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Abstract

Background: Nurses are pivotal in the provision of high quality care in acute hospitals. However, the optimal dosing of
the number of nurses caring for patients remains elusive. In light of this, an updated review of the evidence on the effect
of nurse staffing levels on patient outcomes is required.

Aim: To undertake a systematic review and meta-analysis examining the association between nurse staffing levels and
nurse-sensitive patient outcomes in acute specialist units.

Methods: Nine electronic databases were searched for English articles published between 2006 and 2017. The primary
outcomes were nurse-sensitive patient outcomes.

Results: Of 3429 unique articles identified, 35 met the inclusion criteria. All were cross-sectional and the majority
utilised large administrative databases. Higher staffing levels were associated with reduced mortality, medication errors,
ulcers, restraint use, infections, pneumonia, higher aspirin use and a greater number of patients receiving percutaneous
coronary intervention within 90 minutes. A meta-analysis involving 175,755 patients, from six studies, admitted to the
intensive care unit and/or cardiac/cardiothoracic units showed that a higher nurse staffing level decreased the risk of
inhospital mortality by 14% (0.86, 95% confidence interval 0.79-0.94). However, the meta-analysis also showed high
heterogeneity (1?=86%).

Conclusion: Nurse-to-patient ratios influence many patient outcomes, most markedly inhospital mortality. More
studies need to be conducted on the association of nurse-to-patient ratios with nurse-sensitive patient outcomes to
offset the paucity and weaknesses of research in this area. This would provide further evidence for recommendations of
optimal nurse-to-patient ratios in acute specialist units.
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Introduction

Over the past decade there has been a renewed focus on
what constitutes an adequate level of nurse staffing. This is
in part due to some spectacular failures that have occurred in
care provision for hospital inpatients leading to loss of
life.1? Organisations across countries have adopted different
approaches to managing the nursing workforce. In Victoria,
Australia, and California, USA, standardised and manda-
tory nurse staffing levels have been in place for over a dec-
ade. In the UK and Ireland there are national nurse staffing
recommendations, but these are not mandated by law.3-
Wales has a similar situation, they recently introduced the
Nurse Staffing Levels Act 2016; however, there are no man-
dated nurse-to-patient ratios (NPRs) only recommendations
to guide decisions about nurse staffing levels.® The notion of
an optimal level of nurse staffing is somewhat controversial
because there is no one-size-fits-all approach to assessing
staffing levels. This lack of clarity is further aggravated by a
lack of consensus about the most appropriate way of esti-
mating the size and mix of nursing teams because all meas-
urement approaches have limitations.*’

One of the challenges faced by managers responsible
for staffing is finding a way to understand the influence of
the multiple factors that make up each individual care
environment which are likely to differ across organisations
and countries. Donabedian grouped potential factors into
three broad domains: structural factors (the people, para-
phernalia and place that make up the healthcare delivery
system); processes of care (how care is done through the
interactions between health professionals and patients);
and subsequent outcomes (the end results of the care that
takes place in the context of the organisation).3

To determine nurse staffing levels, managers need to
understand the underlying determinants which are patient
factors (patient nursing need according to acuity and
dependency levels), ward factors (patient throughput) and
nursing staff factors (number and skill level).” Findings
from a systematic review and meta-analysis, now a decade
old, reported a significant association between increased
nursing staffing in hospitals and improved nurse-sensitive
patients outcomes.!® A more recent literature review by
Penoyer found an association between nurse staffing levels
and patient outcomes in the intensive care unit (ICU).!
However, their review only included studies from 1998 to
2008. In light of this an updated literature review is war-
ranted. This review will examine recently published studies
investigating associations between nurse staffing levels and
nurse-sensitive patient outcomes in acute specialist units.

Methods

To support the quality of the systematic review, a protocol
was developed based on the PRISMA statement.!2 The
review protocol was not registered.

Review objective

To identify studies conducted in acute specialist units,
which examine the association between nurse staffing lev-
els (NPRs) and nurse-sensitive patient outcomes (as
defined below).

