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Abstract

IMPORTANCE Average staffing measures are a focus of nursing homes’ quality assessments and
reporting. They may, however, mask daily variation in staffing, additional information that could be
important for understanding nursing home quality and relative ranking.

OBJECTIVE To examine daily variation in staffing, its association with quality, and whether daily
variation provides information regarding quality ranking of nursing homes over and above the
information provided by average staffing levels.

DESIGN, SETTING, AND PARTICIPANTS This quality improvement study included registered
nurses (RNs) and certified nurse aide (CNAs) at 13 339 certified nursing homes throughout the United
States during 2017 to 2018. Retrospective analyses of the Payroll-Based Journal, Medicare Cost
Reports, and Nursing Home Care Compare were conducted. Data were analyzed from January 2017
to December 2018.

MAIN OUTCOMES AND MEASURES Three measures of daily variation, ie, coefficient of variation
(COV), total outlier days (TOD), and low outlier days (LOD), were calculated for RNs and CNAs. The
association between these measures and quality rankings and other facility characteristics were
evaluated.

RESULTS A total of 13 339 nursing homes were included in this study, with 9476 (71%) for-profit
facilities. The mean (SD) hours-per–resident-day were 0.41 (0.29) for RNs and 2.16 (0.49) for CNAs,
and a mean (SD) 55% (26%) of residents were Medicaid beneficiaries. Outcome measures were as
follows: mean (SD) COV, 0.5 (0.6) for RNs and 0.1 (0.1) for CNAs; mean (SD) TOD, 220 (69) for RNs
and 44 (45) for CNAs; and mean (SD) LOD, 116 (45) for RNs and 22 (24) for CNAs. All 3 variation
measures, for both RNs and CNAs, were significantly associated with both the 5-Star Quality
Measures (COV among RNs, −0.014 [95% CI, −0.021 to −0.007]; P < .001; COV among CNAs:
−0.004 [95% CI, −0.006 to −0.003]; P < .001; TOD among RNs, −3.79 [95% CI, −4.59 to −2.99];
P < .001; TOD among CNAs, −2.52 [95% CI, −3.08 to −1.96]; P < .001; LOD among RNs, −2.46 [95%
CI, −3.03 to −1.88]; P < .001; LOD among CNAs, −1.29 [95% CI, −1.58 to −0.99]; P < .001) and the
5-Star Survey rankings (COV among RNs,−0.026 [95% CI, −0.033 to −0.019]; P < .001; COV among
CNAs: −0.006 [95% CI, −0.007 to −0.004]; P < .001; TOD among RNs, −5.10 [95% CI, −5.97 to
−4.23]; P < .001; TOD among CNAs, −4.16 [95% CI, −4.77 to −3.55]; P < .001; LOD among RNs, −3.04
[95% CI, −3.65 to −2.44]; P < .001; LOD among CNAs, −1.97 [95% CI, −2.29 to −1.65]; P < .001)
published in Nursing Home Care Compare. Low κ values, ranging from 0.23 to 0.63, indicated that
the variation measures add information about ranking to the information provided by average
staffing measure.

CONCLUSIONS AND RELEVANCE These findings highlight the importance of reporting daily
variation in staffing to improve understanding of the relationship between staffing and quality. They
suggest that 2 facilities with the same average staffing achieve different quality of resident care and
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Abstract (continued)

survey ratings in association with on the day-to-day variation in staffing. Measures of daily staffing
may enhance the value of Nursing Home Care Compare for nursing homes and others engaged in
quality improvement and consumers searching for high quality nursing homes.

JAMA Network Open. 2022;5(3):e222051. doi:10.1001/jamanetworkopen.2022.2051

Introduction

It is well established that direct-care staffing is fundamental to quality of nursing home care.1 A large
evidence base suggests that the average level of staffing, in particular registered nurse (RN) and
certified nurse aide (CNA) staffing, is associated with better performance on process quality
measures, on-site survey scores, and resident outcome measures.2-7 Accordingly, established nursing
home quality regulations, at both the federal level and in many states, include minimum nurse
staffing standards.8 The COVID-19 pandemic underscored the role that staff played in mitigating
outbreaks in nursing homes.9

Average staffing levels do not, however, fully capture the association of staffing to nursing home
quality; ideally, one would know level of training, morale, and communication, among other things.
For example, it has been recognized for decades that staff turnover—the frequency with which staff
members quit or are terminated—is associated with quality.10-14 Due to prior data limitations,
however, the Centers for Medicare & Medicaid Services (CMS) publishes only the case-mix adjusted
average staffing levels15 in the Nursing Home Care Compare (NHCC) report card.16

One crucial phenomenon that has not been investigated to date is the day-to-day variation, or
instability, of staffing levels. There have been recent calls to report weekend and weekday staffing
separately in recognition that many nursing homes have significantly lower staffing on weekends.17

However, daily variation in staffing may extend beyond the difference between weekends and
weekdays, as some nursing homes may have unstable staffing even during the week. Clearly, large
fluctuations in numbers of staff may not be conducive to high-quality care, and measuring only
average staffing levels may mask dangerously low levels on some days.

