Medicare or Medicaid dollars electronically report
QMs through NH Compare. At the time this study started, in 2013, 18 QMs were reported.
Thirteen long-stay measures including information about NH residents that are in facilities
for longer than 100 days and five short-stay QMs are also included representing residents
who are in facilities for less than 100 days (see Figure 1). NHs report QMs quarterly into
NH Compare. CMS derives QMs from nursing MDS assessments, which nurses collect upon
NH resident admission, when there is a change in NH resident condition, and/or quarterly
for each NH resident.

NH Compare also contains facility characteristics about each NH. Investigators collected
facility characteristics as independent variables and differences were examined. For instance,
researchers collected information about bedsize (<60, 60-120, >120), ownership (for profit,
not for profit), and zip code to determine differences in regional variation (rural, small town,
urban, and metropolitan). To examine regional variations, investigators use Rural Urban
Commuting Area (RUCA) codes as a resource to align zip code information with county
population data for each NH location in the United States.

Facility market characteristics were collected from NH Compare and incorporated into the
study’s sampling methods. In NH Compare, facilities that identified and reported severe
quality of care problems may be classified as special focus facilities. As long as a facility is
a special focus facility, they receive special attention by state health departments for their
quality problems and often are required to implement special quality improvement projects.
Facilities with preexisting quality problems, already focused on quality improvement
processes, could confound the effects of NH IT on quality. These facilities were excluded
from the sample. In addition, NH facilities that are part of hospitals may have access to
resources, such as IT departments, that stand-alone facilities do not typically have access to.
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For this reason, NH facilities that were part of hospitals were identified and excluded from
our sample. Finally, a NH was included only if located in the continental United States,
Alaska, and Hawaii.

The initial weights in this analysis related to the proportions of homes in a state that
responded to the survey. The responding homes typically differed to some degree relative to
the numbers of homes with characteristics of bedsize, ownership, and location. Investigators
incorporated post-stratification methods to reflect the distribution of homes with these
characteristics in the population. Using post-stratified weights, researchers estimated mean
scores using percentile ranks for each of the nine IT sophistication dimension/domains and
Total IT sophistication. For each pair of years (Year 2-Year 1, Year 3-Year 1, and Year 3-
Year 2), we obtained estimates of the mean differences and 99% confidence intervals (CIs)
estimates. Investigators considered the change significant if the CI did not contain zero.

In another analysis, incorporating data from facilities completing surveys, researchers
assessed the patterns in total IT sophistication that developed over the course of 3 years. A
strictly increasing trend in mean total IT sophistication scores overall by year (IT Year 1 <
IT Year 2 <IT Year 3) is just one of several emerging patterns. For example, the team found
six patterns of interest among individual facilities completing three surveys:

1 = consistent positive increase each year,

2 = positive start, net positive increase after 3 years,

3 = negative start, net positive increase after 3 years,
4 = positive start, net negative loss after 3 years,

5 = negative start, net negative loss after 3 years, and
6 = consistent negative loss over 3 years.

Numbers 1, 2, and 3 have in common the fact that Year 3 total IT sophistication is higher
than Year 1 (net increase from Year 1 to Year 3), while 4, 5, and 6 have in common that Year
3 total IT sophistication is lower than Year 1 (net loss Year 1 to Year 3). It was hypothesized
that relationships existed between these patterns and NH characteristics. For example, if
small homes show different proportions among the patterns than medium or large homes.
Rao Scott’s chi-square test was used to examine differences.

Using post-stratified weights, correlations were determined among differences in mean
averages of QMs and differences in the nine dimensions/domains and total IT sophistication
score. To estimate these relationships, the larger set of facilities completing Year 1 and Year
3 surveys was used (/7= 448). Mean averages for each QM were calculated from four
quarters of scores reported in NH Compare retrospective to the date the NH administrator
completed the survey. Estimated correlations r> .13 (in absolute value) were significant at
the .05 level and were explored using regression models; correlations that were not
significant were not reported. The QM difference was the dependent variable. The primary
independent variables were the IT sophistication differences in each dimension/domain that
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showed a significant correlation. Additional, independent variables were bedsize, location,
ownership. Investigators kept the variables in the model as explanatory variables even if they
were not significant. We fit a linear regression model in SAS 9.4 using PROC SURVEYREG
with post-stratified weights and state as the strata. PROC SURVEYREG does linear
regression analysis for sample survey data, which takes into account designs with
stratification, clustering, and unequal weighting. A backward elimination approach was
incorporated by dropping IT variables that were not significant at the p < .05 variable with
the home variables in model.

