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Maria-Eulàlia Juvé-Udina,1,2 Jordi Adamuz ,1,3,4 Maribel González-Samartino,1,3,4
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Objective: To evaluate the association between nurse stafng coverage and patient outcomes in a context of structural understafng.
Design: Tis is a population-based, cross-sectional, multicenter study, including patient and stafng data from eight public
hospitals from Catalonia, Spain.
Participants: A total of 183,085 adult in-patients admitted to hospital wards and step-down units during 2016 and 2017.
Outcomes: In-hospital mortality, 30-day hospital readmission, and three cluster nurse-sensitive adverse events: healthcare-
acquired infections, failure to maintain, and avoidable critical complications.Te study factor is safe nursing stafng equivalent to
nurse stafng coverage > 90%.
Results:Average patient acuity was equivalent to 4.5 required nursing hours per patient day.Temean available nursing hours per
patient day was 2.6. Te average nurse stafng coverage reached 65.5%. Overall, 1.9% of patients died during hospitalization, 5%
were readmitted within 30 days, and 15.9% experienced one or more adverse events. Statistically signifcant diferences were
identifed for all patient outcomes when comparing patients safely covered (nurse stafng coverage > 90%) and under-covered
(nurse stafng coverage < 90%). Increasing nurse stafng coverage to a safe level (> 90%) is associated with a reduction of the risk
of death (RR: 0.41, 95% CI: 0.37–0.45), a decrease in the risk of hospital readmission (RR: 0.93, 95%CI: 0.89–0.97), and a reduction
of nurse-sensitive adverse events (RR: 0.67, 95% CI: 0.66–0.69).
Conclusion: Safe nurse stafng coverage acts as a protective factor for detrimental patient outcomes, signifcantly reducing the
risk of in-hospital mortality, 30-day hospital readmission, healthcare-associated infections, failure to maintain, and avoidable
critical complications. Further policy eforts are needed to guarantee a safe registered nurse stafng coverage.
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1. Introduction

Reducing avoidable mortality, hospital readmissions, and
adverse events is a top priority to promote patient health and
recovery, improve quality of care, enhance patient safety,
and contain healthcare costs. Evidence on the association
between nurse–patient ratios and patient mortality, length of
stay, and other outcomes has been published in the last
decades [1–6]. Missed nursing care has been found to act as
a mediator of this relationship [7, 8], and the work envi-
ronment has also been identifed to infuence patient out-
comes [9–11]. Moreover, the prevalence of older people with
multimorbidities and disabilities has increased in the last
decades [12], while nurse shortages persist in the healthcare
systems [13]. Increasing service demands further amplify the
existing chronic nurse understafng [14] while stafng ratios
widely difer within and among countries, hospitals, units,
and shifts [4, 15, 16].

Multiple inquires show the impact of nurse stafng
levels (patient-to-nurse ratio) on the quality of patient
care [17]. Despite this evidence, lack of consensus exists
on what is and how to determine safe stafng levels in
nursing [14, 18]. While several patient classifcation
systems and methodologies to cluster patients based on
nursing care requirements have been developed, the need
to consider individual patient acuity in the stafng
equation and to determine the outcomes relate to stafng
still remains [19–21]. In this sense, the dose and ad-
ministration of nursing care, related to total nursing hours
per patient day, to determine the diference between the
available and required number of registered nurse (RN)
hours to sufciently cover patient care demands, have
been scarcely mentioned in the nursing literature in an
explicit manner [14, 22]. Pragmatically, structural nurse
understafng could be understood as sustained nurse
stafng below the minimum recommended, but the
minimum recommended depends on patient acuity in
terms of the number of RN hours required. Recent studies
consider understafng when below the average of the
usual stafng in the wards [23] or at a cutting point below
80% of the median nursing stafng in the units [24].
Nevertheless, this conceptualization might not apply in
practice settings experiencing chronic structural nurse
understafng. In addition, the results from Grifths et al.
[23] demonstrating a U-shaped relationship between
nurse assistants (NAs) and inpatient mortality, and a lack
of top of the curve efect for RN, pose further questioning
on how to defne standards for minimally appropriate
stafng levels [19]. Interestingly, Park’s Optimized Nurse
Stafng Estimation Teory contributes to determine the
maximum quality of care for patients while simulta-
neously delivering nurse stafng in the most cost-efective
way, therefore illustrating that optimal and safe stafng
are not equivalent [25]. In the words of the author “this
innovative multi-dimensional econometric theory also
allows to determine the Optimized Nurse Stafng (Sweet
Spot) and the Optimum Nurse Stafng Zone to mediate
between nurse and stakeholders and establish an
evidence-based economical goal to hire a sufcient