Definitions

Nurse-to-patient ratio. NPRs are typically expressed in two
ways: the number of nurses working per shift or over a 24
hour period divided by the number of beds occupied by a
patient over the same time period; or the number of nursing
hours per patient bed days (NHPPD). There are other more
complex approaches to measure nurse staffing require-
ments but there is no single recommended approach.> Many
of the studies included in this review have determined
NPRs. A higher level of nursing staff indicates more nurses
(or higher proportion of nurses) for assigned patients.
Lower nurse staffing is defined as fewer nurses (or lower
proportion) for the number of assigned patients.!!

Moreover, little is known about how nurse staffing lev-
els are managed across hospitals in Europe. NPRs are eas-
ily and cheaply measured but it is a relatively blunt
instrument that can function as one indicator, and can be
triangulated with other measurement approaches to estab-
lish safe nurse staffing levels.

Nurse-sensitive patient outcome measures. The nurse-sensi-
tive patient outcomes measures included in this study were
based on adverse events from previous studies that have
been sensitive to changes in nurse staffing.!%!3 The nurse-
sensitive patient outcome measures we included were:
mortality, failure to rescue (FTR), shock (including sepsis
resuscitation), cardiac arrest, unplanned extubation, hospi-
tal acquired pneumonia, respiratory failure, surgical bleed-
ing, heart failure/fluid overload, catheter-associated urinary
tract infection, pressure sores, patient falls, nosocomial
bloodstream infection, medication error, length of stay,
hospital-acquired sepsis, deep vein thrombosis, central
nervous system complications, death, wound infection,
pulmonary failure, and metabolic derangement.

Search strategy

The search strategy was developed by the research team
with input from expert information technologists (see
Supplementary Appendix 1). Electronic databases and
grey literature were searched (Medline (OvidSP), Medline
in Process (OvidSP), CINAHL (Cumulative Index to
Nursing and Allied Health Literature) (EBSCO), PsycInfo
(OvidSP), Embase (OvidSP), HMIC (Health Management
Information Consortium) (OvidSP), Cochrane Database of
Systematic Reviews, Web of Science; Science Citation
Index Expanded (ISI Web of Knowledge), Web of Science;
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Social Sciences Citation Index (ISI Web of Knowledge),
Web of Science; Conference Proceedings Citation Index
— Science (ISI Web of Knowledge), Web of Science;
Conference Proceedings Citation Index- Social Science
and Humanities (ISI Web of Knowledge), Index to Theses,
Proquest Dissertations and Theses). A combination of key-
words was used and controlled vocabulary such as MeSH
(medical subject headings) when available. Search terms
included 18 terms on settings, i.e. coronary care, high
dependency, critical care, intensive care, cardiac ward,
intensive treatment unit and 17 terms relating to nursing or
manpower or skill mix, i.e. nurse staffing, nurse ratio,
nurse mix, nurse dose, nurse workload and 78 nurse-sensi-
tive outcomes, i.c. wound infection, pulmonary failure,
shock, pneumonia, length of stay, outcome, patient safety.
The search was limited to English language and conducted
from January 2006 to February 2017. Conference abstracts
and reference lists of included studies were manually
searched and additional studies identified.

Inclusion criteria

Following the literature search, a team of reviewers worked
in pairs to screen titles and abstracts independently accord-
ing to the inclusion criteria. Any disagreement between
reviewers was resolved by a third reviewer. Studies that
met the following inclusion criteria were included:

e Patients admitted to acute specialist units (e.g. inten-
sive therapy units/critical care/intensive care/coronary
care, high dependency, and cardiothoracic surgery
units, where a proportion of the nurses are required to
have a postgraduate critical care qualification) with
care provision for adults (over 18 years of age). Studies
with a mixed population ward were included.

e Investigating the effect of NPRs using either the
number of nurses divided by the number of patients
over 24 hours or the NHPPD.

e Published from January 2006 to February 2017 in
English.

e Quantitative methodology.

e Primary outcome measures:

o at least one nurse-sensitive outcome such as
mortality, FTR, shock, cardiac arrest, unplanned
extubation, hospital acquired pneumonia, res-
piratory failure, surgical bleeding, heart failure/
fluid overload/imbalance, urinary tract infec-
tion, pressure sores, patient falls, nosocomial
bloodstream infection, medication error, pain
control, unplanned readmission.

