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ABSTRACT

Background Matching demand and supply in
nursing work continues to generate debate. Current
approaches focus on objective measures, such as
nurses per occupied bed or patient classification.
However, staff numbers do not tell the whole staffing
story. The subjective measure of nurses’ perceived
adequacy of staffing (PAS) has the potential to
enhance nurse staffing methods in a way that

goes beyond traditional workload measurement or
workforce planning methods.

Objectives To detect outcomes associated with
nurses’ PAS and the factors that influence PAS and
to review the psychometric properties of instruments
used to measure PAS in a hospital setting.

Design and methods A scoping review was
performed to identify outcomes associated with

PAS, factors influencing PAS and instruments
measuring PAS. A search of PubMed, Cumulative
Index to Nursing and Allied Health Literature (CINAHL),
Business Source Complete and Embase databases
identified 2609 potentially relevant articles. Data were
independently extracted, analysed and synthesised.
The quality of studies describing influencing factors
or outcomes of PAS and psychometric properties of
instruments measuring PAS were assessed following
the National Institute for Health and Care Excellence
quality appraisal checklist and the COnsensus-based
Standards for the selection of health Measurement
INstruments guidelines.

Results Sixty-three studies were included, describing
60 outcomes of PAS, 79 factors influencing PAS and
21 instruments measuring PAS. In general, positive
PAS was related to positive outcomes for the patient,
nurse and organisation, supporting the relevance of
PAS as a staffing measure. We identified a variety

of factors that influence PAS, including demand for
care, nurse supply and organisation of care delivery.
Associations between these factors and PAS were
inconsistent. The quality of studies investigating the
development and evaluation of instruments measuring
PAS was moderate.

Conclusions Measuring the PAS may enhance nurse
staffing methods in a hospital setting. Further work
is needed to refine and psychometrically evaluate
instruments for measuring PAS.
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Strengths and limitations of this study

» This scoping review is the first to assess (1) the re-
lationship between nurses’ expert opinion of staff-
ing adequacy and outcomes, (2) factors influencing
nurses’ perceived adequacy of staffing, and (3) the
reliability and validity of instruments measuring per-
ceived adequacy of staffing.

» The literature search was extensive, and designed
and conducted with the help of a clinical librarian.

» Study selection, data extraction and quality apprais-
al of included studies and instruments were per-
formed by two researchers.

» Limitations of this review include the potential that
we have missed original literature on influencing
factors or outcomes, because we excluded grey lit-
erature and qualitative studies.

INTRODUCTION

Since the early 1970s, both researchers and
practitioners have been searching for the best
way to match demand for nursing work with
nursing supply. Societal developments have
made adequate staffing more relevant today
than ever. Driven by an ageing population
and technological progress, demand for care
is rising. At the same time, the WHO expects
a worldwide shortage of over 7million nurses
and midwives by 2030,' putting continued
pressure on staff. Previous research has indi-
cated an association between nurse staffing
levels and nurse-sensitive outcomes such as
mortality, adverse events, fall rates, failure-to-
rescue and missed care.”™ Inadequate staffing
is also related to burn-out and job dissatisfac-
tion among nurses.” Not only quantity but
also quality in terms of skill mix matters; a
higher proportion of registered nurses (RNs)
is associated with better outcomes.’ ” Inad-
equate staffing ultimately threatens safety,
quality, affordability and accessibility of
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care. Therefore, a thorough understanding of staffing
adequacy is needed.

The concept of adequacy of staffing can be divided
into ‘staffing” and ‘adequacy’. ‘Staffing’ has been defined
in multiple studies. Jelinek and Kavois® defined nurse
staffing as the process of determining the appropriate
number and mix of nursing resources necessary to meet
workload demand for nursing care at the unit or depart-
mental level. Burke et af’ described hospital staffing as
determining the number of personnel with the required
skills to meet predicted requirements. Both of these defi-
nitions include balancing demand for nursing work with
the adequate number and skill mix of nurses. Adding the
word ‘adequacy’ to the concept of staffing, the meaning
shifts from the process of staffing to a condition in which
staffing is adequate. The American Nurse Association
defined staffing adequacy as a match between RN exper-
tise and recipient needs within the practice setting,'’ but
details on what this match entails were omitted. Kramer
and Schmalenberg'' asked nurses if their staffing was
adequate and received ambiguous answers: ‘That depends
—adequate for what? Safe care to all patients? (...) Quality
care? (...) Or comprehensive care?’ (p.194).

In the absence of an explicit clarification of what
adequate staffing means,'” nurses and managers continue
to search for staffing measures that can objectify staffing
requirements.”” These measures need to facilitate
different interrelated staffing decisions, for example,
how many nurses to employ, staff-shift schedule, nurse
roster and nurse-ward allocation."* Many workload and
resource planning tools are available related to demand
for nursing work, resource planning and workload
evaluation.

Demand for nursing work

Demand for nursing work has been estimated by a
volume-based approach, that is, patient counts multi-
plied by an administrative measure of work. This has
been expressed as the nursing hours per patient day
(HPPD),"” nurse-to-patient ratios® and full-time equiv-
alent numbers.' These have been criticised as measures
for staffing decisions because different patient needs are
ignored.'® The workload-based approach takes different
patient care requirements into account and is categorised
into activity-based and dependency-based methods."”
The activity-based method is based on how long nursing
tasks take and the dependency-based method relies on
patient classification of patients’ needs based on indica-
tors, based on which the amount of nursing time can be
derived. Disadvantages of the workload-based approach
include lack of reliability, validity and flexibility, and the
need for time-consuming manual registration.'”?

Resource planning tools

Other resource planning tools indirectly measure
adequacy of staffing by quantifying demand and supply.
One example is the RAFAELA patient classification
system.”” It estimates optimum levels of nursing intensity

by balancing demand for care with nursing resources
available. The tool is used on a large scale in Finland,
but preimplementation in the Netherlands encountered
issues of validity and acceptability.Ql

Workload evaluation tools

Other workload tools evaluate nurses’ workload. Tools
to evaluate workload can be objective indirect measures
of mental workload, such as brain activity and cardiac
responses, or subjective tools such as the NASA Task Load
Index and the Subjective Workload Assessment Tech-
nique.” These subjective instruments involve short ques-
tionnaires with items that reflect experiences (eg, mental
demand, physical demand, temporal demand). Those
type of measures are commonly used to evaluate workload
or validate measures of staffing requirements,"” reflecting
on a broader definition than adequacy of staffing.

In 2010, Fasoli and Haddock'® reported reliability and
validity issues with the available workload measurement
systems. Nine years later, another review' concluded that
available systems were still highly uninformative. Scien-
tists dispute whether nursing work can be accurately
quantified. Hughes® states that ‘it appears that nursing is
more concerned with knowledge processing and nurses’
intentions than just with the activities of caring’ (p.317).
Griffiths et al'® describe that ‘there is a limit to what can
be achieved through measurement, both because of the
fallible nature of the measures, but also because of the
complex judgements that are required’ (p.9). In the
absence of applicable tools, professional judgement was
identified as the nearest to a gold standard workload
measurement. '

Professional judgement

The match between nurse demand and supply can be
measured using the nurses’ perceived adequacy of staffing
(PAS). This measure relies on nurses’ expert opinion
in which nurses take the unquantifiable fluctuating
patient needs and context and situation into account in
assessing adequacy of staffing.** This direct approach to
measuring adequacy of staffing contrasts traditional tools
that measure staffing adequacy according to demand
and supply. Nurses’ perceptions have been accepted as
a significant indicator of quality of care,” while nurse-
perceived quality of care was highly associated with
objectively measured nurse-sensitive outcomes, showing
the validity of the measure.” Regarding nurse staffing
tools, relying on nurses’ perceptions is less common as
most approaches attempt to objectify staffing needs."
However, a reliable and valid measure of PAS may be the
optimal approach to helping head nurses and managers
make nurse staffing decisions. A positive association
of PAS with outcomes for patient, staff and organisa-
tion enables evidence-based staffing decision making.
Staffing adequacy can potentially be predicted by associ-
ating structure and process factors of PAS. Data science
techniques may minimise nurse effort by analysing these
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factors in hospital information systems. However, these
techniques have not been explored in nurse staffing
literature.?®

The concept of PAS potentially enhances nurse stafting
methods, going beyond traditional workload measure-
ment or workforce planning tools.

To explore this alternative to objective workload
measurement tools, we conducted a scoping review
to study the potential relevance of nurses’ PAS in the
setting of hospital wards. We asked the following research
questions:

1. How is PAS associated with outcomes for the patient,
nurse and organisation?
2. Which factors influence PAS?

If these findings show PAS to be a potentially relevant
measure for a new staffing method, we will go on to
answer the following research questions:

3. Which PAS measurement instruments are available in
the literature?
4. Whatis the reliability and validity of those instruments?

METHODS

We followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses—Extension for Scoping
Reviews checklist and guidelines to ensure our review was
robust and replicable.” We did not publish a protocol for
this review.

Search strategy

PubMed, CINAHL, Business Source Complete (through
EBSCOhost) and Embase were searched from incep-
tion to November 2019. The following free-text and
database subject headings were combined to search for
peerreviewed articles: nursing staff, nurses, nurse, staffing
adequacy, inadequate staffing, staffing inadequacy, adequate
staffing, requirements for nursing resources, attitude of health
personnel, perception and perceive, and truncation symbols,
for example, nurs*, were used if suitable. Addition-
ally, we screened reference lists of included studies and
reviews on nurse staffing for other relevant studies. No
limits regarding publication status, date or language were
imposed. The complete search strategy for each database
is presented in online supplemental appendix 1. The
search was designed and conducted with the help of a
clinical librarian.

Study selection

References from the databases were combined and down-
loaded into a reference manager, and duplicates were
removed. Articles were screened in two phases. First, two
reviewers (CM and CO) independently screened all titles
and abstracts and selected articles that met the inclusion
criteria (table 1). For the measurement instruments that
were applied, the primary development and evaluation
study was included. The screening resulted in a Cohen’s ¥
of 0.80. Disagreements about inclusion of studies between
the two reviewers (CM and CO) were resolved by discus-
sion. Next, full-text versions were independently screened
by the two reviewers and excluded if articles did not meet
the inclusion criteria (table 1). Authors were contacted
for irretrievable articles.

Data extraction

Data were independently extracted by two reviewers (CM
and CO) using a predefined, structured data abstraction
form. The form included the author, year of publica-
tion, country, journal, aim, research design, population,
test setting, sample size, staffing measures, instruments
(including subscales), measurement type, validity, reli-
ability, associations between PAS and outcomes, and
associations between influencing factors and PAS. Full
details of associations were documented and expressed
as correlation coefficients (1), B-coefficients (f) derived
from linear regression analysis or ORs derived from
logistic regression analysis, including their p values and
95% Cls. We also documented whether the associations
were corrected for other factors by multivariate analysis.

Quality assessment
Quality of the study outcomes associated with PAS and
the factors influencing PAS were evaluated according
to the National Institute for Health and Care Excel-
lence quality appraisal checklist for quantitative studies
reporting correlations and associations,” adapted from
Griffiths et al”® The checklist assesses bias across four
categories—population, confounding factors, measures
and analyses—using five response options (++, +, -, not
reported, not applicable). The resulting score indicates
whether the external validity (ie, the generalisability) and
the internal validity (ie, the validity of the associations)
are strong, moderate or weak.