In this article, we examine daily variation in staffing using 3 possible measures. We take an initial
look at these measures and explore the hypothesis that daily variation is negatively associated with
quality for all Medicare and Medicaid–certified nursing homes nationally. To assess whether daily
variation in staffing should be added to Care Compare, we also examine the hypothesis that daily
variation provides information about the quality ranking of nursing homes over and above the
information provided by average staffing levels.

Methods

The study was approved by the University of California, Irvine, institutional review board. This report
follows the Standards for Quality Improvement Reporting Excellence (SQUIRE) guidelines.

Data Sources and Study Variables
The study included all 14 499 Medicare and Medicaid–certified nursing homes nationally with full
year Payroll Based Journal (PBJ) data in 2017 and 2018. The PBJ data, collected by CMS, report the
number of hours worked by each staff person each day, including contracted staff, for every facility.
This data set also reports the resident census daily, calculated by CMS, based on the Minimum Data
Set. We used these data to create variables measuring the daily number of RN and CNA hours per
resident-day.

We used the Medicare provider number to merge these data at the facility level with the
Medicare Cost Reports and NHCC, which provided information about nursing home characteristics.
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We excluded facilities with missing data. The final sample included 13 295 facilities (91.7%) for the RN
analyses and 13 339 (92.0%) for the CNAs analyses.

Variables
Variables Measuring Average Staffing and Daily Variation
We defined 3 measures of daily variation for RN and CNA hours per resident-day. (We do not study
licensed practical nurses [LPNs] because most prior studies2-5 failed to find an association between
LPN average staffing levels and quality.) All 3 measures were measured at the facility level. The first,
the coefficient of variation (COV), was defined as the ratio of the annual SD of the staffing hours per
resident-day divided by its annual mean. The second, total outlier days (TOD), was defined as the
number of days during the year in which staffing hours per resident-day deviated from the annual
facility mean in either direction by at least 20%. The third, low outlier days (LOD), was defined as the
number of days during the year in which staffing hours per resident-day were less than the annual
facility mean by more than 20%. Figure 1 depicts measures 2 and 3. In sensitivity analyses, we tested
measures defined on 30% thresholds. We also measured the average staffing hours per resident-
day, the traditional staffing measure.

Variables Measuring Quality
We measured quality using 2 quality rating measures developed and published in NHCC by CMS and
used since 2008 in the Quality Improvement Initiative and value-based programs.15 These are the
5-Star Survey and the 5-Star Quality Measures, which rate nursing homes on a scale from 1 (much
below average) to 5 (much above average). These composite quality measures18 have been shown to
inform behavior of patients19,20 and nursing homes.21-23

Other Nursing Home Characteristics
We controlled for other nursing home characteristics that were shown in previous studies to be
associated with quality, including size (average annual resident census), case-mix-index (average
resource utilization group–IV score),24 payer mix (percentage Medicaid, Medicare, and others),25

ownership,24,26,27 and chain affiliation.25 All variables were standardized (ie, expressed in terms of
their Z statistic) to allow comparisons across variables.

Statistical Analysis
We performed 2 types of analyses. The first was designed to assess the importance of daily variation
in staffing by exploring its association with nursing home quality. We sought to understand
characteristics of nursing homes associated with each of the daily variation measures and to examine

Figure 1. Example Calculation of Total Outlier Days and Low Outlier Days
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This hypothetical example presents daily fluctuations
in certified nurse aide (CNA) staffing in a nursing home
around its annual average CNA staffing level. The blue
diamonds are the days that count toward the low
outlier days variation measure, all less than 20% of the
annual average line. In this example there are 6 low
outlier days. The orange diamonds show the days
exceeding the annual mean by more than 20%. In this
example, there are 5 high outlier days. The total outlier
days measure is the sum of the low and high outlier
days; in this example, it is 11.
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associations with the 5-Star Quality Measures, controlling for facility characteristics. We estimated 6
regression models, 3 for RNs and 3 for CNAs. The dependent variables were the 6 combinations of
RNs and CNAs with the 3 variation measures: COV, TOD, and LOD. All models had the same nursing
home characteristics and quality measures as independent variables and included state fixed effects.
We estimated generalized estimating equations with robust standard errors clustered at the facility
level, using Stata version 16.1 (StataCorp). Statistical significance was set at P < .05, and all tests were
2-tailed.