Figure 2 provides the numbers of total surveys, contacts, and response rates for the 3 years
of the study. A total of 815 administrators completed Year 1 surveys, while 306/815 (38%
response rate) completed surveys all 3 years. Every year, surveys were collected from every
U.S. state.

From Figure 3, for each subscale, the total IT sophistication mean scores in each of the nine
dimensions/domains for facilities participating in all 3 years are consistently in the order
Year 1 < Year 2 < Year 3. Although the means are consistently increasing over 3 years,
changes may not be statistically significant. To address this issue, researchers used the 306
homes that returned surveys in all 3 years. For Year 2-Year 1 changes, all were significant
EXCEPT IT integration in clinical support and all IT sophistication dimensions (IT
capabilities, extent of IT use, and IT integration) within administrative activities. The Year 3-
Year 2 change was not as significant, with ONLY IT integration in resident care and
administrative activities, and total IT sophistication having positive Cls. When looking at the
2-year change Year 3-Year 1, all changes were significant EXCEPT IT capabilities in
administrative activities.

When we examined the individual facilities patterns of total IT sophistication over 3 years,
just over 71% exhibited net positive increase over 3 years. Nearly 19% had a net negative
decrease in total IT sophistication, while 10% had a consistently negative pattern of adoption
over 3 years. Next, patterns were examined to determine their association with NH
characteristics. None of the associations were significant (p=.19, .21, and .59 for bedsize,
ownership, and location, respectively).

We used data from Year 3-Year 1 surveys to assess how responding NHs differed to some
degree relative to characteristics of bedsize, ownership, and location (e.g., metropolitan or
rural; Table 1). NH facilities participating in the survey were typically medium facilities
(60-120 beds; 58.5%) with fewer large facilities (>120 beds; 21.2%) participating. The
number of small facilities (<60 beds; 20.3%) closely approximated facilities not
participating (19.5%). Participating facilities were characteristically for-profit (63.5%) but
represented less than those not participating (69.6%). Rural and small town facilities
represented 29.9% of participating NH, but the majority (55.1%) was from metropolitan
areas. Due to these differences, investigators used post-stratification to re-weight homes to
reflect the distribution of NHs with these characteristics in the population. Using post-
stratified weights, we looked at the effect of NH characteristics on the mean total IT
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sophistication score change (Year 3-Year 1). For bedsize, change in mean total IT
sophistication score was not significant (o = .16). Although, larger homes had greater
increase in mean total IT sophistication score (73.9) than smaller homes (34.7), maximum
change possible = 100 (in absolute value). Ownership was not significant (p = .23), for
profits had a mean increase of 61.1 in mean total IT sophistication score while nonprofits
increased 45.3. Location was also not significant (p = .07); although, there is a suggestion
that the estimated mean difference in total IT sophistication in small towns (80.2) improved
more than in rural areas (18.3).

To illustrate mean total IT sophistication score change over time researchers plotted Year 1
(Total_IT) scores against Year 3 scores (Total_IT 3). The result plot diagram (Figure 4)
illustrates that more homes improved (points above the central black line) than got worse. In
addition, more homes improved “a lot” (by more than 150 points, points above upper limit)
than worsened by “a lot” (by more than 150 points, points below lower limit).

In our post-stratified analysis of correlations between IT sophistication scales and total IT
with each QM, correlations 7> .13 (absolute value) in magnitude appeared to be significant
at the .05 level. Other nonsignificant correlations are not reported. In our analysis, 18 such
correlations were significant and are reported (see Table 2), although a magnitude r> .13 is
still not terribly large in explanatory value. The most common IT sophistication dimension/
domain in the list of 18 is resident care extent of IT use, which shows significant correlation
with five different QMs. One of the most interesting QMs of the 18 is the percentage of
residents who are low-risk long-stay residents with bowel or bladder incontinence, which
shows significant direct correlation with all three resident care IT sophistication scales, one
scale in administrative activities, and total IT sophistication. In addition, the percentage of
residents with urinary tract infections showed an inverse relation with two scales (IT
capabilities, extent of IT use) in resident care. Finally, the percentage of resident receiving
antipsychotic/hypnotic medications showed a significant inverse relationship with IT
sophistication in every health care domain and total IT sophistication. Significant
correlations occurred between total IT sophistication score and three different QMs.