The methodological quality of the included PAS
instruments was appraised using the COnsensus-based

Table 1

Inclusion and exclusion criteria for primary screening

Inclusion

Exclusion

Studies including front-line nurses in hospitals

Studies using PAS to evaluate nurse staffing

Systematic reviews, qualitative studies, columns,
newspaper or opinion articles, conference abstracts

Studies developing or evaluating an instrument for measuring PAS

PAS, perceived adequacy of staffing.
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Standards for the selection of health Measurement
INstruments (COSMIN) Risk of Bias checklist.?® ®! This
checklist, which has been developed to assess the meth-
odological quality of patient-reported outcome measure
studies, is suitable for assessing the risk of bias of PAS
instruments. Instrument development, structural validity,
internal consistency and other measurement properties
in the included studies were assessed. Quality was judged
as very good, adequate, doubtful or inadequate, and the
overall quality was the lowest item rating in the COSMIN
boxes.”’ Measurement properties were rated sufficient
(+), insufficient (-) or indeterminate (?) following the
criteria for good measurement properties.”’

Quuality was appraised by one reviewer (CM) and cross-
checked by a second reviewer (CO). Disagreements
between reviewers were solved by consensus.

Data analysis

Outcomes for each research question were summarised.
With regard to the influencing factors and outcome
studies, variables analysed by t-tests, (multivariate) anal-
ysis of variance ((M)ANOVA), x2, correlation or regres-
sion were judged significant if the value of p was <0.05 or
their CI did not enclose the value of 0 or 1. We judged the
structural validity and internal consistency of measure-
ment instruments based on the original development
study.

Data synthesis
Data for outcomes/influencing factors and measure-
ment instruments were structured separately. The
structure-process-outcome model™ was used to struc-
ture the influencing factors and outcomes. Influencing
factors are factors related to (1) Structure, that is, the
physical and organisational context of care delivery,
and (2) Process, that is, the technical and interpersonal
process of care delivery. Outcomes reflect the impact of
those factors demonstrating the result of structure and
process. Following the patient care delivery model,” the
influencing factors and outcomes of PAS were clustered
into patient, staff and organisation categories. Models
including PAS as a dependent variable are described
separately.

Both single-item and multi-item measurement instru-
ments were included.

Patient and public involvement
No patient was involved.

RESULTS

Study selection and characteristics

The search identified 3120 studies. After removing dupli-
cates and screening titles and abstracts, 135 eligible studies
were included for full-text review, including 6 studies that
were identified in the reference lists of included studies.
Full-text review excluded a further 59 studies. The main
reasons for exclusion were no instrument development

or associations with influencing factors or outcomes
(24/59), no measurement of PAS (10/59) and staffing
measures that were not PAS (8/59). For 13 studies, the
full text was not available and the authors did not respond
to our request for the full text. In total, 63 studies were
included in the analysis (figure 1).

The included studies (tables 2 and 3) were published
between 1975 and 2019 worldwide. Most studies (28/63)
were carried out in North America,11 23459 95 studies were
conducted in Europe,ﬁo_84 5in Asia,&r'_89 4 in Oceania” ™
and 1 in multiple continents.”*

Fifty-two  studies  included  outcomes  influ-
enced by PAS or factors that influence
PAS. 2487 3789 40 4247 49 52-54 56-60 62 63 65-94 Ty 1o ome studies
described the development and evaluation of PAS
instruments, |1 3 36 38 41743 44 46 48 50 51 54-56 58 61 64 82 86 87 91

Forty-nine studies used a cross-sectional research

. 2 —. -5 5 3 65 ¢
design,2* 35 37 39 40 4247 52-54 56 57 59 60 62 63 6576 T894 o,
studies used a longitudinal research design® ”” and one
study used a crosssectional and longitudinal design.™
Complete extracted outcomes and influencing factors are
provided in online supplemental appendix 2.

Quality assessment of studies investigating influencing
factors and outcomes

The methodological quality of most studies was moderate
to good (table 4). We revealed serious methodological
flaws (weak internal and external validity) in six studies.
The risk of bias was increased by cross-sectional research
designs, omitting confounding factors, and the lack
of multilevel studies and objective measures. External
validity was weak because the source population was not
clearly described and because of the use of single sites. An
overview of the compete quality appraisal is presented in
online supplemental appendix 3.

Outcomes influenced by PAS

Our first research question was to explore the associations
between PAS and outcomes for the patient, nurse and
organisation. Sixty outcomes were found to be influenced
by PAS—27 of these were patientrelated, 26 were nurse-
related and 7 were organisation-related (table 2). Job satis-
faction was investigated in nine studies,*® *0 475260 72586
quality of care in ei%ht studies,* *7 6072 75 85 86 94
four studies,71 777 and missed Care,40 62 87
exhaustion,” ®* ™ and occupation dissatisfaction
three studies. Forty-nine outcomes were investigated in
two or fewer studies. Most outcomes were positively asso-
ciated with PAS.

Associations with PAS were found for the patient
outcomes pain,* pressure ulcers** and patient-centred
care.”” Williams and Murphy** asked nurses to rate 10
aspects of care, (including basic hygiene, feeding and
medication) from poor to good in six units. Scores for
each category were generally higher when staffing was
adequate, but results were inconsistent within individual
units. Patient safety associated positively with PAS in all
studies” ™ 77 except for one,” which reported mixed

safety in

emotional
39 |4 7?' .
52 75 in
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Records identified through data searching Additional records (n=6)
s (n=3120)
=]
©
p PubMed n=1417
= Embase n=293
3 CINAHL n=1395
- Business Source Complete n=15
I
v
Records after duplicates removed
(n=2609)
1)
£
: |
[}
9]
3]
2] Titles and abstracts of records screened Records excluded (did not
(n=2609) .| meetcriteria) (n=2474)
A 4
g No access (n=13) Full-text records assessed for eligibility Full-text records excluded with reasons (n=59)
3 . (n=122) .
20 d "| No instrument development or associations
w with influencing factors or outcomes n=24
No measurement PAS n=10
Other staffing measures than PAS n=8
Measure of care demand n=4
A4 Measure of staff supply n=4
E Studies included (n=63) Research setting not in scope n=4
3 Target population not in scope n=2
2 Qualitative studies n=2
- Erratum n=1
Figure 1 Flow diagram of the search and selection process.

results. Associations with PAS were also mixed for adverse
events,87 infections,49 ™ survival,73 patients' ability to
manage care after discharge,76 communication with
nurses* ¥ and missed care.* ** %8 Cho ¢ al’” found
that missed communication and basic care mediate
the association between patient-perceived staffing and
adverse events and communication with nurses.

PAS had a personal effect on nurses. It affected job
satisfaction,39 464752 66 7275 78 86 burn—out,78 8 effort-reward
imbalance,” depersonalisation, personal accomplish-
ment,68 feelings of being a safe practitioner and work-
place cognitive failure,”” psychosocial attention,” and
change efficacy.®’ The reported effects of satisfaction
with the occupation,® **” intention to leave the occupa-
tion,76 intention to leave employment,80 868991 cmotional
exhaustion,® ® 7 depressive symptoms,” pain,” blood
pressure and total cholesterol level® were inconsistent.
Pain in the neck, shoulder, arm, lower extremities and
musculoskeletal system® as well as low-density lipoprotein
cholesterol levels®™ and change commitment® were not
influenced by PAS.

PAS affected organisational outcomes, including
nurses’ turnover,42 47 absenteeism,45 quality of nursing73
and quality improved within the last year.75 Mixed results
were reported for quality of care.” 76 T2TE85 869 patients’
hospital rating was associated with patient-perceived
staffing adequacy but not with nurse-perceived staffing

adequacy.87 Anzai et al” found no association between
PAS and nurses’ ability to provide quality nursing care.

Influencing factors of PAS
For the second research question, we identified the struc-
tural and process factors that influence PAS.

Structural factors

Fifty-two structural factors that influence PAS were iden-
tified. These were categorised into demand for care (11
factors), nurse supply (30 factors) and organisation of
care delivery (11 factors). The setting type was inves-
tigated in seven studies** ¥’ 7085819192 and patients-per-
nurse in three studies.* % The remaining 50 factors
were investigated in two or fewer studies. Associations
were mainly positive, that is, higher scores on structural
factors led to more positive PAS.

With regard to demand for care, no consistent results
were found for factors associated with PAS. Incon-
sistent results were found for census,® * number of
maximum care patients43 and patient classification cate-
gory.* ?* % New admissions, transfers, discharges, post-
operative patients, specialised nursing procedures® and
crowding scores in the emergency department’ were not
related to PAS.

Nurse supply factors influencing PAS were full-time
equivalent RNs per patient daly,58 HPPD,24 nursing hours,43
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Table 4 NICE quality appraisal checklist®® adapted from Griffiths et al®

Criteria Weak Moderate  Strong
Section 1: Population

1.1 Is the source population or source area well described? 15% (8) 42% (22) 42% (22)
1.2 Is the eligible population or area representative of the source population or area? 19% (10) 44% (23) 37% (19)
1.3 Do the selected participants or areas represent the eligible population or area? 8% (4) 50% (26) 42% (22)
Section 2: Confounding factors

2.1 How well were likely confounding factors identified and controlled? 38% (20) 19% (10) 42% (22)
Section 3: Measures

3.1 Were the main measures and procedures reliable? 2% (1) 85% (44) 13% (7)
3.2 Were the outcome measurements complete? 0% (0) 50% ((26) 50% (26)
Section 4: Analyses

4.0 Study design and analyses 92% (48) 8% (4) 0% (0)
4.1 Was the study sufficiently powered to detect an effect (if one exists)? 8% (4) 23% (12) 69% (36)
4.2 Were the analytical methods appropriate? 37% (19) 46% (24) 17% (9
4.3 Was the precision of association given or calculable? Is association meaningful? 8% (4) 19% (10) 73% (38)
Section 5: Summary

5.1 Are the study results internally valid (ie, unbiased)? 27% (14) 40% (1) 33% (17)
5.2 Are the findings generalisable to the source population (ie, externally valid)? 15% (B8) 37% (19) 48% (25)

NICE, National Institute for Health and Care Excellence.

patients—per—nurse,24 9 86 (RN) skill mix,** *® educa-
tional level,83 assistive pelrsonnel,59 causal/relief staff,%
mental stress,69 % hurses’ psychological capital46 and
life orientation.”” Mixed results were reported for staff
hours available,44 presence of students,69 % nursing
role,67 8 gender,75 8 work experience75 8390 and nurses’
work Capacity.69 % Nursing HPPD, non-RN HPPD,24 59
temporary nursing-care HPPD,49 age75 8 and part-time
nurses”” were not related to PAS. Louch et al’” found that
levels of agreeableness and conscientiousness moderated
the association between PAS and whether nurses feel they
can act as a safe practitioner, and that emotional stability
moderated the association between PAS and patient
safety.