The second set of analyses were designed to answer the following questions: does daily
variation reveal new information not already captured by measures of average staffing? Would
considering information about variation change nursing home rankings? To address these, we sorted
nursing homes into deciles, one based on their average staffing and one based on their daily variation
measures, from high to low. We created six 10 × 10 tables of matched nursing homes based on their
average staffing and daily variation decile assignment (3 tables for RN and 3 for CNA variation
measures). To assess levels of agreement, we report weighted κ for each of the 6 tables and present
1 table as an example. The degree of agreement between the average staffing measures and the
variation measure in each table was measured by the weighted κ statistic,28 which considers the
number of nursing homes agreement and disagreement. The weights reflect the distance of each
nursing home from agreement, with nursing homes further away from agreement given decreasing
weight compared with nursing homes closer to agreement. Visually, the increasing disagreement of
the 2 measures regarding quality is represented by the distance from the diagonal. The κ ranges
between 0 and 1, with 0 indicating no agreement and 1 indicating complete agreement. κ levels of
0.75-0.80 have been suggested as indicating agreement.29,30

Results

Of the 13 339 nursing homes in the study, the mean (SD) number of residents per day for the year was
89.87 (51.43) (Table 1). A total of 2551 facilities (19%) were nonprofit, and 9476 (71%) were for profit,
with 7727 (58%) chain affiliated. A mean (SD) 14% (13%) of residents were Medicare beneficiaries,
and 55% (26%) were Medicaid beneficiaries.

Distribution of the Daily Variation Measures
These measures varied significantly across nursing homes. The mean (SD) COV was 0.50 (0.58) for
RNs and 0.13 (0.11) for CNAs. The 10th to 90th percentile range for RNs (denoted henceforth as
10/90 range) was wide, at 0.22 to 0.82, and narrower for CNAs, at 0.07 to 0.20. The mean TOD
measure for RNs was 220 (SD, 69; 10/90 range, 124-314) and, for CNAs, 44 (SD, 45; 10/90 range,
2-106). The mean LOD measure for RNs was 116 (SD, 45; 10/90 range, 62-168) and, for CNAs, 22 (SD,
24; 10/90, 0-54).

Nursing Homes’ Characteristics Associated With the Daily Variation Measures
Table 2 presents regression models showing associations between the RN and CNA variability
measures and facility characteristics. We present the results in terms of the average marginal effect
(AME) of each characteristic. The AME is the average effect size of an increase of the characteristic by
1 SD. For example, an increase of 1 SD in the case-mix index was associated with a decrease of 0.023
in the COV, 3.67 in TOD, and 2.27 in LOD for RNs. This allows comparison of the associations
(coefficients) across variables.

Quality Measures
We measured the associations with the 5-Star Survey and the 5-Star Quality Measures rankings of the
NHCC. Both were significantly and negatively associated with all the variation measures for both RNs
and CNAs (Quality Measures: COV among RNs, −0.014 [95% CI, −0.021 to −0.007]; P < .001; COV
among CNAs: −0.004 [95% CI, −0.006 to −0.003]; P < .001; TOD among RNs, −3.79 [95% CI, −4.59
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Table 1. Descriptive Statistics

Characteristic

Sample
P values for
differenceAnalysis Excluded

Daily variation in staffing measures

Coefficient of variation

RNs

Nursing homes, No. 13 295 1157
.02

Mean (SD) 0.50 (0.58) 0.55 (0.75)

CNAs

Nursing homes, No. 13 339 1156
<.001

Mean (SD) 0.13 (0.11) 0.19 (0.17)

Total outlier days

RNs

Nursing homes, No. 13 295 1157
.003

Mean (SD) 219.83 (68.58) 213.43 (81.62)

CNAs

Nursing homes, No. 13 339 1156
<.001

Mean (SD) 44.26 (45.20) 77.80 (69.03)

Low outlier days

RNs

Nursing homes, No. 13 295 1157
.43

Mean (SD) 115.93 (45.39) 114.80 (54.90)

CNAs

Nursing homes, No. 13 339 1156
<.001

Mean (SD) 22.37 (23.71) 39.97 (39.40)

Average staffing measures

Hours per resident-day

RN

Nursing homes, No. 13 339 1160
<.001

Mean (SD) 0.41 (0.29) 0.93 (1.05)

CNA

Nursing homes, No. 13 339 1160
<.001

Mean (SD) 2.16 (0.49) 2.48 (0.73)

Quality measures from nursing home compare

Quality of Resident Care 5-Star Rating

Nursing homes, No. 13 339 1053
<.001

Mean (SD) 3.87 (1.07) 3.73 (1.23)

Survey 5-Star Rating

Nursing homes, No. 13 339 1055
<.001

Mean (SD) 2.79 (1.19) 3.26 (1.24)

Other facility characteristics

Residents per day for the year

Nursing homes, No. 13 339 1160
<.001

Mean (SD) 89.87 (51.43) 59.60 (58.84)

Case-mix index

Nursing homes, No. 13 339 94
.001

Mean (SD) 2.81 (0.30) 2.91 (0.35)

Percentage of patients receiving Medicare

Nursing homes, No. 13 339 123
<.001

Mean (SD) 13.94 (12.77) 30.98 (25.78)

Percentage of patients receiving Medicaid

Nursing homes, No. 13 339 123
<.001

Mean (SD) 54.63 (25.85) 33.73 (27.78)