Next, we looked at differences in QMs and differences in IT sophistication scores. A
positive correlation means that as IT sophistication gets larger from Year 1 to Year 3, the
QM also gets larger from Year 1 to Year 3 (i.e., they move in the same direction). Seven of
these correlations are >.15. Only one QM, percentage of short-stay residents assessed/given
seasonal flu vaccine, has a significant positive relationship with administrative activities and
extent of IT use (r=.15, p=.008). Two other correlations have p < .05. The first had a
significant negative correlation between the QM percentage of residents who are low-risk
long-stay residents with bowel or bladder incontinence and extent of IT use in administrative
activities (r=-.19, p=.03). The second had a significant negative correlation between the
QM percentage short-stay residents newly received an antipsychotic medication and extent
of IT use in clinical support (r=-.16, p=.05).

A final regression analysis was conducted to determine whether the relationships held up
when accounting for characteristics of the NH (see Table 3). In addition, where there were
multiple IT scales showing a relationship, including other variables, tests were completed to
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see whether relationships maintained. There was only one IT sophistication scale with a
relationship holding up when accounting for characteristics of the homes, the QM
percentage of residents who are low-risk long-stay residents with bowel or bladder
incontinence and extent of IT use in administrative activities. As the difference in extent of
IT use in administrative activities from Year 1 to Year 3 increased, the change in the QM
percentage of low-risk long-stay residents with bowel or bladder incontinence from Year 1
to Year 3 decreased. More specifically, for every 10 units increase in extent of IT use in
administrative activities score from Year 1 to Year 3, an expected decrease of 1.3% may
occur in the QM percentage of low-risk long-stay residents with bowel or bladder
incontinence. Furthermore, the change in QM percentage of long-stay residents who have
depressive symptoms and percentage of long-stay residents assessed/given seasonal flu
vaccine and relationship with IT did not hold up when accounting for characteristics of the
NH. However, a result of interest for percentage of long-stay residents assessed/given
seasonal flu vaccine when accounting for NH characteristics, although the relationship with
change in extent of IT use in administrative activities did not hold, facilities in micropolitan
areas showed a significantly larger (p=.01) change in QM score than facilities in small
towns. As the percentage of short-stay residents with newly received antipsychotic
medications showed relationships with four IT measures, they were all fit in the same model
where none of the IT measures were significant (all p> .05). A stepwise backward selection
method was employed, and the IT measures stayed nonsignificant. The measures were also
examined alone, where none of their relationships held up when accounting for home
characteristics.

In NHs participating in all 3 years of this national study, mean total IT sophistication scores
overall are increasing in every dimension/domain. Furthermore, in facilities that have only
partial participation rates (2 or less years), there are also increasing trends in mean IT
sophistication rates. Trend rates do not appear to have statistically significant change in each
dimension/domain every year, but do reach statistically significant change in eight out of
nine of the subscales used in this evaluation from Year 1 to Year 3. These changes are
consistent with recent reports by the ONC that some capabilities of health IT like EHR and
HIE use are increasing in skilled nursing facilities (Alvarado, Zook, & Henry, 2017). In
addition, this same report indicates that there is wide variation of IT adoption based on
facility characteristics similar to those evaluated in this sample. Increasing trends and wide
variation in adoption patterns demonstrate the importance for sustained efforts to monitor
and report use of IT in these health sectors.