Organisation of care delivery factors unit size, number
of beds and number of high-technology hospital services™®
affect PAS. Spence et al® reported that organisation of the
clinical manager’s work and the shift schedules was the
most important of nine factors that increase workload.
In contrast, Rauhala and Fagerstré')m69 found no rela-
tionship between managerial planning, work organisa-
tion, work rota planning and Professional Assessment of
Optimal Nursing Care Intensity Level (PAONCIL) Scores.
Mixed results were found for the setting,44 4775 85 8491 92
case mix index,‘ﬁ'8 % and meetings and training during
shifts.®” * Substitute resources did not correlate with
PAONCIL Scores.”

Process factors
Twenty-seven process factors were investigated in relation
to PAS. Most process factors were positively associated

with PAS, that is, higher process factor values were related
to more positive PAS.

Teamwork was investigated in three studies, and other
factors were examined in two or fewer studies. Ward
morale,85 error reporting culture, governance, nurse
participation in hospital affairs, nurse manager ability,
leadership and support, foundations for quality nursing
czure,é'}8 trust, shared mental models, team leadership,
backup,37 ™ structural empowerment,46 nurses’ feeling of
respect,56 organisational and professional commitment,
professional practice climate,47 and unexpected rise in
patient volume or acuity,5g all influenced PAS. An increase
in positive patient perceptions of staffing was related to
an increase in positive perceptions of nurse stafﬁng.87
Intraprofessional and interprofessional cooperation69 8890
and teamwork® ®” ™ showed inconsistent associations with
PAS. The perceived influence of nurse leaders was associ-
ated with PAS in four out of six leadership domains.® PAS
was not associated with role support.93

Models

Three studies explained PAS using regression models.
Kalisch et af” reported four different models with vari-
ables HPPD, case mix index, nursing education, unex-
pected rise in patient volume and acuity, and inadequate
number of assistive personnel. The model including all
variables explained most variance in PAS (33.8%). Mark
et al® studied three models explaining between 33% and
51% of the variance in PAS. Patient technology, number
of beds, growing admissions, and case mix index were
relevant in all three models. Rauhala and Fagerstrom®
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built models for 22 wards including patient classification
and non-patient questions as independent variables. The
median variance explained by patient factors alone was
45%. Adding non-patient factors increased the median
variance to 55%, indicating that patient factors contrib-
uted to PAS more strongly than non-patient factors did.

Measurement instruments of PAS
The third research question investigated instru-
ments used to measure the PAS. We found 21 studies
that  described PAS measurement instruments
(table 3),11 3436384143 4446 4850 51 54-56 58 61 648286879191 ) ¢
which were found in the development studies. Most instru-
ments were developed in the last two decades, except for
two that were developed in the 1970s.*** Most instruments
(12/19) were developed in the USA, ' 74503841 4344485154558
The measurement aim, items and response options
of the different instruments varied considerably. Instru-
ments with a direct practical purpose of balancing nurse
demand and supply were the head nurse questionnaire,*’
PAONCIL,64 assessment of real-time demand for the
emergency department” and the unit staffing/care evalu-
ation form.*™ These instruments are used on a daily basis.
PAS is measured in the different questionnaires by
single items,® 38 4446 48 5456 58 64 8286 87 1) il jrems ™ 9!
and multi-item subscales to evaluate safety culture® and
nursing work environment.'' #5516 §ome items assess
the adequacy of staffing numbers (eg, ‘Enough staff to
get the work done’), 0 11 4346 5155 61 8286 8791 g gome
assess the skill mix (eg, ‘Enough registered nurses on
staff to provide quality patient care’).*' ** 051 9191 gome
instruments attempt to specify the purpose of adequate
staffing (eg, adequate ‘for quality care’,'! 1 21 90 618657 <
handle the workload’,”® * ‘to meet your patient/clients'
needs’,**?! ‘to get the work done’*' *!®" and ‘to maintain
patient safety’””’) while other instruments just measure
adequacy of staffing without specifying what this

entails 38 444858 82

The target respondents of all instruments are
nurses in general, head nurses,43 critical care
nurses,”’*" charge nurses* or new graduates.*® One study
asked both nurses and patients to assess PAS.*” Most
instruments used a 4-point or 5-point Likert
Seale, ! 3436 38 41 43 44 46 48 50 51 55 56 58 61 82 86 87 91 p oy o o
demand for the emergency department’™ was assessed
using a dichotomous scale: exceed or not exceed. The
PAONCIL includes a 7-point scale, and estimates can be
made with an accuracy of 0.25 points.**

Reliability and validity

The fourth research question assessed the reliability and
validity of PAS measurement instruments. We found meth-
odological flaws in most studies. With regard to the single-
item instruments, construct validity of PAONCIL was
tested by hypothesising a correlation between PAONCIL
scores and patient classification scores.” No other studies
of single-item or multi-item measures reported reliability
or validity testing. The Nursing Work Index - Revised

development study did not use a staffing subscale,” so
we could not assess psychometric properties. For the
remaining six subscales,'’ *' **°1 % %! the methodological
quality of structural validity and internal consistency were
adequate, except for structural validity of the American
Association of Critical-Care Nurses Healthy Work Envi-
ronment. However, while internal consistency was suffi-
cient in most studies, structural validity was sufficient in
only one study.

DISCUSSION

Our scoping review found that mostly positive percep-
tions of staffing adequacy (measured using the PAS) are
related to positive outcomes for patient, nurse and organ-
isation, confirming the importance of the measure. We
identified many factors that influence PAS, but the asso-
ciations were inconsistent. Twenty-one instruments were
identified that measure PAS, and these different instru-
ments had different measurement aims.

Most studies reported that positive perceptions of
staffing adequacy are related to positive outcomes for
the patient, nurse and organisation. Effects on patient
outcomes were inconsistent, mainly because of severe
methodological flaws in one study."* The positive rela-
tionship between staffing and outcomes was confirmed
by different staffing measures, such as nurse-to-patient
ratios."” ®° However, studies explained more of the vari-
ation in patient outcomes of PAS than staffing measures
such as nurse-to-patient ratios and HPPD,** * indicating
the informative value. Kalisch et af’ found moderate
correlations between nurse-reported staffing adequacy,
nurse-to-patient ratios and nursing HPPD, clarifying that
these measures ‘may capture different elements of the
unit context to explain nurse staffing’ (p.775). It seems
that adequate staffing depends on more than just staff
numbers and skill mix elements, and that nurses take these
additional factors into account when assessing PAS.** °
In agreement with this, we identified many factors that
influence PAS in the present study, including demand
for care, nurse staffing, and organisation and process
factors. Whether outcomes are improved by objective
measurement of workload on a daily basis is unclear.
The RAFAELA system has provided some evidence that
patient safety and mortality are associated with workload
level.”” Our finding that measuring the PAS is associated
with positive outcomes indicates that measuring the PAS
will strengthen nurse staffing tools, which will in turn
improve staffing decisions. Measuring the PAS was also
found to be relevant in research areas other than nurse
staffing. For example, PAS was one of the eight essential
factors of magnetism. Magnetism refers to elements that
are essential for a work environment that can attract and
retain nurses while providing a high level of job satisfac-
tion and quality of care.”

We identified a variety of factors that influence PAS, but
were unable to define a valid set of factors that were rele-
vant to nurse staffing. Most factors were investigated in

18 van der Mark CJEM, et al. BMJ Open 2021;11:6045245. doi:10.1136/bmjopen-2020-045245

* (s3gv) Jnauadns juswaublasug
| 8p anbiyde.bollgig sousby 1e 5zoz ‘T aunr uo /wod [wq uadolway/:dny wouy pspeojumoq "T20Z IMdY 0Z U0 G2Sy0-0202-uadolwa/9eTT 0T se paysiignd 1su1y :uado CING

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold


http://bmjopen.bmj.com/

one study and results were inconsistent between studies.
There appear to be many factors affecting PAS, including
patientrelated and nurse-related factors and how care
delivery is organised. Factors related to the work environ-
mentwere also important, such as cooperation, leadership
and teamwork. This is in agreement with other studies
of factors that influence demand for care.” % Hence,
patient, nurse and organisation factors were recom-
mended to consider in a staffing model.'"”" Nurses have
disputed traditional instruments for measuring workload
because they involve time-consuming manual registra-
tion and cannot forecast staffing adequacy.'”™? 96 100 103
Including influencing factors in a staffing model can solve
these issues, enabling decision makers to align nursing
resources in a timely fashion. The study by Trivedi and
Warner'** was one of the first attempts to predict staffing
adequacy using data. They designed a multivariate regres-
sion model that predicted head nurse perceptions of
staffing adequacy and used this model to allocate float
nurses at the beginning of the shift. Nowadays, more
advanced techniques are available. Machine learning
and artificial intelligence can be used to analyse hospital
data and potentially explain and forecast PAS, supporting
staffing decisions. These methods are a prerequisite for
reliable and valid measurement of PAS.

Most of the PAS measurement instruments we found
were single items, and they did not include psychometric
testing. However, multiple psychometric tests can be
performed on single items, including tests for content
validity, inter-rater variability and responsiveness.'”
Although a single item is suitable in some situations,'*®
multiple items are more reliable. Multiple items should be
used for complex constructs as they define the meaning
of the construct for the rater.'”” Kramer and Schmalen-
berg found that multiple items are needed to measure
PAS.'"7 However, the downside of administrative burdens
have been shown to inhibit successful implementation.?'
Most relevant shortcomings of multiple-item instruments
of PAS are a lack of information on subscale development,
omitting to fully determine structural validity by confir-
mative factor analysis and confirm other psychometric
properties such as reliability, criterion validity, hypothesis
testing, measurement error and responsiveness.

Overall, development and evaluation of PAS instru-
ments has been moderate; this reflects the varying use of
the measure. There is no established definition of staffing
adequacy. Most instruments reflect the adequacy of staff
numbers, and some include skill mix (which is becoming
increasingly relevant).”'” In addition, the measurement aims
differ between instruments. For some measurements such as
safety” and work environment,” *! it is sufficient to grade
adequacy of staffing, while for nurse staffing decision making
understaffing or overstaffing need to be graded. Moreover,
instruments measure PAS by referring to the adequacy of
full-ime equivalent numbers'" or team composition.”' This
tactical/strategic decision level of staffing differs from instru-
ments on operational decision levels of capacity manage-
ment, where decisions involve the staff schedule of a specific

shift. Just as for workload measurement tools,'” the decisions
supported by the PAS instrument are mostly unspecified. As
a result, there are a variety of available instruments, so prac-
tical use of PAS in the nurse staffing process is still limited.
Decision makers continue to search for objective staffing
measures and rely only moderately on nurses’ opinions, so
there is still a significant gap between managers and nurses
in daily operations.

Strengths and limitations

The strengths of our review includes that our review was set
up systematically and assessed the quality of included studies,
something which is not mandatory for a scoping review.""”
But, there are some limitations to our study. First, we were
unable to assess the full text of some studies (0.5%) because
of no access and failing requests to researchers. However,
because of the small amount of inaccessible studies we
consider these studies of minimum impact on our results and
conclusions. Second, we searched for studies that developed
and validated PAS instruments, which could have affected our
results as other publications discussing psychometric proper-
ties of included instruments were not included. Finally, we
excluded qualitative studies and grey literature, which may
have included potential influencing factors or outcomes.
Because these studies are often followed up by quantitative
studies to determine influencing factors,'” it is likely that
these factors and outcomes already are included in the quan-
titative studies included in this review. Nevertheless, in future
research qualitative data should be explored as an extension
of the results reported in this review.