Data extraction

A tailor-made data extraction tool was developed a priori
and piloted and refined.

The tool included six screening questions to ensure
papers fit with the review inclusion criteria (see
Supplementary Appendix 2). Information was also extracted
from each study to record under the following headings:
bibliographic details; setting/country; study design; out-
comes, findings/conclusions and quality assessment.

Quality assessment

All included studies were assessed by the Newcastle—
Ottawa scale (NOS) to determine the quality of non-
randomised studies.!'* This tool was designed to facilitate
the incorporation of quality assessment into the system-
atic review. This tool has been used in previous Cochrane
reviews for assessment of risk of bias in non-randomised
studies. The content validity and inter-rater reliability of
this scale was previously established. The NOS consists
of eight items: representativeness of cohort, selection of
cohort, ascertainment of exposure, outcome of interest
was not present at baseline, comparability of cohorts,
assessment of outcome, length of follow-up and ade-
quacy of follow-up.!# Each item was awarded a ‘*’ for
meeting the criterion. A study was also awarded an addi-
tional “*’ if the analysis was adjusted for potential con-
founding variables. The quality of each study was graded
as low, medium or high according to the number of stars
(*). The quality assessment was conducted independently
by two reviewers. Disagreements were resolved by a
third reviewer.

Statistical analysis

As this systematic review involved cross-sectional studies
we used adjusted measures, as reported by authors, as the
primary effect measures to control for confounding when
it was available. Odds ratios (ORs) were used as an appro-
priate effect measure if available. Other effect measures
were: hazard ratios or risk ratios.

A meta-analysis was conducted on homogenous studies
using a random-effect model with inhospital mortality as
the primary outcome. In studies where patient-to-nurse
ratios were used, these were converted to NPRs by calcu-
lating the inverse ratio. The overall effect sizes will be pre-
sented in a forest plot. In studies in which a pooled
meta-analysis was unable to be performed, a narrative
analysis will be undertaken.

Clinical homogeneity was assessed in terms of study
cohort, hospital units, diagnosis and risk of bias. The 12
was also used to determine statistical heterogeneity. If 12
is greater than 40% a random effects model will be used.
A sensitivity analysis will also be conducted using a
fixed effects model to determine if the conclusions were
different.

Data analysis was conducted using Review Manager
version 5.3.15
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Figure |. Flow diagram of study selection.

Results

We identified a total of 4472 studies from the literature
search. After duplicates were removed, 3429 records were
screened using title and abstract. Of these, we identified 196
full-text articles for retrieval. We included 35 articles in the
final analysis (see Figure 1). Reasons for exclusion included
research relating to neonates, non-acute settings, no NPRs
and no nurse-sensitive patient outcomes being reported.

Description of studies

All of the 35 papers were cross-sectional studies except for
one point prevalence study. All of the studies had a large
sample size derived from administrative datasets (Table 1).
Fourteen studies were conducted in the USA/Canada/
Mexico, 17 studies in Europe, three studies in China and
one in Thailand. In terms of study setting, 11 studies
included patients throughout the hospital including critical
care, 19 studies restricted their cohort to ICUs only
(included cardiovascular patients), and five studies were in
specialist cardiac units.!6-46

Quality appraisal

The NOS consists of three principal domains: case selec-
tion, representativeness of cohorts, and measurement of

outcome. ' All 35 cohort studies met the criterion for repre-
sentativeness of cohort selection, five studies received one
star and 24 studies received two stars for comparability of
cohorts, 24 studies discussed outcome assessment and 35
studies defined their length of follow-up (Table 2).16-46

There were 24 studies that rated highly on the NOS for
assessing the quality of non-randomised trials (Table 2).
All of these studies controlled for several confounding fac-
tors in either their methodology or data analysis. The
majority of these studies adjusted for age, comorbidities
and hospital characteristics as potential confounders.
Seven studies were rated as low quality mainly due to the
lack of comparability of cohorts.