number of nurses to guarantee reasonable patient care.”
Park’s theory (2017), unlike other nursing workforce
studies, is noteworthy for being fexible in terms of input
variables such as the number of nurses, nursing care
hours, and/or skill mix; even so, this theory still needs
further validation using empirical data.

In this respect, diferent patient classifcation systems
have been developed tomeasure nursing workload; however,
only the acute to intensive care (ATIC) patient classifcation
system measures patient acuity based on the weight of the
patient main problem identifed in the nursing care plan,
equivalent to required nursing hours per patient day
(rNHPPD) [26]. Nurse stafng coverage embeds the balance
between RN hours required by each patient to meet their
safety needs and minimize deleterious health outcomes and
the available or real ofered RN hours to each patient [27].
Te diference between available and actually provided RN
hours lies in the fact that the former is a stafng unit-based
metric, whereas the latter is an individual-based variable
measurable only at bedside, after nurse–patient assignment,
and formal or informal reassignments according to their
progress. Previous studies conclude that two-thirds of adult
patients admitted in hospital wards call for more intensive
than acute care, requiring an average of 5.6 RNHPPD, and
this is associated with poor patient outcomes [26, 28]. Te
mean nurse–patient ratio of 1:6 for patients in hospital foors
and the need to move downwards 1:4 are frequently men-
tioned in the stafng literature from North America or
Australia, although inmany other regions of the world, these
ratios are largely away from the actual mean ones [4, 29].

On the other hand, nurse-sensitive outcomes were de-
fned as relevant result measures that refect changes in the
health of patients that are directly afected by nursing care
[30] like mortality or hospital readmission. Despite the ef-
forts of several professional organizations and agencies, no
consensus on which outcomes are considered sensitive to
nursing practice and no standardized defnitions of their
measurement have been achieved yet.

Tis study was aimed at evaluating the association be-
tween nurse stafng coverage and patient outcomes in terms
of in-hospital mortality, 30-day hospital readmissions, and
cluster nurse-sensitive adverse events, including healthcare-
acquired infections, failure to maintain, and avoidable
critical complications, in a context of a structural RN un-
derstafng before the onset of the COVID-19 pandemics.

2. Methods

2.1. Study Design and Setting. Tis is a population-based,
cross-sectional, multicenter design, including patient and
stafng data from 2016 to 2017. Tis study was conducted in
a public hospital system in Catalonia (Spain) including three
hi-tech metropolitan facilities, three urban university cen-
ters, and two community hospitals, accounting for more
than 3000 beds, 145 wards and step-down units, and 130,000
annual patient discharges. Te average nurse per patient
ratio in adult hospital foors was 1:10.5 (6–18) and 1:4 (3–6)
in step-down units. Study approval was granted by the
institutional research ethics committee (PR385/18).
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2.2. Participants. Eligible participants were all those aged 18
or older, admitted to wards and step-down units. Obstetrics,
maternal–child, and pediatric patients were excluded. Ob-
servation units were not included either. Te study was
intended to consecutively include all admitted patients
matching selection criteria. Tis represented an initial
sample estimation of 200,000 adults.

2.3. Data Sources. Patient data were obtained from the
electronic health record system, the hospital minimum
dataset, and the clinical data warehouse. Using the patients’
unique identifcation number, datasets from these sources
were linked. Nurse stafng data were obtained from nursing
human resource databases and ward structural assignment
reports.