Practical implications

Adequate staffing is essential for the patient, nurse and organ-
isation.!'” In an ideal situation, PAS would be evaluated daily
on the hospital ward to identify inadequate staffing either at
the beginning of a shift or in upcoming shifts. Using existing
patient and nurse data avoids additional administrative work
and incorporating nurses’ judgement potentially generates
valid and reliable information acceptable to nursing staff.
Measuring PAS in this way is in accordance with existing
design principles.'”’ The information is input for a mutual
dialogue and decision making on a team, ward or cross-
departmental level. Nursing managers should recognise that
staff numbers do not tell the whole staffing story and avoid
investing in traditional patient classification systems. Machine
learning and artificial intelligence will provide new opportu-
nities for measuring adequacy of staffing in the near future.
For adequate and practical measurement of PAS, a balance
should be found between using multiple items for reliability
and limiting the effort needed to use them. For this to work,
practitioners need to be involved in developing adequate
PAS measures.

CONCLUSIONS

This scoping review found that PAS is positively asso-
ciated with outcomes for patient, nurse and organisa-
tion, supporting the relevance of PAS as a measure for
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nurse staffing decisions. Many factors were identified
that influence PAS, but associations were inconsis-
tent. Instruments used to measure PAS were found to
have moderate reliability and validity. Measuring PAS
could enhance nurse staffing methods by predicting
staffing adequacy based on existing patient and nurse
data using machine learning and artificial intelli-
gence techniques. This approach goes beyond tradi-
tional workload measurement or workforce planning
methods. Further work is needed to refine and psycho-
metrically evaluate instruments measuring PAS.
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perception*[tiab] OR perceive*[tiab]) AND ("Nursing Staff"[Mesh] OR "Nurses"[Mesh] OR nurs*[tiab])

1966 - 2019

Embase

(health care personnel management/ or hospital personnel management/ or nurse patient ratio/ OR ((Staffing ADJ5 (inadequate OR
adequate OR inadequacy OR adequacy)) OR requirements for nursing resources).ti,ab,kw.) AND (nurse attitude/ OR (perception* OR
perceive*).ti,ab,kw.) AND (exp nurse/ or nursing staff/ OR nurs*.ti,ab,kw)

1978 - 2019

CINAHL

((MH "Personnel Staffing and Scheduling+") OR Tl ( staffing adequacy OR inadequate staffing OR staffing inadequacy OR adequate
staffing OR requirements for nursing resources ) OR AB ( staffing adequacy OR inadequate staffing OR staffing inadequacy OR
adequate staffing OR requirements for nursing resources )) AND ((MH "Nurse Attitudes") OR Tl ( perception* OR perceive* ) OR AB (
perception* OR perceive* )) AND ((MH "Nurses+") OR (MH "Nursing Home Personnel") OR Tl nurs* OR AB nurs*)

1984 - 2019

Business Source Complete

(DE "WORKFORCE planning" OR TI ( staffing adequacy OR inadequate staffing OR staffing inadequacy OR adequate staffing OR
requirements for nursing resources ) OR AB ( staffing adequacy OR inadequate staffing OR staffing inadequacy OR adequate staffing
OR requirements for nursing resources )) AND ((DE "EMPLOYEE attitudes" OR DE "JOB involvement" OR DE "JOB satisfaction") OR Tl
( perception* OR perceive* ) OR AB ( perception* OR perceive* )) AND (DE "NURSES" OR DE "FLOAT nurses" OR DE "HOSPITAL
nursing staff" OR DE "NURSE liaisons" OR DE "VISITING nurses" OR Tl nurs* OR AB nurs*)

1976 - 2018
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Author (year) __Country _Aim Study design ___Population Setting Sample size Instrument Influencing factors (statistical) analysis _Corrected Results Outcomes (statistical) analysis _Corrected Results
Anzai, Douglas, Japan  To describe Japanese hospital nurses’  Cross-sectional _ Nurses working in 12 acute-care (ie, n=223 Staffingand  Occupation (ward nurse manager or _ t-test NS ‘Ability to provide quality nursing _ Pearson's NS
and Bonner [85] perceptions of the nursing practice acute inpatient  medical, surgical, resource staff nurse) care correlation
environment and examine its wards and mixed) adequacy Ward morale Pearson's r=033,p<0.01  Quality of patient care 120,29, p<0.01
association with nurse-reported ability inpatient wards in a subscale of the correlation Ability to provide quality nursing  Hierarchical Demographics (gender, years workingasa NS
to provide quality nursing care, quality large teaching PES-NWI Ward morale Hierarchical Demographics (gender, years workingasa  B=0.17,p=0.03  care regression nurse, education), work characteristics
of patient care, and ward morale. hospital in the. (1apanese regression nurse, education), work characteristics (position, shift type, number of total shifts,
middle of Japan version) (position, shift type, number of total shifts, percentage of day shifts, hours of overtime
percentage of day shifts, hours of overtime work, number of patients in day shifts), and
work, number of patients in day shifts), and PES-NWI subscales (nurse participation in
PES-NWI subscales (nurse participation in hospital affairs, nursing foundations for
hospital affairs, nursing foundations for quality quality of care, nurse manager ability,
of care, nurse manager ability, leadership, and leadership, and support of nurses, collegial
support of nurses, collegial nurse-physician nurse-physician relations)
relations) Quality of patient care
Asiret, Kapucu,  Turkey  To determine the effect of the factors ~ Cross-sectional ~ Nurses Auniversity hospital n=327 Staffingand  Educational level ttest 22392, p=0017
Kose, Kurt, and affecting nurses' work environment and in Ankara resource Professional experience . 123,049, p=0.002
Ersoy [83] the work environment itself on the adequacy Age NS
satisfaction of nurses subscale of the  Gender NS
PES-NWI Waorking duration in unit NS
Waork unit ANOVA NS
Bachnick, Switzerla To describe patient-centered care i Cross-sectional  Registered nurses  Medical, surgical ~ n=2073 patient  Staffing and Patient-centered care (PCC) Generalized lineair  Patient characteristics (age, gender, language,
Ausserhofer, Swiss acute care hospitals and to and mixed units of  n=1810nurses  resource Easy to understand mixed model levels of education) B=0.486, C1 0.06 -
Baernholdt, and explore the associations with nurse Swiss acute care adequacy 0,91, p<0.05
simon [60] work environment factors and implicit hospitals subscale of the Sufficient information 638,C10.30-
rationing of nursing care. PES-NWI 0.98, p<0.001,
Involved in decision 351,10.03 -
0,67, p<0.05
Treatment & care adapted $=0.456, C1 0.04 -
Bae, Brewer,  US. To examine the nature and prevalence Retrospective,  Staff nurses 12intensive care  n=144 ICU-month Staffingand  Total temporary nursing care hours per  ANOVA NS Occurrence of central line- Logistic regression  Total temporary nursing staff, Nursing unit
Kelly, and of the use of temporary nursing staff in ~longitudinal, units at six hospitals data points resource patient day associated blood stream infection covariates (RN care hours, UAP care hours,
Spencer [49] intensive care units and relationships  secondary n=84 for staffing  adequacy RN temporary nursing care hours per " NS (CLABSI) model 1 nursing professional skill mix, unitsizeand  OR=0.050, p<0.01
between the use of temporary nursing  analysis andresource  subscaleof the patient day work environment characteristics)
staff and the occurrence of nosocomial adequacy PES-NWI CLABSI model 2 RN temporary nursing staff, Nursing unit OR=0.069, p<0.01
infections (central lineassociated blood covariates
stream infections and ventilator- Ventilator-associated pneumonia " Total temporary nursing staff, Nursing unit  OR=0.215, p<0.01
associated pneumonia). (VAP) model 1 covariates
VAP model 2 RN temporary nursing staff, Nursing unit
Bragadttir, Iceland  To identify the contribution of hospital, Cross-sectional ~ Registered nurses 27 medical, surgical =527 MISSCARE Missed nursing care ANOVA £(3,514) = 6.099,
Kalisch, and unit, staff characteristics, staffing and practical and intensive care Survey p<0.001
Tryggvadotti adequacy and teamwork to missed nurses inpatient units in Missed nursing care Hierarchical Unit type, role, age PAS 75%; NS
(62) nursing care in Iceland hospitals eight hospitals in regression PAS 50%; NS
Iceland PAS 0-25%; NS
Missed nursing care Unit type, role, age, teamwork PAS 75%; NS
PAS 50%; NS
PAS095% NS
Bragadéttir, Iceland  To examine the extent to which staffing Cross-sectional  Registered nurses, Allinpatient n=567 Nursing Overall teamwork ttest p<0.001
Kalisch, and adequacy predicts nursing teamwork, practical nurses,  medical, surgical Teamwork Trust p<0.001
Tryggvadéttir controlling for demographic and nurse unit and intensive care Survey Team orientation pe0.0S
79 background variables. managers and unitunits in Iceland Backup p<0.001
secretaries Shared mental models p<0.001
Team leadership p<0.001
Overall teamwork Linear regression  Unit type, role, experience on unit,intent o B=0.17, SE=0.04,
leava
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Aiken, and

(941

Choetal

Bruyneel, Van
den Heede, Diya,

Sermeus (78]

Burmeister et al

(86]

Belgium  To study the predictive validity of the
instrument used in the International
Hospital Outcomes Study (IHOS) for an
upcoming EU-funded project
(RNACAST), which will indicate the
effect of the nursing work environment
and nursing staff deployment on nurse
recruitment, retention, and
productivity; and on patient outcomes
in 11 European countries,

Australia, To determine factors associated with
Iceland,  nurses’ intent to leave their positions
ftaly,  and absenteeism

South

Korea,

Lebanon,

Turkey

and the

United

States

Korea  To examine the relationship between
nurse staffing and nurse-rated quality
of nursing care, job dissatisfaction,
burnout and plan to leave among ICU
nurses in Korea.

Cross-sectional  Nurses working in ~ Four Belgian
direct patient care ~general acute-care
ingeneralacute  hospitals

hospitals

Cross-sectional  Registered nurses ~ Medical-surgical,
rehabilitative,
intermediate, and
intensive care
patient units in
acute care hospitals

Cross-sectional Nurse managers,  ICUs of 22 general

charge and staff  hospitals providing

nurses. secondary or
tertiary care located
in Seoul or Kyeonggi
Province

=179

n=6212

n=1365

Staffing and
resource
adequacy
subscale of the

IR
(translated in
Dutch)

MISSCARE
Survey

Perception of
staffing
adequacy

Patients per nurse ttest p=0.004

High job satisfaction Univariate logsitic
regression
Multivariate
regression
modelling

Excellent nurse perceived quality of
care Univariate logsitic
regression
Multivariate
regression
modelling
Intention to leave within a year
Univariate logsitic
regression
Multivariate
regression
Burnout modelling
Univariate logsitic
regression

Intention to leave Logistic regression

Absenteeism

Nurse rated quality of care Multilevel logistic
regression

Job dissatisfaction
Burn out

Planning to leave

Highest degree obtained (undergraduate,
bachelor's in nursing/registered nurse,
master’s in nursing), employment (part-time,
fulltime), years worked in direct patient care

Highest degree obtained (undergraduate,
bachelor's in nursing/registered nurse,

master’s in nursing), employment (part-time,
full-time), years worked in direct patient care

Highest degree obtained (undergraduate,
bachelor's in nursing/registered nurse,
master’s in nursing), employment (part-time,
fulltime), years worked in direct patient care

Highest degree obtained (undergraduate,
bachelor's in nursing/registered nurse,
master’s in nursing). emplovment (oart-time.