Overall growth trends are encouraging; however, some individual facility trends are not so
encouraging. For example, nearly 30% of administrators reported a net negative decrease,
with 10% of administrators reporting consistent negative decreases in IT sophistication over
3 years. These fluctuations in IT sophistication were not particularly associated with any
facility characteristic but appeared to occur broadly regardless of the characteristics. Net
decline in IT sophistication means that administrators reported reductions in some or all of a
facility’s IT capabilities, extent of IT use, or degree of IT integration over 3 years. These
findings are consistent with earlier research analyzing change in IT sophistication, where IT
in clinical support areas including pharmacy, radiology, and laboratory appeared to have the
most fluctuation (Alexander, Madsen & Newton, 2017). In fact, some administrators
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reported wide variation between consecutive years (Year 2-Year 1), moving from IT
sophistication scores of 100 (maximum) to 0 (minimum) in a single year (Alexander et al.,
2017). Exploring these variations in IT adoption, consistently, whether net increase or
decrease, would be a worthwhile endeavor toward understanding decisions about IT
adoption, influencers that are leading to reduced adoption (e.g., poor usability or
interoperability), and quality and safety impacts for facility leaders, staff, and residents
experiencing large amounts of system change (Alexander, Madsen & Newton, 2017).

There appears to be a significant amount of correlation that is detectable between increasing
IT sophistication levels and QMs reported by the same facilities. After regression using
backward elimination, we found that few of these correlations held up when including NH
characteristics where multiple IT scales show relationships. However, one finding does
indicate that as extent of IT use in administrative activities increases, the percentage of
residents with bowel or bladder incontinence decreases. With the current design,
investigators are not able to determine what influences IT sophistication may have on this
QM directly. Hypothetically, increasing extent of IT use in administrative activities may
provide better administrative oversight of clinical processes and risk management that might
be useful for identifying residents at risk of bowel or bladder incontinence, thus providing
notification that earlier interventions are needed such as toileting to prevent the condition.
There is a need to test these theories and others with future large-scale national research
studies using novel designs that incorporate more critical variables to understand
relationships between quality measurement and trends in adoption of innovative IT systems
in these settings.

Implications

It is crucial that we continuously assess policy drivers that are influencing technology
sophistication in all health care sectors, including NHs. One way to assess policy drivers is
to trend technology sophistication consistently using models that identify IT capabilities, the
extent of IT use, and degree of IT integration in NHs to demonstrate where IT innovations
are occurring in practice. Furthermore, consistent reports of NH IT sophistication trends
could inform numerous stakeholders about existing IT infrastructures in NH settings. For
example, regulatory agencies should incorporate knowledge of IT infrastructure trends (e.g.,
adoption of HIE or EHR) into their annual assessments of facilities” quality and safety of
care delivery. In many cases, regulatory agencies incorporate assessments of system
processes that may be impacted by IT sophistication (e.g., electronic clinical documentation,
decision support with risk identification, and electronic forms of communication), so there is
a compelling argument that NH surveyors conducting assessments require knowledge of
current IT system infrastructure to fully understand facilities’ compliance with regulations.
For these reasons and others, establishing baseline and ongoing trends in NH IT
sophistication provides new information about these care delivery systems that should be
made consistently available on an annual basis.
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Limitations

Defining the impact of IT sophistication on QMs is a difficult process to undertake. One
reason is that other endogenous factors, which are present in an active health care system,
are hard to control for to narrow the true effects of IT on quality of care. An example might
be the NH workforce who is delivering resident care. Historically, the NH workforce has
limited clinical training composed of mostly licensed practical nurses and certified nurse
assistants and experience high turnover, which can also directly impact QMs (Castle,
Engberb, Anderson, & Men, 2007; Lerner, Johantgen, Trinkoff, Storr, & Han, 2014).
Another example is the significant gap between processes of care such as documentation of
care and care that residents receive. For example, some studies have shown consistent bias in
the direction of documentation that reflects higher care quality relative to care processes
provided by staff (Schnelle, Bates-Jenson, Chu, & Simmons, 2004). Studies like these
suggest that increased IT sophistication could lead to improvements in documentation
quality and overall QMs without a clinically meaningful impact on quality of care provision.
We recognize that a failure to account for endogeneity in our study can have important
consequences, including biased coefficient estimates and faulty conclusions about
theoretical propositions we have made about the influence of IT sophistication on QMs
(Hamilton & Nickerson, 2003). To address this problem, we have incorporated critical
variables into our design to help us to overcome possible variable bias. However, we also
realize that some critical variables were not included (i.e., staffing, five-star ratings)
primarily because these measures were being revised at some point during the longitudinal
study. In future research, it will be important to include these variables in robust analyses to
understand the influence of IT on quality in NHs.