(continued)
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to −2.99]; P < .001; TOD among CNAs, −2.52 [95% CI, −3.08 to −1.96]; P < .001; LOD among RNs,
−2.46 [95% CI, −3.03 to −1.88]; P < .001; LOD among CNAs, −1.29 [95% CI, −1.58 to −0.99]; P < .001;
Survey rankings: COV among RNs,−0.026 [95% CI, −0.033 to −0.019]; P < .001; COV among CNAs:
−0.006 [95% CI, −0.007 to −0.004]; P < .001; TOD among RNs, −5.10 [95% CI, −5.97 to −4.23];
P < .001; TOD among CNAs, −4.16 [95% CI, −4.77 to −3.55]; P < .001; LOD among RNs, −3.04 [95%
CI, −3.65 to −2.44]; P < .001; LOD among CNAs, −1.97 [95% CI, −2.29 to −1.65]; P < .001). The
associations for RNs were higher than the those for CNAs, as were the associations for the Survey
rankings compared with the Quality Measure rankings.

Ownership Type
We measured the association of the daily variation measures with nonprofit, government, and other
ownership, compared with for-profit nursing homes. These results were mixed. They were significant
for the outlier days measures with an effect size that was twice as large for RNs than CNAs for both
nonprofit and government-owned facilities vs for-profit facilities (Table 2). They were not generally
significant for the COV measure and for other ownership. This suggests that for-profit facilities tend
to have less stable staffing. We note that the low variability of nonprofit nursing homes’ staffing, for
both RNs and CNAs, relative to for-profit nursing homes, exhibited the second largest effect size of all
the associations in the models.

Chain Ownership
Being part of a chain was significantly and negatively associated with all measures of variation for
both RNs and CNAs (Table 2). However, it was not associated with the COV for RNs.

Payer Mix
We measured the association with respect to Medicare and other payers relative to Medicaid. A
higher percentage of Medicare beneficiaries was significantly associated with lower variation of RNs
but higher variation of CNAs compared with Medicaid (Table 2). A similar pattern existed for other
payers, although it was not as significant for the CNAs. The associations were larger by approximately
50% for Medicare for variation among RNs variation and for the other payer among CNAs.

Table 1. Descriptive Statistics (continued)

Characteristic

Sample
P values for
differenceAnalysis Excluded

Percentage of patients with other payer

Nursing homes, No. 13 339 123
.06

Mean (SD) 31.43 (22.65) 35.30 (21.48)

Facility part of a chain

Nursing homes, No. 13 339 123
.06

Yes, No. (%) 7727 (57.93) 61 (49.59)

Ownership

Nursing homes, No. 13 339 1160

<.001

For profit, No. (%) 9476 (71.04) 341 (29.40)

Nonprofit, No. (%) 2551 (19.12) 507 (43.71)

Government, No. (%) 520 (3.90) 234 (20.17)

More than 1 type 792 (5.94) 78 (6.72)

Hospital based

Nursing homes, No. 13 339 1160
<.001

No. (%) 67 (0.50) 597 (51.47)
Abbreviations: CNAs, certified nurse aide; RNs,
registered nurses.
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Case-Mix
Higher case-mix was negatively and significantly associated with all 3 measures (Table 2). This
suggests that nursing homes with a higher case-mix index tend to have more stable staffing mix.

Hospital Based Nursing Home
This variable was not significantly associated with any of the variation measures.

Size
Size was measured as the annual average resident census and included in the model as a linear and
square term to allow for nonlinearity in scale. It was included not just as a facility characteristic of
interest but also because it can affect the variation measures statistically. For example, if 1 person is
absent in a nursing home employing 100 people, this facility would miss only 1% of its employees;
another facility employing only 10 people would miss 10% of its employees, making smaller facilities
naturally less stable. This variable, therefore, plays multiple roles and should be interpreted carefully.
As expected, size was significantly and negatively associated with staffing variation (Table 2); larger
facilities scored lower on all of the variability measures, and it had the largest coefficients compared
to all other characteristics.

eTable 1 in the Supplement presents results for the daily variability measures defined with the
threshold set at 30%. These results were similar to those with the 20% threshold.

Quality Ranking by Daily Staffing Variation Compared With Ranking by Average
Staffing Levels
Figure 2 presents an example of a 10 × 10 table, 1 of 6 we created, that classified each nursing home
based on the average staffing measure and 1 of the variation measures. It shows the classification of
nursing homes based on LOD among CNAs. Five additional tables (not presented) were created for
CNAs and RNs with all other variation measures. All nursing homes in green on the diagonal are those
in which the average staffing measure and the variation measure classify the nursing home to the
same quality decile. Nursing homes falling into off-diagonal cells are those for which the 2 measures
disagree; the further from the diagonal, the greater the disagreement.