Country, hospital, age, education, unit
experience, full or part-time, satisfaction with
job, satisfaction with nursing, satisfaction with
team, sex, patient turnover

Country, hospital, age, satisfaction with job,
satisfaction with role, education, full or
part-time, staffing perception, patient
turnover

Hospital, ICU and nurse characteristics

OR2.87,CI 1.48-
5.58, p<0.01
OR2381,CI138
572, p<0.01

NS

OR0.23,Cl0.12-
0.46, p<0.001
0R0.23,C10.12-
0,47, p<0.001

100% of time: OR
1.00

75% of time: OR
122,01097-153
50% of time: OR
215,011.682.74
25% of time: OR
3.85,€12.96-5.01
0% of time: OR
2.94,012.08-4.14
100% of time: AOR
100

75% of time: AOR
0.78,€1057-1.07
50% of time: AOR
101,010.71-143
25% of time: AOR
172,011.17-2.54
0% of time: AOR

100% of time: OR
1.00

75% of time: OR
153,01132-1.77
50% of time: OR
1.76, C1 1.49-2.09
25% of time: OR
1.72,011.40-2.10
0% of time: OR
1.83,C11.39-2.43
100% of time: AOR

75% of time: AOR
1.23,C11.00-1.52
50% of time: AOR
140,€11.10-1.79,
25% of time: AOR
1.46, €1 1.09-1.97
0% of time: AOR

OR=297,C12.22-

OR=030,€10.23 -
OR=0.50, C10.34 -

OR=040, C10.28 -
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Choetal. (87  South  Toexamine the relationship of nurse
Korea  staffing, as measured by nurse-

perceived and patient-perceived
staffing adequacy as well as by the
patient-to-nurse-ratio, with patient
experiences, and to determine the
mediating effects of patient-reported
missed care on the relationship
between nurse staffing and patients’
experiences

Choi and Staggs  US. To examine correlations among six

24) nurse staffing measures and to
compare their explanatory power in
relation to unit-acquired pressure
ulcers (UAPUs)

De Groot, Burke, US. To create a budget-neutral

and George [47) compensation distinction for different
competencies and educational levels,
evaluate the effect of the new salaried
model on unit costs and pay, determine
the effect of the DPS model on job
satisfaction, organizational
commitment, and anticipated turnover,
and assess the impact of professional
commitment, professional practice
climate, perception of staffing
adequacy, and dispositional optimism
on job satisfaction, organizational
commitment, and anticipated turnover.

Desmedt, De  Switzerla To describe the quality of the nurse
Geest, Schubert, nd work environment in 35 Swiss acute
Schwendimann, care hospitals and to benchmark

and Ausserhofer findings based on international Magnet
[63] hospital research.

Ducharme, us To examine relationships between
Bernhardt, leaders' perceived influence over
Padula, and professional practice environments
Adams [35] (PPEs) and clinical nurses' reported

engagement in essential professional
nursing practice.

Cross-sectional  Nurse managers, ~Medical and surgical n=23 nurse Nurse-perceived PAS patient; Descriptive
registered nurses, inpatient unit of six - managers staffing Nurse-perceived staffing adequacy
and patients hospitals n=362 registered  adequacy
nurses

=208 patients

Descriptive, Registered nurses  US acute care n=2397 nursing ~ Staffing and RN HPPD Pearson correlation
correlational hospitals, including  units resource Total nursing HPPD

unit types critical adequacy RN skill mix

care, step-down, subscale of the  RN-reported number of assigned

medical, surgical, PESNWI patients

and combined Non-RN HPPD

medical-surgical

quasi- Registered nurses St Luke's Medical  n=232nurses  Revised version  Life orientation Correlation
experimental, Center, a not-for- of the Head Professional commitment

non-equivalent profit, community nurse Professional practice climate

control group hospital that questionnaire  Organizational commitment

design provides tertiary

care to cardiac and
oncology patients

Multimethod  Registered nurses 35 Swiss acute-care  Swiss hospitals  Staffingand  Setting (hospital) ANOVA
design hospitals n=1633 resource
Magnet studies  adequacy Setting (magnet or nonmagnet) Descriptive
n=755-1610 subscale of the
Nonmagnet PES-NWI
studies n=46-
7880
nonexperimental Clinical nurses  a247-bedacute  n=30 nurse, PAS scale Nurse leaders perceived themselves to
method of care Magnet leaders be more influential, domain:
prediction hospital n=166 clinical Collegial administrative approach General linear
nurses model
Authority

Access to resources

Leadership expectations of staff

Internal strategy and resolve

PAS patient:
Missed communication Descriptive
Missed basic care
Adverse events

Communication with nurses
Overall hospital rating

PAS nurse:

Missed communication Lineair mixed model
RC=-0.58,Cl-
1.06,--0.06,p=

Missed basic care 0029

Adverse events Generalized lineair NS

mixed model NS
Communication with nurses NS
Overall hospital rating NS

Patient, PAS very sufficient:

Missed communication Lineair mixed model
RC-0.69, CI-1.02--
Missed basic care 0.35, p<0.001
RC-0.82,CI-132
Adverse events Generalized lineair 031, p<0.01
mixed model OR0.27,C10.09-
Communication with nurses 0.86, p<0.05
OR5.81,CI 204~
Overall hospital rating 13.2, p<0.001
(patient)
Adverse events, adding
- missed communication NS
- missed basic care Ns

Communication with nurses, adding
- missed communication
- missed basic care

OR 275, p<0.05
OR3.70, p<0.01
Overall hospital rating, adding
- missed communication

- missed basic care

OR 4.87, p<0.01

r=0.228, p<0.001  Unit-acquired pressure ulcers Logistic regression  Hospital characteristics (size, teaching status, OR=0.782, CI 0.647-|
and Magnet status) and unit type 0,944, p<0.05
OR=0.787, C1 0.650
Unit-acquired pressure ulcers Hospital characteristics (size, teaching status, - 0953, p<0.05

and Magnet status) and unit type, total OR=0.783, C1 0.647
NS nursing HPPD, RN skl mix -0948, p<0.05
Unit-acquired pressure ulcers Hospital characteristics (size, teaching status,
and Magnet status) and unit type, RN HPPD,

r=035,p<0.001  Job satisfaction index Correlation
24,p<0.001  Work r=0.23, p<0.001

,23,p<0.001  Supervision 20,p<0.05

,17,p<005  Pay 20, p<0.01
Promotion 16, p<0.05
Coworker 720,22, p<0.001

Perceptions of care quality
Anticipated turnover

93, p<0.001
17, p<0.05

F(34,1593) = 11.94,
p<0.001
Mean (standard
deviation) magnet
2.81(0.06),
nonmagnet 2.40
in1a
Perception quality nursing care  Logistic regression p<0.0001

Slope 3.758, CI
0.849-6.666,
p=0014

Slope 5.478, CI
2571-8.384
p=0.001

Slope 4.491, CI
1,601-7.381, p=0
004

Slope 3.790, CI
02117.368,
p=0014
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Escobar-Aguilar  Spain
etal. [34]

Fuentelsaz- Spain
Gallego, Moreno-
Casbas, Gomez-
Garcia, and
Gonzalez-Maria

(651

Gunnarsdéttir,  Iceland
Clarke, Rafferty,

and Nutbeam

(66]

Hegney et al. [91] Australia

Heinen et al. [76] Belgium,
Finland,
Germany,
Ireland,
the
Netherla
nds,
Norway,
Poland,
Spain,
Switzerla
nd and
the
United

Jafree, Zakar,  Pakistan

Zakar, and

Fischer (88]

Jolivetetal. [67] France

To analyze the relationship between  Secondary
the work environment and burnout of  analysis
nurses and the quality of care for

patient safety at the Spanish National

Health System Hospitals included in

SENECA and RNACAST studies.

To know if there are differences
between the critical care units and the
medical-surgical care units regarding
the perception of the nurses working in
National Health System hospitals about
their work environment, burnout level
and job satisfaction

Cross-sectional

To investigate aspects of nurses’ work  Cross-sectional
environments linked with job outcomes

and assessments of quality of care in an

Icelandic hospital.

To explore nurses’ perceptions of
factors affecting workloads and their
impact on patient care

Exploratory,

sectional

To determine factors associated with
nurses’ intention to leave the
profession across European countries.

Cross-sectional

To investigate the association between Cross-sectional
organizational culture and the culture  data, mixed
of error reporting, as perceived by methodology
nurses

To test the hypothesis that some Cross-sectional
organisational constraints at the work-  results of a
unit level may be related to depressive ~longitudinal
symptoms in hospital workers, either  survey
directly or through individual

perceptions of effortereward

imbalance (ERI)

descriptive, cross-

Staff nurses 24 hospitals of more n=984 patient
than 150 beds records
n= 1469 patient
surveys
n=1886
professional
surveys from
SENECA project,
n=2139 nurse’
surveys from
Nurses Medical-surgical, ~ n=7539
and critical care
units from 59
Spanish hospitals
with more than 150
beds

Nurses 2900-bed university n=695
hospital, the largest
tertiary health
centre in Iceland

Membership of  Public (acute n=2397

the Queensland  hospital,

Nurses and community, and

Midwives Union  other public health),

employedasa  private (acute

regulated or hospital,

un-regulated nurse domiciliary,

and/or midwife  community, and
other private) and
aged care (public
and private) sectors

Nurses 2025 surgical and  n=23159
medical units from
385 hospitals in ten

European countries

Registered female Two tertiary care  n=309
nurses, including  public sector

nurse supervisors,  hospitals from

nurse ward heads, Lahore

nurse instructors,

staff nurses and

nurse students

Female registered Medicine (including n=3316
nurses and nursing. geriatric, psychiatric
aids and paediatric
units), surgery, and
emergency or
intensive care units
of teaching
hospitals

Staffing and
resource
adequacy
subscale of the
PES-NWI

Staffing and
resource
adequacy
subscale of the
PES-NWI
(spanish version)

Setting (medical-surgical or critical care) t-test

Staffing and
resource
adequacy
subscale of the
NWI-R (Q1-Q4)
(Icelandic
version)
Workload Sector Chi-square and
perceptions Fisher exact test
survey
Staffing and
resource
adequacy
subscale of the
PES-NWI
Staffing and Error reporting culture Pearson's
resource correlation
adequacy Governance
subscale of the  Nurse participation in hospital affairs ™"
PES-NWI Nurse manager ability, leadership and

support

Nurse foundations for quality care

Nurse coworker relations .