Conclusion

Findings illustrated here show NH IT adoption is increasing and there does appear to be
some evidence of positive impact on QMs as IT sophistication increases over time. However,
there are still deficits in our understanding of the impact of IT. For example, why would
nearly 30% of NH administrators participating over 3 years have a net negative decrease in
IT sophistication? What is the impact of this net negative decrease on staff, residents, and
quality of care? Health care researchers can learn from studies like these, which
demonstrate, to some extent, how NH administrators are responding over time to influential
drivers of care delivery, such as NH IT innovation.
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Nursing Home Characteristics

Facility Characteristics:

*Organizational size (Number of beds)
*Ownership (For ProfitNot-For Profit)
*Regional Location (Rural, Small Town, Urban,

Metropolitan)

MarketCharacteristics:
*NH located within hospital

*Special Focus Facilities

/\

Nursing Home Quality Measures (% residents)

Long Stay Measures

IT Sophistication Dimensions in
three Healthcare Domains

ADL Needs Increased

Who Reporthod to Severe Pain

High Risk With Pressure Ulcers

Who Lose Too Much Weight
LowRiskBowel or BladderIncontinent
with CathInserted and Left in Bladder
With a Urinary Tract Infection

Who Have Depressive Symptoms
Who Were Physically Restrained

One or More Falls with Major Injury
Assessed/Given Seasonal Flu Vaccine
Assessed/Given Pneumococcal Vaccine
Received an Antipsychotic Med

Short Stay

Who Reporthlod to Severe Pain

With New or Worsened Pressure Ulcers
Assessed/Given Seasonal Flu Vaccine
Assessed/Given Pneumococcal Vaccine
Newly Received an Antipsychotic Med

Residentmanagement processesthat are computerized
Documents in resident care that are computerized.

Nursing processes or documents thatare computerized
PT/OT processes thatare computerized

Technologythat is available for patients/patientrepresentatives
Processesthatare computerizedinthe laboratory systems
Processesthatare computerized inradiology systems
Processesthat are computerizedin pharmacy systems
ProcessesformanagingITissues

Connectivity technologiesused in Internet-based applications
IT activities currently outsourcedto external providers

Extent of IT Use

The extent of use of technologies in resident activities.

The extent of use of technology in nursing care

The extent of use of technology in PT/OT

The extent of use of patient/patientrepresentatives’ technology
The extent of use of technology for pharmacy management
The extent of use radiologytechnology

The extent of use of laboratory technology

The extent of use of technology for pharmacy management
The extent of use of office automation applications inyour NH

Degree of IT Integration_Internally and Externally

ResidentCare Systems are integrated (electronic and automatic
transfer of information) with other systems in your NH

Nursing information systems are integrated (electronic and
automatictransfer of information)to each other in your NH

PT/OT system are integrated (electronic and automatictransfer of
information)to each other in your NH

Laboratory systems are integrated with otherinformation systems

Radiology systems are integrated with otherinformation systems

Pharmacy systems are integrated with otherinformation systems

Total number of IT personnelin your NH excluding long-term
consultants or sub-contractors

Figure 1.

A model to test nursing home quality measures and IT sophistication.

Note. IT = information technology; PT/OT

= physical/occupational therapist.
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m) Year
Total US NH before exclusions: 15762
NH excluded due to Special Focus Facility designation: 139
NH excluded due to hospital affiliation status: 809
Total NHs in U.S. sample after exclusions: 14814

Recruitm tegy Year [ Recruitment Results Year 1
Randomized sample
Goal 10% NHs from each state Recruited 1799
Number NHs proportional to number in state Surveys complete 815
_ NHs not stratified prior to rand [ p Rate 45%

AnalyticPlan
Post fied analysis based esin

organizational characteristics )

Aim 1 Mean differences in Year 1-Year 2

Recruitment Strategy Year 2 [ Recruitment Results Year2 |
Recruited 815
Contact all NHs with complete Surveys complete 456
surveys in Year 1 (N=815) Response rate: 56%
A Recruited 815
— Contact all NHs with complete Surveys complete 448

surveys in Year 1 (N=815) Response rate: 55%

Il

\/

Year 2-3
Aim 1 Mean differences IT sophistication score
Year1-3
Aim1 Mean differences in IT sophistication score
Alm2: C gmean IT 1differences

| Alm2: Regression analysis accounting for NH characteristics

Completed All 3 Years
306 NHs

( " Recruitment Results
R Rate 38%

Aim 1: Patterns of Change
inMean IT sophistication scores

J/

Figure 2.