Nurse-to-patient ratios

Various approaches were used to measure NPRs. Schwab
et al. calculated the NPR per shift (number of nurses per
day/three (per shift)/number of patients per day) using
monthly census data.?® Other studies used similar approac
hes.1925:26.31.33.37 Several authors provided less detail about
how the NPR was calculated.!8-2830-32 Valentin et al. calcu-
lated both the NPR by shift and the occupancy rate (maxi-
mum number of occupied beds divided by allocated beds),
NPR for each shift in each unit and the relative turnover
(number of admitted and discharged patients divided by
the number of unit beds).*3 Cho et al. calculated the NPR
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Cho 2008 -0.0834 0.0227 23.9% 0.92 [0.88, 0.96] =
Cho 2009 -1.3471 05413 0.7% 026[008,075) —
McHugh 2016 -0.0513 00219 240% 0.95[0.91, 0.99) -
Metnitz 2009 -0.2614 0.0343 22.3% 0.77[0.72,0.82) -
Sakr 2015 -0.3711 01346 8.0% 0.69 [0.53, 0.90] I
Ywest 2014 -01054 004123 21.1% 0.90[0.83, 0.98] -
Total (95% CI) 100.0% 0.86 [0.79, 0.94] "
Heterogeneity: Tau®= 0.01; Chi®= 36.88, df= 5 (P < 0.00001); F= 86% 50 2 055 é 55
Test for overall effect: 2= 3.31 (P = 0.0009) ' Favouré LowNPR Favours High NPR

Figure 2. The effect of nurse-to-patient ratios (NPRs) on inhospital mortality.

based on the bed occupancy rate and then categorised it
into grades.?! Grade 1 indicated the number of beds per
nurse was less than 0.5 up to grade 9 when the ratio was
greater than 2.0. In Cho et al.,?0 the ratio of bed occupancy
rate to the number of full-time equivalent (FTE) nurses
was used for calculation. This bed occupancy rate was
extracted from the ICU survey data over a 3-month period.
Tourangeau et al. calculated the ‘nursing staff dose’ rather
than the NPR.#? This was calculated as the total nursing
worked hours divided by the sum of weighted patient cases
discharged from each hospital.

Stone et al. calculated the NHPPD from payroll and
ICU census data.*! Diya et al.22 calculated the NHPPD but
did not stipulate how this was calculated. Van den Heede
and colleagues*** calculated the NHPPD daily for each
ward. It was based on daily ward census data. A similar
approach was adopted by Shuldham et al.** and Hart and
Davis?? both of whom made the distinction between the
numbers of hours worked by permanent staff versus tem-
porary staff. Adjustment for staff sick leave and annual
leave was not always accounted for, suggesting that staff-
ing ratios may have been overestimated.!¢ Sometimes day-
to-day staffing levels were unobtainable in which case a
proxy of the highest NPR in a 24-hour period was used.!”

Nurse-sensitive outcomes

Mortality. There were 19 studies that examined mortality.
Thirteen studies had a primary outcome of inhospital mortal-
ity, one study examined 28-day mortality and five studies
examined 30-day mortality. Of the 19 studies, 10 were con-
ducted in ICUs, two studies in an acute cardiac unit, two in
the emergency department and seven studies recruited
patients throughout the hospital regardless of unit including
ICU/critical care units (CCUSs). Six studies reported ORs on
all-cause inhospital mortality of 175,755 patients admitted to
ICUs and/or cardiac/cardiothoracic units. 202129313746 A
meta-analysis was conducted on the six studies using a ran-
dom effects model. The pooled analysis showed that a higher
level of nurse staffing decreased the risk of inhospital mor-
tality by 14%, (95% confidence interval (CI) 0.79-0.94).
However, the meta-analysis also showed high heterogeneity

(12=86%), with one study showing a wide confidence inter-
val. The pooled analysis was influenced by four of the six
studies each ranging from 21% to 24%.2029:31.46

As the 1? was greater than 40% a sensitivity analysis
was performed using a fixed effects model. The pooled
analysis of the fixed effects model (OR 0.90, 95% CI
0.88-0.92) was similar to the random effects model (OR
0.86, 95% CI 0.79-0.94) despite the high heterogeneity.