Higher error reporting culture

Logistic regression
Higher error reporting culture
Mulitvariable

Staffing Occupation (nursing aid or RN) test

inadequacy to
perform duties
subscale of the
Nursing Work
Index - Extended
Organisation

Pain Pearson's
correlation

p<0.001
Satisfaction with current job Logistic regression
Satisfaction with current job
Emotional exhaustion Generalized lineair

modelling

Emotional exhaustion
Nurse-rated quality of patient care  Logistic regression
Nurse-rated quality of patient care "

Number: x2 =

9360, df=12,p <

0001

Skill mix: x2 =

78,01,df=12,p<

0001

Intention to leave nursing
(Germany)

Multilevel anaysis

Intention to leave nursing (other
countries)

1=0.630, p<0.01

r=0591, p<0.01
715, p<0.01

r=0.676, p<0.01

614, p<0.01
710, p<0.01
OR 7.83, CI 4.64-
13.22, p<0.001
AOR7.86, C1 4.18-

p<0.001 Depressive symptoms

Nurse age, nurse literacy, nurse monthly

Multilevel anaysis

Depressive symptoms
Depressive symptoms

Effort-reward imbalance

Effort-reward imbalance

Nurse characteristics and specialities

Nurse characteristics and specialities, nurse-
physician relations, unit-level support,
philosophy of practice, hospital-level support
Nurse characteristics and specialities

Nurse characteristics and specialities, nurse-
physician relations, unit-level support,
philosophy of practice, hospital-level support
Nurse characteristics and specialities

Nurse characteristics and specialities, nurse-
physician relations, unit-level support,

Five subscales of the PES-NWI, Patient to
nurse staffing ratio on unit level, burnout,

quality of care, safety of care, hospital size,
age, gender, working full-time or part-time,
educational level, country and hospital-unit

NWI-EO, age, profession, speciality of the
work unit, work schedule

", Rl model

NWI-EQ

NWI-EO, age, profession, speciality of the

ik it wirk wael winrk schadule,

=-0435,p=003

OR2.23,Cl 1.63-
3.05, p<0.001
OR147,CI1.02-
210, p<0.05

B-3.95, p<0.001
B-3.45, p<0.001
OR2.16, CI 1.53-

3.04, p<0.001
NS

OR=0.66, 1 0.47-
092, p<0.05

NS

RN OR=0.20,
0.05<p<0.01
NA OR=0.22,
0.05<p<0.01
NS

OR-0.16,
0.05<p<0.01
OR=098, p<0.001
OR=138, p<0.001
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Kalisch and Lee  US. To examine the relationship among
B7 hospital, patient units, and staff
characteristics and nursing teamwork

Cross-sectional

Kalisch, Lee, and  U.S. To explore the influence of unit Cross-sectional

Rochman [39] characteristics, staff characteristics and
teamwork on job satisfaction with
current position and occupation
Kalisch, us To explore the impact of missed Cross-sectional

Tschanen, and nursing care (required patient care that

Lee [52] is omitted) on job satisfaction of

nursing oersonnel.

To investigate the extent and type of  Cross-sectional
nursing care missed and the reasons for

missed care.

Kalisch, us.
Tschannen, Lee,
and Friese [40]

Kalisch, Friese,  US. To examine empirically the correlations Cross-sectional,
Choi & Rochman among 3 measures of nurse staffing  correlational
(59 (nurse-reported patient workload on

the last shift, nurse-perceived staffing

adequacy, and hours of care per

patient day) and to identify

characteristics associated with these

measures

Kimetal.[53]  US. To examine association between
perceived inadequate staffing and
musculoskeletal pain and to evaluate
the role of work-related psychosocial
and physical work factors in the
association among hospital patient care
workers

Cross-sectional

Registered nurses, 95 patient care units n=23769
licensed practical  in six hospitals in

nurse, nursing  Michigan and

assistants, nursing  California

leaders, and unit

secretaries

Registered nurses, Four Midwestern  n=3675
licensed practical ~ hospitals, one

nurses, assistive  Southern hospital

personnel and unit and 80 different

secretaries patient care units

Registered nurses  Ten midwestern ~ n=4074
and nursing hospitals
assistants

Registered nurses  Acute care hospitals n = 4086
and nursing
assistants

Registered nurses Medical-surgical, ~ n=92 patient care
rehabilitation, and  units
intermediate in 11
acute care hospitals

Registered nurses, Two large academic n=1339
licensed practical ~ hospitals in the

nurses, and metropolitan

patient Boston area

care/nursing

assistants with

direct patient care

responsibilities

Nursing
Teamwork
Survey

Nursing
Teamwork
Survey

MISSCARE
Survey

MISSCARE
Survey

MISSCARE
Survey

Staffing and
resource
adequacy
subscale of the
NWI-R (Q1-Q4)

Response set is
frequency ona
5 point scale

(always - never)

Teamwork

Trust
Team orientation

Backup

Shared mental models (SMMs)

Taam laadarchin craros

Nurse-reported patient load, last shift

Unexpected rise in patient volume
and/or acuity

Inadequate number of assistive
personnel

HPPD

Case mix index

HPPD
HPPD, CMI

HPPD, CMI, Nursing education28SN
HPPD, CMI, Nursing education285N,

Linear regression

Pearson's.
correlation

Multivariable lineair Hospital effects

regression

Hospital effects, nursing role, Full-time
equivalency, shift worked, years of experience

in the unit, absenteeism, unit type

Satisfaction with the current
position

Satisfaction with the occupation
Satisfaction with the current Hierarchical
position regression

Lineair regression

Satisfaction with the current
position

Satisfaction with the occupation  Logistic regression

Job satisfaction Linear regression

Occupation dissatisfaction Logistic regression

Missed nursing care Multiple regression

384, p<0.01

120105, p=

0,041,
120,036, p=0.275
120338, p=0.000

Neck/Shoulder pain Multileve! logistic
regression
Arm pain

Low back pain

Lower extremilty
Any musculoskeletal pain
Number of area in pain

Neck/Shoulder pain

Arm pain
Low back pain

Lower extremiity
Any musculoskeletal pain
Number of area in pain

Neck/Shoulder pain

Arm pain
Low back pain
Lower extremeniity

Any musculoskeletal pain
Number of area in pain
Neck/Shoulder pain

Arm pain
Low back pain
Lower extremeniity

Hospital effects, type of unit, age, job title,
years of experience in the current working
unit, number of patients cared for, hospital
Hospital effects, type of unit, age, job title,
years of experience in the current working
unit, number of patients cared for, hospital,
teamwork

Hospital effects, teamwork, gender, age,
education, job title, years of experience on
the current working unit, number of patients

Hospital effects, missed care, age, type of
unit, hospital

Hospital effects, gender, job title, education,
hosoital

Hospital effects, constant, seks, age, job title,
shift worked, years of experience in the role,
absenteeism, number of patients cared for

Work characteristics (age, race, gender, job
title, having a second job or not, day shift or
not, worked hours per week, and BMI)

Work characteristics, physical work factors
including use of a lifting device, and the
amount of time on the job for each of five
physical activities on the job (i.e. sitting,
standing, walking, lifting and carrying, pushing
and pulling

NS
NS

NS

Work characteristics, work-related
psychosocial factors (i.e. job demands, job
control, supervisor support, co-worker
support)

p<0.001
p<0.001

B=0.36, p<0.001

£=0.30, p<0.001

553, p=0.000

£=0.326, p<0.001
OR =149, C11.35-

0.104, p=0.000

NS

NS
OR 1.49, CI 1.04 -
213, p<0.05

NS

NS
OR1.42,C11.02-
1.99, p<0.05

NS

NS
OR 150, CI 1.06 -
2.14,p<0.05

NS

NS
OR1.42,CI1.01-

NS

NS

OR: 1.50, CI: 1.03 -
219, p<0.05

NS

NS
NS
NS
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Leineweber et al. Sweden
[68]

Lin, Chiang, and  Taiwan
Chen [89]

Louch, O'Hara, UK
Gardner and
0O'Connor [77)

Mark, Salyer and  U.S.
Harless [58]

Nelson-Brantley, US.
Park, Bergquist-
Beringer (42

To investigate associations between
nurse work practice environment
measured at department level and

individual level work-family conflict on

burnout, measured as emotional
exhaustion, depersonalization and
personal accomplishment among
Swedish RN.

To compare the differences between
nurses with intent to leave and those
with intent to stay in employment and
nursing regarding their perceptions of
the practice environment in Taiwan,

Cross-sectional

Cross-sectional

To examine nurses’ daily perceptions of Longitudinal

staffing and patient safety and to
explore the potential role of
personality factors as moderators of
daily level associations

To examine the impact of hospital
characteristics, nursing unit
characteristics, nurse characteristics,
and patient characteristics on nurses’
perceptions of staffing adequacy.

To examine characteristics of the
nursing practice environment
associated with lower RN turnover

Secondary
analysis, cross-
sectional and
longitudinal

Secondary
analysis

Registered nurses

Nurses

Staff nurses

Registered nurses

Staff nurses

369 departments in
53 hospitals

Four hospitals in
southern Taiwan
one medical center,
one regional
hospital, and two
local hospitals

Acute NHS Trusts

60 hospitals in the
Southeastern
United States

162 acute care
hospitals in the
United States

n=8620

=524

n=324 diary days
(for 83
participants)

Nurses
n=1583 (time 1)
n=1023 (time 2)
Patient
n=1231 (time 1)
n=1235 (time 2)

=1002 nursing
units.

Staffing and
resource
adequacy
subscale of the
PES-NWI

Staffing and
resource
adequacy
subscale of the
PES-NWI
(Chinese
varcinn)

Hospital Survey
on Patient Safety
Culture

Perceptions of  Time 1
adequacyof  Number of high technology services
staffing Case mix index

Skill mix

Workload

Unit size

Time 2

Number of high technology services

Number of beds on the unit

Model 1 cross-sectional

Hospital (case mix index, case mix index
squared), hospital size ("high tech"”
services, teaching status, life cycle -
grower, life cycle - decliner, life cycle -
unstable), unit (total staff, skill mix,
workload, number of beds, support
services, patient technology, education,
life cycle - grower, life cycle - decliner,
life cycle - unstable), nurse, (experience,
age), patient (age)

Model 2: delayed effects

Hospital (case mix index, case mix index
squared), hospital size ("high tech”
services, teaching status, life cycle -
grower, life cycle - decliner, life cycle -
unstable), unit (total staff, skil mix,
workload, number of beds, support
services, patient technology, education,
life cycle - grower, life cycle - decliner,
life cycle - unstable), nurse, (experience,

Model 3: dynamic model
Hospital (case mix index, case mix index
squared), hospital size ("high tech”
services, teaching status,life cycle -
grower, life cycle - decliner, life cycle -
unstable), unit (total staff, skill mix,
workload, number of beds, support
services, patient technology, education,
life cycle - grower, lfe cycle - decliner,
life cycle - unstable, lagged
perceptions), nurse, (experience, age),
natient (a0e)

Staffing and

resource

adequacy

subscale of the

Correlation

Regression model

1=0.216, p=0.018

278,p=0.002
309, p=0.001

120,348, p<.000

220,325, p<.000

120,512, p<0.000

Risk for emotional exhaustion

Depersonalization

Personal accomplishment

Intention to stay in employment
Intent to leave and stay in nursing

Perceptions of patient safety

Safe practitioner
Workplace cognitive failure

Safe practitioner ( at high level of
agreeableness)

Safe practitioner ( at low level of
agreeableness)

Perceptions of patient safety (at
high level of emotional stability)
Perceptions of patient safety (at low
level of emotional stability)

Safe practitioner (at high level of
conscientiousness

Safe practitioner (at low level of

RN-turnover

Multilevel logistic
regression

Department level variables (NWI-PES
variables)

Department level variables and individual
variables (age, sex, baccalaureate degree in
nursing, years of experience as RN, work-
family conflict)

Department level variables

Department level variables and individual
variables

Department level variables

Department level variables and individual
variables

ttest

Hierarchical linear
model

Lineair regression  Practice environment characteristics, magnet
status, hospital size, teaching status, hospital
ownership,CMI, unit type, RN age, RN tenure,

and RN education levels

OR=0.724 C1 0.684-
0.766, p<0.001

OR=0.733 C1 0.693-
0.775, p<0.001

OR=0.856 C1 0.782-
0937, p<0.05
OR=0.864 C1 0.788-
0.948, p<0.05
OR=0.883 C1 0.882-
0.950, p<0.001
OR=0.888 CI 0.824-
0957, p<0.05

t=4.4, p<0.001
9, p<0.001

p<0.001
p<0.001
p<0.001
B=0.139, p<0.001

245, p<0.001

B=0.666, p<0.001

=0.409, p<0.001

=0.151, p<.001

B=0.226, p<0.001

RC=-0.16, C1 023 -
-0.09, p<0.01
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O'Brien-Pallaset  Canada
al. [45]

PineauStam,  Canada
Laschinger,
Regan, and Wong,

(48]

Rauhala and
Fagerstrom [69]

Finland

Reeder, us
Burleson, and
Garrison [54]

Roche and Australia

Duffield [92)

Roche, Duffield, ~ Australia

and White [93]

Rochon, Heale, ~ Canada
Hunt, and Parent

[s7)

To determine the work environment
and nurse staffing variables at the
nursing-unit level that influence system
outcomes, and identify optimal staffing
levels for achieving positive system
outcomes.