Figure 2. Mean Certified Nurse Aide (CNA) Staffing vs CNA Staffing Daily Variation
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This table presents the number of nursing homes
nationally ranked into quality deciles based on (1)
mean CNA staffing (y-axis) and (2) daily variation in
CNA staffing (x-axis). The numbers on the diagonal are
the numbers of nursing homes for which the 2
measures agree on the decile ranking. The cells in blue
are those for which mean quality rankings are greater
than variability ranking. The cells in red are those for
which the variability quality rankings are greater than
the mean quality ranking.
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The values of the weighted κ we measured were all less than 0.6, except for the COV for RNs,
which was 0.626 (95% CI, 0.617-0.634). The other values were as follows: TOD for RNs, 0.537 (95% CI,
0.529-0.546); LOD for RNs, 0.513 (95% CI, 0.505-0.521); COV for CNAs, 0.234 (95% CI, 0.226-0.242);
TOD for CNAs, 0.250 (95% CI, 0.242-0.258); LOD for CNAs, 0.252 (95% CI, 0.243-0.260). These val-
ues indicate 2 things: first, there is little agreement between the classification of average staffing mea-
sures and the 3 variation measures into high and low quality, and second, the disagreement is much
larger for the CNA measures than for the RN measures. The minimal disagreement can be observed
visually in Figure 2. The diagonal cells include only about one-third of the nursing homes. The other
two-thirds populate all off-diagonal cells, including cells far from the diagonal, indicating substantial
disagreement between the two measures. eTable 2 in the Supplement reports weighted κ values for
the variation measures defined with thresholds at 30%, which are similar.

Discussion

This article examined the possibility that information about daily variation in nursing home staffing
might add to our understanding of quality above and beyond average levels of staffing. It studied this
question in 3 ways and found that daily variation seems to matter to quality. It found that (1) there is
a significant association between 3 measures of daily variation and 2 widely accepted measures of
quality, the 5-Star Survey and the 5-Star Quality Measures ranking; (2) there is a significant
association between staffing variability and nursing home ownership, which has been shown to be
associated with higher quality (eg, nonprofit nursing homes that have been shown to have higher
levels of quality27 have lower levels of staffing daily variation compared with for-profit nursing
homes); and (3) there is little agreement between nursing home quality decile ranking based on
average staffing and variation in daily staffing levels, suggesting that the variation measures offer
information above and beyond that provided by the traditional average staffing measure.

The disagreement about ranking of nursing homes between the measure based on average staff
levels and the variation measures has implications for public report cards, consumer choice of
nursing homes, contracting with payers, and pay-for-performance systems. Consider a consumer
choosing a nursing home in his or her town and having the following 2 nursing homes to choose from
in Figure 2: a facility ranked 9 for staffing and 10 for variability, indicating a very large staff with high
variability, and another facility ranked 5 for staffing and 1 for variability, indicating a much smaller staff
but low variability. A choice based on staffing level alone will obviously be to select the first facility.
But is this the best choice? We do not have the answer at this time. More research is required to
answer this question because it is a tradeoff, like other tradeoffs between quality measures, such as
those between staffing levels and other 5-Star Quality Measures, 5-Star Survey ranking, and other
reported quality measures.31 However, currently, consumers may not be aware that nursing homes
differ substantially along the dimension of staffing variability and that daily variability is associated
with the quality of care they might receive.

What might be the underlying processes leading to an association between variation in staffing
and patient health outcomes? The answer to this question is both clinical and organizational. From
a clinical care perspective, residents benefit from access to regular, as opposed to inconsistent,
nursing assessment and care. For example, wide variation in staffing levels might lead to low
reliability in the early detection of changes in symptoms that is important for triggering evaluations
and interventions critical to preventing worsening health status. From an organizational perspective,
the absence of stable staffing inputs impedes management’s ability to create a high-reliability
organization with consistent, safe workflows. Everyday tasks, such as medication administration and
monitoring, can be adversely affected by both inadequate staffing and a lack of stability in staffing
availability. During low staffing days, when residents do not receive needed care, they are more likely
to develop various conditions, such as pressure injuries, because staffing was not sufficient to rotate
them in bed; exacerbation of wounds when staff is not available to change dressings in a timely
fashion; falls with injuries without consistent daily attention to anticipating needs, such as requiring
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assistance in getting to the bathroom. Most of these consequences of short staffing cannot be fixed
by additional staff on other days: more turning or toileting on extra-staffing days cannot eliminate
the fall or the wound development that occurred when understaffed.

Limitations
This study has limitations. We note our inability to adjust the variability measures for daily
fluctuations in case-mix. If these are frequent and substantial enough to lead nursing homes to adjust
staffing, then the variability measures should ideally account for them. We also note that our sample
excluded 8% of nursing homes. The excluded facilities tended to be hospital based, smaller, and
caring mostly for Medicare beneficiaries. Our findings may not generalize to them.

There is also a possibility that daily staffing variability and turnover, which has also been
recognized as associated with patient outcomes,11,13 are themselves related, at least to some degree.
While daily staffing variation is likely due to absenteeism, poor scheduling, and labor shortages, it
may also be driven by some of the same mechanism that have been identified for turnover, including
work conditions,32 low wages,33 and others.34,35 This study has not addressed the unique
contribution of each phenomenon to quality and outcomes that should be addressed in future work.