Recruitment strategy and analysis plan for assessing 3-year trend in IT sophistication.

Note. NH = nursing home; IT = information technology.
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600 T —
50.0
400
300 — Y 03r 1
...... Year2
- = Year3
200
100
00 - - T T - - i T |
IT Capabilities | Extent of T | IT Integration | IT Capabilities| Extent of T | T Integration | IT Capabilities | Extent of ™ | IT Integration |
[ Use Use Use
Residential Care Clinical Support Administrative Activities
Figure 3.
Post-stratified weighted estimates of mean IT sophistication scales trends over 3 years (V=
306).

Note. IT = information technology.
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Figure 4.

Total IT sophistication differences Year 1-Year 3.
Note. Points above central line Year 3 total IT score higher; points beyond outer reference
lines total IT score differ by 150. IT = information technology.
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Table 1.
Sample NH Characteristics.
No. Survey %  Survey %  Total
Bedsize
Small NH <60 2,964 195 91 203 3,055
Medium NH = 60-120 7,790 51.2 262 585 8,052
Large NH >120 4,450 293 95 212 4,545
Ownership
For profit—Corporation 8,773 57.7 233 52.0 9,006
For profit—Individual 545 3.6 15 3.4 560
For profit—Limited liability company 107 0.7 3 0.7 110
For profit—Partnership 1,154 7.6 33 74 1,187
Government—City 86 0.6 0 00 86
Government—City/country 95 0.6 2 0.5 97
Government—County 459 3.0 0 0.0 459
Government—Federal 6 00 0 00 6
Government—Hospital district 131 0.9 0 0.0 131
Government—State 149 1.0 0 0.0 149
Nonprofit—Church related 679 45 27 6.0 706
Nonprofit—Corporation 2,726 179 130 29.0 2,856
Nonprofit—Other 295 1.9 5 11 300
Location
Metropolitan >50,000 9,679 63.8 247 551 9,926
Micropolitan = 10,000-50,000 2,245 1438 67 150 2,312
Small town = 2,500-9,999 1,840 121 75 167 1,915
Rural <2,500 1,411 9.3 59 132 1,470

Note. NH = nursing home.
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Table 2.

Correlations Between IT Dimension/Domain Scores and Quality Measures.

Health care domain IT dimension Quality measure pa 2 R
Resident care IT capabilities Low-risk LS bowel or bladder incontinence .01 14 .02
LS with a urinary tract infection .00 -19 .03

LS assessed/given seasonal flu vaccine 03 -15 .02

Extent of IT use  High-risk LS with pressure ulcers .00 -.18 .03

Low-risk LS bowel or bladder incontinence .00 19 .04

LS with a urinary tract infection 02 -14 .02

SS with new or worsened pressure ulcers .00 -.16 .02

SS newly received an antipsychotic medication .05 -.15 .02

IT integration Low-risk LS bowel or bladder incontinence .00 20 .04

Clinical support IT capabilities SS who report moderate to severe pain .00 -.18 .03
Extent of ITuse LS who report moderate to severe pain .00 -.16 .03

Integration LS received antianxiety/hypnotic medication .00 -.17 .03

Administrative activities T capabilities Low-risk LS bowel or bladder incontinence .00 20 .04
IT integration LS worsened ability to move independently .01 16 .03

LS received antianxiety/hypnotic medication 01 -16 .03

Total IT Low-risk LS bowel or bladder incontinence .03 15 .02
LS with a urinary tract infection .01 -15 .02

LS received antianxiety/hypnotic medication 01 -15 .02

Note. IT = information technology; LS = long-stay residents; SS = short-stay residents.

a . . . R
Only values with pvalue of .05 or less are shown in the table; other values with nonsignificant p values are not shown.
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