Prospective,
correlational

To examine the influence of new Secondary
graduate nurses’ personal resources  analysis of data
{psychological capital) and accessto  from a
structural resources (empowerment  longitudinal
and staffing) on their job satisfaction. ~ study

To identify the contribution of the non-
information about non-patient factors  experimental,
to the RAFAELA PCS in routine use and  retrospective
toidentify how strong an association

there is between NCI and PAONCIL in

routine use, compared with the

association between non-patient

factors and PAONCIL

To measure physician and nursing staff Prospective
subjective assessments of ED
overcrowding, to compare the
agreement of this assessment between
physician and nursing staff, to use data
to calculate proposed READI scores to
assess ED demand, and to compare the
READI scores with staff perceptions to
evaluate the agreement of these scores
and the ability to predict resource
demands that exceed available

To examine the differences between  Secondary
characteristics of the work environment analysis
of nurses working in mental health and

general acute inpatient nursing

settings.

To test a model of hypothesized
relationships between aspects of the
practice environment and the
therapeutic commitment of nurses
working in mental health, and to
identify those characteristics of the
practice environment that impact most
significantly on therapeutic

Model testing,
cross-sectional

To determine the perceived level of
nursing teamwork by registrered
nurses, registrered practical nurses,
personal support workers and unit
clerks working on patient care teams in
one acute care hospital in northern
Ontario, Canada, and to determine if a
relationship exists between the staff
scores on the Nursing Teamwork
Survey and participant perception of

Descriptive, cross
sectional

Staff nurses Cardiac and n=1198 patients  Staffing and
cardiovascular units and 555 nurses  resource
of six participating adequacy
hospitals in the subscale of the
Canadian provinces NWIR (Q1-Q4)
of Ontario and New
Brunswick
New graduate  Specialty unit n=205 New graduates’
nurses (NGNs) who medical-surgical, perception of
had been working  critical care, mental adequate
<3yearsinthe  health, maternal staffing
profession child,
community/public
health and long
Nurses Somatic wards of a  n=4870 PAONCIL
secondary
healthcare hospital
on the west coast of
Finland
Physiciansand  Emergency n=221 Assessment of
charge nursesof  department of the real time

the ED Pitt County

demand for the

Memorial Hospital, ED

a tertiary referral
academic medical
centerin rural
eastern North
Carolina

24 public acute
general hospitals

RNs, enrolled
nurses (similar to

Licensed across two
Vocational Nurse ~ Australian states.
or Licensed

Practical Nurse in
the United States),
and assistants in
nursing (similar to
patient care
assistants)

Registered nurses ~ Six mental health
enrolled nurses

acute hospitals in

metropolitan areas

of New South Wal
Australia

Registered nurses, One acute care
registrered
practical nurses,
personal support
workers, unit
clerks, nurse
clinicians and
managers

Ontario

wards attached to
five public general

hospital in northern

n=2556 Staffing and
resource
adequacy
subscale of the
PES-NWI

n=149 Staffing and
resource
adequacy
subscale of the
PES-NWI

les

=200 Nursing
Teamwork
Survey

Psychological capital
Structural empowerment

Managerial planning and organization
of the work

Planning of the work rota

Substitute situation

Meetings, training

Students

Co-operation with doctors
Co-operation/coordination with other
staff

Co-operation within the organization
Co-operation in your own group

Own work ability

Mental stress

Other factors

0PCQ (22 wards)

0PCQ and 6 non-patient factors

Crowding scores (READI)

Setting (mental health, medical or
surgical)

Role support

Nursing teamwork

Correlation
Correlation

Pearson’s.
correlation

Lineair regression

Kappa

ttest

Partial least squares
path modeling

Not reported

Absenteeism

Patient care interventions omitted
o delayed
Therapeutic interventions omitted

r=0.12,p<0.05  lob satisfaction
r=0.16,p<0.01 Job satisfaction
p=0.392

160, p<0.001
294

109, p=0.011
097, p=0.024

165, p<0.001

09
r=0.19, p<0.001
348, p<0.001
0,000 - 0.648,
12/22 wards
p<0.001, 18/22
wards p<0.05,
median 1220450
0.249-0.817,
13/20 wards
p<0.001, 20/20
wards ne 05

t=4.063, p<O.01

p=0.258

Hierarchical lineair
regression

Correlation
Hierarchical
multiple regression

Nurse level (years of work experience in
nursing, education, full-time employment,
clinical expertise, overtime hours, unit
instability, shift change, effort-reward
imbalance, emotional exhaustion, physical
health, mental health, nurse-patient ratio),
patient level (resource intensity weight,
number of nursing diagnoses, pre-operative
clinics, medical consequences, physical health
at admission, mental health at admission),
unit level (step-down unit, skill mix, average
number of patient care interventions omitted
or delayed, average autonomy score, staffing
utilization)

ps0.05

0.48, OR=06,
p<0.05

=044, OR=06,
29, p<0.01
$=019, p<0.001

Psychological capital, structural
empowerment

van der Mark CJEM, et al. BMJ Open 2021; 11:e045245. doi: 10.1136/bmjopen-2020-045245
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Sassoetal [80]  ltaly To investigate the push and pull factors  Cross-sectional
of nurses' intention to leave the

profession in Italy.

Schubert, Glass ~ Switzerla To examine the validity and reliability  Psychometric

Clarke, Schaffert- nd of the newly developed BERNCA analysis
Witdliet, and De instrument.
Geest [70]

Sharma et al. [81) Switzerla To assess nurse-reported organizational Secondary
nd readiness for implementing change in  analysis
acute care hospitals

Smeds Alenius,  Sweden  To investigate how RNs’ assessments of -Secondary
Tishelman, the safety of patient care at their analysis, cross-
Runesdotter, and workplace, the nursing work sectional
Lindavist [71] environment, the patient safety

culture, as well as their level of

involvement in direct patient care, and

length of work experience as an RN

relate to, and interact with, RN’ global

assessment of patient safety in acute-

Spence etal. [90] Australia To determine if a suitable method of
measuring nursing workload could be  sectional
developed in neonatal intensive care
units (NICUs)

Spence Canada  To test an exploratory model of the  Cross-sectional
Laschinger [56] antecedents and consequences of
nurses’ perceptions of respect in
hospitals.
Stalpers, Van Der The To assess job satisfaction and nurse-  Cross-sectional
Linden, Kaljouw, Netherla ~perceived quality of care in a sample of
and Schuurmans  nds Dutch ICUs and to determine work
721 environment characteristics that,
according to ICU nurses are associated
with overall job satisfaction and with
perceived quality of care, after
controlling for the effects of overall job

To measure levels of need for nursing  Cross-sectional

Trivedi and us
Hancock [43] care based on the perceptions of head

nurses.
Tvedt, Sjetne,  Norway  To determine the correlations between Observational,

Helgeland, and
Bukholm [73]

hospital-aggregated, nurse-assessed
quality and safety, and estimated
probabilities for 30-day survival in and
out of hospital

ecological

Staff nurses 292 units of general
and surgery in 40

acute hospitals

Nurses Five Swiss acute
care hospitals

Registered Nurses 124 medical,
surgical and
medical-surgical
(mixed) units in 23
acute care hospitals
across Switzerland's

Registered nurses  Acute care hospitals n=9236

Descriptive, cross: Front-line clinical ~ Two NICUs, one ina

nurses perinatal centre
(perinatal) and one
in a predominately
neonatal surgical
unitin a children’s
hospital (children’s).

Ontario urban
teaching hospitals

Staff nurses

Nurses workingin  Three Dutch

the ICUs intensive care units
based in teaching
hospitals (level Il

Five units of a 300-
bed community
general short-term
hospital in the
Midwest: medical-
surgical (60 beds),
pediatric (28 beds),
surgical (68 beds),
ICU/CCU (16 beds),
and medical (86

Head nurses

Nurses 30 Norwegian
hospitals with more
than 85 beds

n=3667 Staffing and
resource
adequacy
subscale of the
PES-NWI

n=957 Nursing
resources and
autonomy
subscale of the
NWI-R, items not

n=1833 Staffing and
resource
adequacy
subscale of the
PES-NWI

Change commitment

Change efficacy

Staffing and
resource
adequacy
subscale of the
PES-NWI

n=12649 acuity  PAONCIL <5 year work experience
tools Use of causal staff
n=6727 PAONCIL Mental stress
Own work capacity

Presence of students (Perinatal)
Meetings during shift (Children's)
Use of relief staff

Planning of shift schedule
Organisation of manager
Cooperation with peer nurses
Cooperation with docters
Presence of students (Children’s)
Meetings durine shift (Perinatal)

=285 Adequate staff  Nurses’ feelings of respect
for care

n=123 PAS scale (Dutch
version)

The head nurse of Head nurse

each of the five

study units

completed the

questionnaire for Transfers

the seven-week Discharges

period Postoperative patients
Specialized nursing procedures

Nursing hours
questionnaire  Census

Patient classification
New admissions

Patient classification (pediatric and
n=3556 Staffing and

resource

adequacy

subscale of the

NWI-R (Q1, Q2,

Qa)

Linear regression  Individual factors (education level, nursing
work experience), work environment (nursing
foundation for quality of care, supportive
leadership, standardized staffing),
organizational characteristics (unit type)

Regression

Pearson's.
correlation

Stepwise regression

NS

B=0.125, C1 0.0008-
0.243, 51
.037

1<OR>10

Intention to leave

Intention to leave

Implicit rationing of nursing care

RN-reported patient safety

RN-reported patient safety

RN:-reported patient safety

Overalljob satisfaction

Nurse perceived quality of care
Nurse perceived quality of care

Overall survival

Quality of nursing
Patient safety

Survival after acute myocardial
infarction

Logistic regression
Gender, setting, nurse-physician relationship,
leadership, quality of care, participation in
hospital affairs, emotional exhaustion,
depersonalisation, personal accomplishment,
satisfcation with current job

Spearman
correlation

Spearman’s
correlation

Regression

Regression Gender, education, work environment, RNs’
level of involvement in direct patient care,

patient safety culture, work experience

Hierarchical

Overall job satisfaction
™, nurse characteristics

Stepwise regression _Patient safety management

Patient safety management
Local university hospital, regional university
hospital

1=0.27-0.43 for
staffing items,

OR=2.74CI 2.52-

=042, p<0.001

$=0.34, p<0.001
=035, p<0.001

RC=0.09,

0.002

0.44, p<0.001

024,
NS

0.005
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Tvedt, Sjetne,
Helgeland,
Lower, and
Bukholm [74]

Weig, Schmuck,
Heiden, Angerer,
and Miller [82]

Williams and
Murphy [44]

Zander, Dobler,
and Busse (75]

Norway  To examine the associations between
nurse-reported characteristics of the
work environment and incidence of
surgical site infections after total hip
arthroplasty.