Other nurse-sensitive outcomes

Fifteen studies examined the effect of NPRs on nurse-sen-
sitive outcomes other than mortality. Three studies exam-
ined mortality as a primary end point and nurse-sensitive
outcomes as their secondary end point.3*#4 However,
none of the studies combined all of the nurse-sensitive
patient outcomes, rather they typically selected three or
four outcome measures. Three studies conducted in CCUs,
reported an association between a higher number of
NHPPD?3*#! or a higher level of nurse staffing® resulting
in a reduction in events for nurse-sensitive patient out-
comes. Another study reported on medication errors and
found that as the number of nurses decreased, the OR for
parenteral medication errors increased, some of which
caused harm and death.®? A higher level of nurse staffing in
CCUs was associated with a lower incidence of pressure
ulcer development,?>#! use of physical restraints!¢ and
incidence of nosocomial infection?3%4! including late
onset ventilator assisted pneumonia.?® In the emergency
department, a higher level of nurse staffing increased the
prescribing of aspirin on arrival to the emergency depart-
ment and a percutaneous coronary intervention within 90
minutes of arrival.?’

Evidence was less clear in studies in which results were
combined across setting such as high dependency and
CCUs. One such study examined the association between
NPRs and a range of nurse-sensitive patient outcomes;
there were few significant results.** However, as the num-
ber of permanent staff compared to temporary staff
increased, the rates of sepsis decreased.* Hart and Davis
found that the use of agency staff was associated with a
higher incidence of hospital acquired pressure ulcers but
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only in medical surgical units rather than CCUs and coro-
nary care settings.?> A statistically significant association
was also reported between a higher level of nurse staffing
on the ward and CCU settings and lower rates of FTR.3
Three studies reported no association between NPRs and
nurse-sensitive patient outcomes, after adjusting for con-
founding variables.!”-304 Merchant et al. reported no asso-
ciation between NPRs and inhospital cardiac arrests rates.3°
Similarly Blot et al. reported no association between NPRs
and ventilator-associated pneumonia, after adjusting for
confounding variables.!” Due to the heterogeneity in out-
come measures no meta-analysis was performed.

Discussion

This analysis found that a higher level of nurse staffing
was associated with a decrease in the risk of inhospital
mortality (OR 0.86, 95% CI 0.79-0.94) and nurse-sensi-
tive outcomes. Due to the heterogeneity between studies,
particularly in NPRs, no recommendation can be made
regarding the optimal ratio required to improve patient
outcomes. However, studies do report the higher the level
of nurse staffing, the greater the reduction in inhospital
mortality. Unfortunately, all of these studies were cross-
sectional so no causal relationship can be determined. This
systematic review builds on work conducted previously by
Kane et al.!? who found a higher level of nurse staffing was
associated with a lower mortality in ICUs (OR 0.91, 95%
CI0.86-0.96), surgical wards (OR 0.84, 95% CI 0.8-0.89)
and medical wards (OR 0.94, 95% CI 0.94-0.95) per addi-
tional 1.0 FTE nurse per patient day.! Our meta-analysis
found a decrease in risk of 14% in inhospital mortality for
every additional one decrease in patient load over 24
hours. All of the studies included in the meta-analysis
rated high in the NOS quality assessment tool.