Conclusions

The availability of the PBJ data as of 2017 opens new opportunities to study the associations
between staffing and quality from perspectives that were not possible before and to apply new
knowledge to policy and quality standards. In this study, we took a first step in this direction, finding
that daily variation in staffing levels was associated with nursing home quality. Considering variation
and not just levels of staffing can offer new perspectives on staffing management in nursing homes
and potentially improve quality. More work is required to understand daily variation in the broader
context of goals for staffing and to determine the best, most valid, and most informative measures.

ARTICLE INFORMATION
Accepted for Publication: January 20. 2022.

Published: March 14, 2022. doi:10.1001/jamanetworkopen.2022.2051

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2022 Mukamel
DB et al. JAMA Network Open.

Corresponding Author: Dana B. Mukamel, PhD, Public Health and Nursing, iTEQC Research Program, Division of
General Internal Medicine, Department of Medicine, University of California, Irvine, 100 Theory, Ste 120, Irvine, CA
92617-3056 (dmukamel@hs.uci.edu).

Author Affiliations: Department of Medicine, Division of General Internal Medicine, University of California, Irvine
(Mukamel, Ladd); UCLA Borun Center at David Geffen School of Medicine, Los Angeles, California (Saliba);
Veterans Administration GRECC, Los Angeles, California (Saliba); RAND Health, Santa Monica, California (Saliba);
Department of Public Health Sciences, The University of Chicago, Chicago, Illinois (Konetzka).

Author Contributions: Ms Ladd had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.

Concept and design: All authors.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: Mukamel, Saliba, Ladd.

Critical revision of the manuscript for important intellectual content: All authors.

Statistical analysis: Mukamel, Ladd, Konetzka.

Obtained funding: Mukamel, Saliba.

Administrative, technical, or material support: Mukamel.

Supervision: Mukamel.

JAMA Network Open | Health Policy Daily Variation in Nursing Home Staffing and Its Association With Quality Measures

JAMA Network Open. 2022;5(3):e222051. doi:10.1001/jamanetworkopen.2022.2051 (Reprinted) March 14, 2022 10/12

Downloaded from jamanetwork.com by guest on 02/28/2024

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.2051&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.2051
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.2051
mailto:dmukamel@hs.uci.edu


Conflict of Interest Disclosures: Dr Mukamel reported receiving grants from the National Institutes of Health
during the conduct of the study and receiving personal fees from the Centers for Medicare & Medicaid Services
outside the submitted work. Dr Saliba reported receiving grants from the National Institute on Aging during the
conduct of the study and being a part-time employee of the Veterans Health Administration. Dr Ladd reported
receiving grants from the National Institute on Aging during the conduct of the study. Dr Konetzka reported
receiving grants from National Institute on Aging during the conduct of the study. No other disclosures were
reported.

Funding/Support: Research reported in this publication was supported by the National Institute on Aging of the
National Institutes of Health under award No. R01AG066742.

Role of the Funder/Sponsor: The funder had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Disclaimer: The content is solely the responsibility of the authors and does not necessarily represent the official
views of the National Institutes of Health. The views presented here do not represent those of the Department of
Veterans Affairs.

REFERENCES
1. Donabedian A. The quality of care: how can it be assessed? JAMA. 1988;260(12):1743-1748. doi:10.1001/jama.
1988.03410120089033

2. Castle NG. Nursing home caregiver staffing levels and quality of care: a literature review. J Appl Gerontol. 2008;
27(4):375-405. doi:10.1177/0733464808321596

3. Spilsbury K, Hewitt C, Stirk L, Bowman C. The relationship between nurse staffing and quality of care in nursing
homes: a systematic review. Int J Nurs Stud. 2011;48(6):732-750. doi:10.1016/j.ijnurstu.2011.02.014

4. Shin JH, Bae SH. Nurse staffing, quality of care, and quality of life in US nursing homes, 1996–2011: an
integrative review. J Gerontol Nurs. 2012;38(12):46-53. doi:10.3928/00989134-20121106-04

5. Bostick JE, Rantz MJ, Flesner MK, Riggs CJ. Systematic review of studies of staffing and quality in nursing
homes. J Am Med Dir Assoc. 2006;7(6):366-376. doi:10.1016/j.jamda.2006.01.024

6. Konetzka RT, Stearns SC, Park J. The staffing-outcomes relationship in nursing homes. Health Serv Res. 2008;
43(3):1025-1042. doi:10.1111/j.1475-6773.2007.00803.x

7. Lin H. Revisiting the relationship between nurse staffing and quality of care in nursing homes: an instrumental
variables approach. J Health Econ. 2014;37:13-24. doi:10.1016/j.jhealeco.2014.04.007

8. Harrington C, Schnelle JF, McGregor M, Simmons SF. The need for higher minimum staffing standards in U.S.
nursing homes. Health Serv Insights. 2016;9:13-19.