Cross-sectional

Germany To determine individual and shared
associations between understaffing and
psychosocial work characteristics and
cardiovascular health outcomes in
hospital nurses.

Cross-sectional

us To determine to what extent Multi method
associations existed between objective  design
measures of staffing adequacy, the
patient care services provided under
various staffing conditions, and charge
nurses’ subjective judgements of both
these elements

Germany To analyze whether the DRG pre-post
implementation in German acute comparison with
hospitals (as well a5 other changes over two cross-
the 10-year period) had measurable  sectional sets
effects on (1) the nurse work
environment (including e.g. an
adequate number of nursing staff to
provide quality patient care), (2) quality
of patient care and safety (incl.
confidence inta patients’ ability to
manage care when discharged), and (3)
whether the effects from (1) and (2) — if
any — impacted on the nurses
themselves (satisfaction with their
current job and their choice of
profession as well as emotional
exhaustion).

=320 nurses
n=2885 patients

Nurses 16 Norwegian
hospitals with 20
wards specialized in
orthopaedic care

Nursing
professionals

Intensive care units, =273
operating rooms,
anesthesia units,

three inpatient

wards, and the intra-
hospital patient
transportation

services of an

academic hospital

Charge nurses  Four nursing units
in a 316 bed private
hospital and two~ (waiting time and
nursing unitsina  drug
260bedcounty  administration)
hospital located in

inland northern

California.

Nurses 1998/1999 29 acute  1998/1999
care hospitals, n=2681,
2009/201049 acute  2009/2010
care hospitals n=1511

Staffing and
resource
adequacy
subscale of the
PES-NWI (Q1,
Q2,04)

Perceptions of
undertaffing

Unit. Setting (County medical, county surgical, Descriptive
staffing/care  private medical, private surgical, private
evaluation form ~ coronary care, private post-coronary

care)

Census Correlation

Number of maximum care patients

Staff hours available

Staff hours available per patient

Staff hours available per maximum care
patient

Staffing items of Wave Logistic regression

the PES-NWI
(items not
reported)
1998/1999:
Female

General medical ward
Mixed ward

Professional experience>10years
Part time

Age
2009/2010

Female

Professional experience>10years
Part time

General medical ward

Mixed ward

Female, professional experience>10years, part
time, general medical ward, mixed ward, age

County medical
19/30 adequate,
county surgical
20/30 adequate,
private medical
13/30 adequate,
private surgical
17/30 adequate,
private coronary
care 30/42
adequate, private

Surgical site infection after total hip
arthroplasty

" frr nen_alartiva nrneadirac
Blood pressure

Total cholestrol level

LDL cholestrol level

Blood pressure

Total cholestrol level

LDL cholestrol level

Six units combined:

Patient service (10 categories)
Six units:

Basis hygiene

Basic feeding and toileting
Mobility

Medications, IV's

C with

p y care
33/42 adequate
2/6 units p<0.05,
4/6 units NS

1/6 units p<0.05,
5/6 units NS

3/16 shifts p<0.05,
13/16 shifts NS
5/16 shifts p<0.05
11/16 shifts NS
5/16 shifts p<0.05,
11/16 shifts NS

OR=0.405, 95%CI
0.339.0.484,
p<0.001

OR=-709. CI-521-
0.966, p=0.029
OR=1.837. CI1.464-
2.306, p<0.001
OR=1.640. CI 1.164-
2.311, p=0.005

Special procedures

Observation of patient
Vital signs

Rounds with or assist MD

Implementation of new orders
without undue delay

ccu/pecy
Signal response: minutes

Filling of request: minutes
Number of analgestics

Number of tranquilizers

1998/1999:
Quality of care on wards

Quality improved within the last
year
Patient safety on ward

Lack of psychosocial attention

Patients' ability to manage care
after discharge

Univariate mixed-

effects logistic

regression

Mixed-effects

logistic regression

model

Mixed-effects Interaction: elective procedure x staffing
logistic regression  adequacy

model

Regression

Corralation

Logistic regression

OR=097, C10.95,
0.99, p=0.009

OR=1.00, I 0.96,
1.02, NS

OR=0.94,C10.91,
0,97, p=0.001

N
NS
NS

OR=1.60, C1 1.05-
OR=1.42, C1 1.04-

NS

p<0.0005 (for all
categories)

5/6 units p<0.05,
1/6 units NS

4/6 units p<0.05,
2/6 units NS

5/6 units p<0.05,
1/6 units NS

2/6 units p<0.05,
4/6 units

6/6 units p<0.05

4/6 units p<0.05,
2/6 units NS
6/6 units p<0.05
3/6 units p<0.05,
3/6 units NS

5/6 units p<0.05,
1/6 units

4/6 units p<0.05,
2/6 units NS

1/2 units p<0.05,
1/2 units NS

1/2 units p<0.05,
1/2 units NS

1/2 units p<0.05,
1/2 units

NS

OR=4.118, C1 2822
6.009, p<0.001
OR=2.081, CI 1624
2.666, p<0.001
OR=4.726, 13390/
6.590, p<0.001
OR=0.255, €1 0.199/
0.328, p<0.001

NS
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2009/2010:

Quality of care on wards OR=3.504, 95%C
2.3605.202,
p<0.001

Quality improved within the last OR=2.470, 95%C!

year 1811-3.368,
p<0.001

Lack of psychosocial attention OR=0.336, 95%C!
0.245-0.459,
p<0.001

Patients' ability to manage care OR=2.058, 95%C!

after discharge 1.443-2.935,
p<0.001

Patient safety on wards NS

1998/1999:

Satisfaction with current job OR=1.920, C1 1.262-
2,921, p<0.002
NS

Dissatisfaction with choice of

profession NS

Emotional exhaustion

2009/2010:

Satisfaction with current job OR=2.914, CI 1870
4.541, p<0.001
OR=0.440, 95%C!

Emotional exhaustion 0.284-0.683,
p<0.001

Dissatisfaction with choice of NS

Abbriviations

- ANOVA: analysis of variance

- AOR: adjusted odds ratio

- Cl: confidence interval

- ED: emergency department

- ERI: effort-reward imbalance

- HPPD: hours per patient day

- ICU: intensive care unit

- MANOVA: multivariate analysis of variance
- NA: nursing assistent

- NCI: nursing care intensity

- NS: non-significant

- OR: odds ratio

- PCS: patient classification system

- Q: question

- RC: regression coefficient

- READI: Real-time Emergency Analysis of Demand Indicators
- RN: registered nuse
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Anzai, Douglas, and Bonner [85]

How well did the study minimise sources of bias (i.e. adjusting for potential confounders)? Were
there significant flaws in the study design?

5.2 Are the findings generalisable to the source population (i.e. externally valid)?
Are there sufficient details given about the study to determine if the findings are generalisable to
the source population?

External Internal External
Study design & analysis cross sectional (-) or allows for cause / effect (exposure precedes outcome
time series) (+) / RCT 0
Section 1: Population
1.11s the source population or source area well described?
To whom or what aims the study to represent? Was the country (e.g. developed or non-developed,
type of health care system), setting (primary schools, community centres etc), location (urban,
rural), population demographics etc adequately described?
1.2 Is the eligible population or area representative of the source population or area?
Was the recruitment of individuals, clusters or areas well defined (e.g. advertisement, birth
register)? Was the eligible population representative of the source? Were important groups
underrepresented?
Single hospital (0), multiple hospitals, limited representative for source population (1), included
patients/nurses representative for source population (2).
1.3 Do the selected participants or areas represent the eligible population or area?
Was the method of selection of participants from the eligible population well described? What % of
selected individuals or clusters agreed to participate? Were there any sources of bias? Were the
inclusion or exclusion criteria explicit and appropriate?
Was the selection process of participants clearly described? (+1), What % of eligible individuals (staff
/ patients) participated (60% + is acceptable)?(+1), Were the inclusion or exclusion criteria explicit
and appropriate? (+1)
Section 2: Method of selection of exposure {or comparison) group
2.1 How well were likely confounding factors identified and controlled? 2
Were there likely to be other confounding factors not considered or appropriately adjusted for?
Was this sufficient to cause important bias? Where relevant confouding factors uncluded for
patient, nurse, and organization?
Section 3: Measures
3.1 Were the main measures and procedures reliable? 0
Were main measures subjective (-1) or objective (give ++ for completely objective measures)
How reliable were measures (e.g. inter- or intra-rater reliability scores)? +1 for evidence of
reliability
Where relevant, was there any indication that measures had been validated (e.g. validated
against a gold standard measure or assessed for content)
3.2 Were the outcome measurements complete? 2
Were all or most of the study participants who met the defined study outcome definitions likely to
have been identified? Where measurement levels optimal?
Section 4: Analyses
4.1 Was the study sufficiently powered to detect an effect (if one exists)?
Were there sufficient units / hospitals / wards / patients to give variation and enough patients
to detect effects
Large multi-hospital (20+) studies (state / national / international) with administrative data ++
Smaller studies / single hospital with large numbers of patients (000,000) +
Other - look at confidence intervals / sample size give ( -) if unclear that results are sufficiently
precise
10 cases per factor in regresioon analysis +
4.2 Were the analytical methods appropriate? 1
Was there adjustment for clustering of data within hospitals? (+ 1), Where relevant was there
control for ward / hospital characteristics (+1)
Multilevel (2), confounding factors (1), no adjustment (0)
1
4.3 Was the precision of association given or calculable? Is association meaningful?
Were confidence intervals or p values for effect estimates given or possible to calculate? Were Cls
wide or were they sufficiently precise to aid decision-making? If precision is lacking, is this because
the study is under-powered?
Descriptive design (0), comparison groups or correlation (1)
Section 5: Summary
5.1 Are the study results internally valid (i.e. unbiased)? +

strong (++) All / most checklist items fulfilled, limitations very unlikely to alter conclusions
moderate (+) Some checklist criteria fulfilled, limitations unlikely to alter conclusions
weak (-) Few criteria fulfilled, conclusions likely to alter

2 strong (++)

1 moderate (+)

0 weak (-)
NA not applicable (rare)
NR not recorded
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