We also examined the effect of NPRs on nurse-sensitive
patient outcomes. There was a large degree of heterogene-
ity in the type of nurse-sensitive patient outcomes that
were measured as an end point so no meta-analysis was
conducted. Park et al. examined the effect of nurse staffing
and FTR rates.?> FTR rates were defined as mortality after
an adverse event associated with post-surgical complica-
tions. Park et al. analysed data from an administrative
dataset of 159 non-ICUs and 158 ICUs from 42 hospi-
tals.?> In ICUs, they found a higher number of NHPPD was
associated with a lower FTR rate (OR —0.022, 95% CI
—0.39 to —0.005 (adjusted)).’> Stone et al. also examined
the effect of NPRs on nurse-sensitive outcomes.*! These
outcomes included: central line bloodstream infections,
ventilator-assisted pneumonia, catheter-associated urinary
tract infection, 30-day mortality, and the presence of decu-
bitus pressure ulcers. Their sample consisted of 15,846
patients from 51 ICUs in 31 hospitals. Stone et al. found
that patients cared for with a higher number of NHPPD
were 68% less likely to experience bloodstream infections
(95% CI 0.15-0.17), 79% less likely to experience

pneumonia (95% CI 0.08-0.53) and there was a 31%
reduction in risk for a decubitus pressure ulcer (95% CI
0.49-0.98).4! Cardiac outcomes were also improved with a
higher level of nurse staffing. Every 10% increase in the
number of nurses was associated with a 7.1% increase in
prescribing of aspirin on arrival and a 6.3% decrease in
time for a percutaneous coronary intervention within 90
minutes of arriving in hospital.?’

O’Brien-Pallas et al. investigated the association of
NPRs with nurse-sensitive patient outcomes.?* Their out-
comes included: deep vein thrombosis, pressure ulcers,
falls with injury, medical errors with consequences, pneu-
monia, catheter-associated urinary tract infection and
wound infections. O’Brien-Pallas et al. analysed an admin-
istrative dataset of 1230 patients from 24 cardiac and car-
diovascular units from six hospitals.?? They calculated the
NPR as the average number of patients cared for daily by
anurse on day shift during the data collection period. They
found that for every additional patient per nurse, patients
were 22% less likely to experience ‘excellent or good
quality care’ and 35% more likely to experience a longer
than expected length of stay.3

Limitations/weakness of the evidence base

The results of this systematic review and meta-analysis
should be interpreted with caution. There were several limi-
tations associated with the review. Several studies combined
patients from non-specialist units with special units, which
may have skewed the results. Stone et al. conducted a sepa-
rate analysis for ICU and non-ICU units.*! They found that
in non-ICUs, NPRs were not statistically associated with the
rate of nurse-sensitive patient outcomes. However, there
was a reduction in the rate of nurse-sensitive patient out-
comes in patients in an ICU with a higher level of nurse
staffing.

There was also a large degree of heterogeneity in how
the NPRs were calculated. For example, Perez et al. did
not stipulate how they calculated the NPR,3¢ Van Den
Heede and colleagues calculated the number of NHPPD#445
and Cho and colleagues calculated the number of patients
per bed to total FTE 202!

Conclusion

This systematic review found that there may be an associa-
tion between a higher level of nurse staffing and improved
patient outcomes. For every increase of one nurse, patients
were 14% less likely to experience inhospital mortality.
More studies need to be conducted on the association of
NPRs with nurse-sensitive patient outcomes. However,
there needs to be greater homogeneity in the nurse-sensi-
tive end points measured and the calculation of the NPR.
Such metrics should not be used in isolation but can con-
tribute to a ‘triangulated’ approach to the decision-making
process about safe and sustainable nurse staffing levels.
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Implications for practice

A higher level of nurse staffing will lower the
risk of inhospital mortality. For every increase of
one nurse, patients were 14% less likely to expe-
rience inhospital mortality. In addition to nurse-
patient ratios, it is also important to incorporate
skill mix within a critical care unit particularly
when planning workforce shifts.

Patients will also be less likely to experience
an adverse event in units with a high nurse-to-
patient ratio. This has important implications for
clinical practice and the optimisation of patient
outcomes.

These studies highlight the need for some agree-
ment, at an international level, about the most
appropriate way to measure nurse staffing levels.
For many countries facing financial constraints
in healthcare delivery complex and expensive
techniques to address this challenge are unlikely
to be adopted.
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