9. Gorges RJ, Konetzka RT. Staffing levels and COVID-19 cases and outbreaks in U.S. nursing homes. J Am Geriatr
Soc. 2020;68(11):2462-2466. doi:10.1111/jgs.16787

10. Tai TWC, Bame SI, Robinson CD. Review of nursing turnover research, 1977-1996. Soc Sci Med. 1998;47(12):
1905-1924. doi:10.1016/S0277-9536(98)00333-5

11. Castle NG, Engberg J. Staff turnover and quality of care in nursing homes. Med Care. 2005;43(6):616-626. doi:
10.1097/01.mlr.0000163661.67170.b9

12. Castle NG, Engberg J, Men A. Nursing home staff turnover: impact on nursing home compare quality measures.
Gerontologist. 2007;47(5):650-661. doi:10.1093/geront/47.5.650

13. Gandhi A, Yu H, Grabowski DC. High nursing staff turnover in nursing homes offers important quality
information. Health Aff (Millwood). 2021;40(3):384-391. doi:10.1377/hlthaff.2020.00957

14. Mukamel DB, Spector WD, Limcangco R, Wang Y, Feng Z, Mor V. The costs of turnover in nursing homes. Med
Care. 2009;47(10):1039-1045. doi:10.1097/MLR.0b013e3181a3cc62

15. CMS.gov. Five-star quality rating system. October 7, 2019. Accessed May 25, 2020. https://www.cms.gov/
Medicare/Provider-Enrollment-and-Certification/CertificationandComplianc/FSQRS

16. Medicare.gov. Find & compare nursing homes, hospitals & other providers near you. Accessed May 26, 2021.
https://www.medicare.gov/care-compare/?providerType=NursingHome&redirect=true#search

17. Geng F, Stevenson DG, Grabowski DC. Daily nursing home staffing levels highly variable, often below CMS
expectations. Health Aff (Millwood). 2019;38(7):1095-1100. doi:10.1377/hlthaff.2018.05322

18. Mukamel DB, Weimer DL, Shi Y, Ladd H, Saliba D. Comparison of consumer rankings with Centers for Medicare
& Medicaid Services five-star rankings of nursing homes. JAMA Netw Open. 2020;3(5):e204798. doi:10.1001/
jamanetworkopen.2020.4798

JAMA Network Open | Health Policy Daily Variation in Nursing Home Staffing and Its Association With Quality Measures

JAMA Network Open. 2022;5(3):e222051. doi:10.1001/jamanetworkopen.2022.2051 (Reprinted) March 14, 2022 11/12

Downloaded from jamanetwork.com by guest on 02/28/2024

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.1988.03410120089033&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.2051
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.1988.03410120089033&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.2051
https://dx.doi.org/10.1177/0733464808321596
https://dx.doi.org/10.1016/j.ijnurstu.2011.02.014
https://dx.doi.org/10.3928/00989134-20121106-04
https://dx.doi.org/10.1016/j.jamda.2006.01.024
https://dx.doi.org/10.1111/j.1475-6773.2007.00803.x
https://dx.doi.org/10.1016/j.jhealeco.2014.04.007
https://www.ncbi.nlm.nih.gov/pubmed/27103819
https://dx.doi.org/10.1111/jgs.16787
https://dx.doi.org/10.1016/S0277-9536(98)00333-5
https://dx.doi.org/10.1097/01.mlr.0000163661.67170.b9
https://dx.doi.org/10.1093/geront/47.5.650
https://dx.doi.org/10.1377/hlthaff.2020.00957
https://dx.doi.org/10.1097/MLR.0b013e3181a3cc62
https://www.cms.gov/Medicare/Provider-Enrollment-and-Certification/CertificationandComplianc/FSQRS
https://www.cms.gov/Medicare/Provider-Enrollment-and-Certification/CertificationandComplianc/FSQRS
https://www.medicare.gov/care-compare/?providerType=NursingHome&redirect=true#search
https://dx.doi.org/10.1377/hlthaff.2018.05322
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.4798&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.2051
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.4798&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.2051


19. Werner RM, Konetzka RT, Stuart EA, Polsky D. Changes in patient sorting to nursing homes under public
reporting: improved patient matching or provider gaming? Health Serv Res. 2011;46(2):555-571. doi:10.1111/j.1475-
6773.2010.01205.x

20. Werner RM, Norton EC, Konetzka RT, Polsky D. Do consumers respond to publicly reported quality
information? evidence from nursing homes. J Health Econ. 2012;31(1):50-61. doi:10.1016/j.jhealeco.2012.01.001

21. Mukamel DB, Weimer DL, Spector WD, Ladd H, Zinn JS. Publication of quality report cards and trends in
reported quality measures in nursing homes. Health Serv Res. 2008;43(4):1244-1262. doi:10.1111/j.1475-6773.
2007.00829.x

22. Mukamel DB, Spector WD, Zinn J, Weimer DL, Ahn R. Changes in clinical and hotel expenditures following
publication of the nursing home compare report card. Med Care. 2010;48(10):869-874. doi:10.1097/MLR.
0b013e3181eaf6e1

23. Tamara Konetzka R, Yan K, Werner RM. Two decades of Nursing Home Compare: what have we learned? Med
Care Res Rev. 2021;78(4):295-310. doi:10.1177/1077558720931652

24. Mukamel DB, Spector WD. Nursing home costs and risk-adjusted outcome measures of quality. Med Care.
2000;38(1):78-89. doi:10.1097/00005650-200001000-00009

25. Perraillon MC, Konetzka RT, He D, Werner RM. Consumer response to composite ratings of nursing home
quality. Am J Health Econ. 2019;5(2):165-190. doi:10.1162/ajhe_a_00115

26. O’Neill C, Harrington C, Kitchener M, Saliba D. Quality of care in nursing homes: an analysis of relationships
among profit, quality, and ownership. Med Care. 2003;41(12):1318-1330. doi:10.1097/01.MLR.0000100586.
33970.58

27. Comondore VR, Devereaux PJ, Zhou Q, et al. Quality of care in for-profit and not-for-profit nursing homes:
systematic review and meta-analysis. BMJ. 2009;339(b2732):b2732. doi:10.1136/bmj.b2732

28. Cohen J. Weighted kappa: nominal scale agreement with provision for scaled disagreement or partial credit.
Psychol Bull. 1968;70(4):213-220. doi:10.1037/h0026256

29. McHugh ML. Interrater reliability: the kappa statistic. Biochem Med (Zagreb). 2012;22(3):276-282. doi:10.
11613/BM.2012.031

30. DataNovia. Weighted kappa in R for two ordinal variables. Accessed July 20, 2021. https://www.datanovia.com/
en/lessons/weighted-kappa-in-r-for-two-ordinal-variables/

31. Mukamel DB, Amin A, Weimer DL, et al. Personalizing Nursing Home Compare and the discharge from
hospitals to nursing homes. Health Serv Res. 2016;51(6):2076-2094. doi:10.1111/1475-6773.12588

32. Castle NG, Engberg J. Organizational characteristics associated with staff turnover in nursing homes.
Gerontologist. 2006;46(1):62-73. doi:10.1093/geront/46.1.62

33. Zinn J. Commentary on nursing home staffing, turnover and case mix. Med Care Res Rev. 2003;60(3):
393-399. doi:10.1177/1077558703254696

34. Banaszak-Holl J, Hines MA. Factors associated with nursing home staff turnover. Gerontologist. 1996;36(4):
512-517. doi:10.1093/geront/36.4.512

35. Anderson RA, Corazzini KN, McDaniel RR Jr. Complexity science and the dynamics of climate and
communication: reducing nursing home turnover. Gerontologist. 2004;44(3):378-388. doi:10.1093/geront/
44.3.378

SUPPLEMENT.
eTable 1. Characteristics of Nursing Homes Associated With Daily Variation Measures Sensitivity Analysis: Total
Outlier Days/Low Outliers Days at Threshold of 30%
eTable 2. Weighted κ Statistic for Agreement Between Mean Staffing and Daily Staffing Variation: Sensitivity
Analysis With Measures Based on 30% Threshold
eTable 3. Characteristics of Nursing Homes Associated with CMS 5-Star Ranking: Staffing Sensitivity Analysis

JAMA Network Open | Health Policy Daily Variation in Nursing Home Staffing and Its Association With Quality Measures

JAMA Network Open. 2022;5(3):e222051. doi:10.1001/jamanetworkopen.2022.2051 (Reprinted) March 14, 2022 12/12

Downloaded from jamanetwork.com by guest on 02/28/2024

https://dx.doi.org/10.1111/j.1475-6773.2010.01205.x
https://dx.doi.org/10.1111/j.1475-6773.2010.01205.x
https://dx.doi.org/10.1016/j.jhealeco.2012.01.001
https://dx.doi.org/10.1111/j.1475-6773.2007.00829.x
https://dx.doi.org/10.1111/j.1475-6773.2007.00829.x
https://dx.doi.org/10.1097/MLR.0b013e3181eaf6e1
https://dx.doi.org/10.1097/MLR.0b013e3181eaf6e1
https://dx.doi.org/10.1177/1077558720931652
https://dx.doi.org/10.1097/00005650-200001000-00009
https://dx.doi.org/10.1162/ajhe_a_00115
https://dx.doi.org/10.1097/01.MLR.0000100586.33970.58
https://dx.doi.org/10.1097/01.MLR.0000100586.33970.58
https://dx.doi.org/10.1136/bmj.b2732
https://dx.doi.org/10.1037/h0026256
https://dx.doi.org/10.11613/BM.2012.031
https://dx.doi.org/10.11613/BM.2012.031
https://www.datanovia.com/en/lessons/weighted-kappa-in-r-for-two-ordinal-variables/
https://www.datanovia.com/en/lessons/weighted-kappa-in-r-for-two-ordinal-variables/
https://dx.doi.org/10.1111/1475-6773.12588
https://dx.doi.org/10.1093/geront/46.1.62
https://dx.doi.org/10.1177/1077558703254696
https://dx.doi.org/10.1093/geront/36.4.512
https://dx.doi.org/10.1093/geront/44.3.378
https://dx.doi.org/10.1093/geront/44.3.378