Merged patient data were subsequently matched to
stafng data, considering the unit and the time frame each
patient received care within.

2.4. Measures

2.4.1. Patient Acuity and Required RN Hours per Patient day.
Patient acuity measurement was based on the ATIC patient
classifcation system that clusters acuity into 10 categories of
nursing intensity, equivalent to required RN hours per
patient day (rNHPPD) and to nurse per patient ratio
(Appendix 1). Tis system showed sound capacity to dis-
criminate patient acuity [26].

2.4.2. Available RN Hours and RN Stafng Coverage at Unit
Level. Nurses were grouped into a single category, with
a minimum of university bachelor’s degree mandatory for
RN practice in the context of the study. Nursing supporting
staf, licensed practical nurses (LPNs), or NA were not
considered.

Available RN hours were divided by the total number of
patients in the units every day to generate the daily available
RN hours per patient day (aNHPPD), and then they were
aggregated to unit-shift and unit-day level.

Te diference between aNHPPD and rNHPPDwas used
as a measure of the balance of daily NHPPD. Nurse stafng
coverage was defned as the proportion of RN rNHPPD
reached by the aNHPPD.

2.4.3. Patient Outcomes

• In-hospital mortality included patients deceased
during hospitalization as coded on patient hospital
discharge report [3].

• 30-day hospital readmission accounted for the number
of patients who experienced unplanned, all-cause,
acute hospital admission, within 1–30 days after dis-
charge from hospitalization.

• Nurse-sensitive adverse events. Tis study oper-
ationalized nurse-sensitive adverse events as the oc-
currence of one or more of the outcomes categorized
in three clusters: healthcare-associated infections,

failure to maintain, and avoidable critical complica-
tions, not present on admission day (Appendix 2
details terminology codes).

i. Healthcare-associated infections. Surveillance
defnition considers infections due to cross-
contamination between patients and healthcare
workers, physical environment, facility waste
management, or due to medical devices, occurring
after the second day of hospitalization [31]. Tis
study included surgical site infection (SSI), pe-
ripheral and central-line-associated bloodstream
infection (CLABSI), catheter-associated urinary
tract infection (CAUTI), and hospital-acquired
infections requiring isolation precautions for
multidrug-resistant organisms (MROs).

ii. Failure to maintain. Defned as cascade-efect
complications deriving from patient functional
and cognitive decline, the proposal for this quality
indicator included pressure injuries, pneumonia,
urinary-tract infection (UTI), and delirium [32].
Tis inquiry accounted hospital-acquired failure to
maintain complications, not present on admission,
that may persist at discharge, including pressure
injuries, delirium, aspiration pneumonia, hypo-
static pneumonia, persistent incontinence, venous
catheter-related phlebitis, and falls with or without
injury.

iii. Avoidable critical complications. Tis cluster in-
cluded those cascade-efect, life-threatening compli-
cations dependent on missed nursing care, nurses’
early recognition, escalation, and decision-making
[33], considering cardiac arrest, shock, thrombotic
events, and sepsis, not present on the admission day.

2.5. Data Analysis. Baseline characteristics of participants
were described using mean and standard deviation for
continuous variables and frequencies for categorical variables.

Safe nurse stafng coverage threshold was based on the
incidence curves of the main outcomes, employing range
estimates of lower incidence points resulting in > 90%.

Risk factors found in previous studies were considered as
covariates [3]. Patient features for the adjustment of out-
comes included age, gender, admission type (planned or
unscheduled), reason for admission, and clinical assignment
(medical or surgical). Hospital characteristics considered
unit level (ward or step-down unit) and hospital level
(hi-tech or other).

A modifed Poisson regression with mixed efects and
robust error estimates by the sandwich method was used to
assess the association between nurse stafng coverage and
patient outcomes. Use of mixed models was necessary to ac-
count for correlation between participants within hospital.
Potential confounders considered for adjustment in the mul-
tivariate models included previously mentioned covariates.
Risk ratio (RR) and 95% confdence intervals were estimated to
assess the association while illustrating the adjusted efect of the
study exposure. All statistical analyses were conducted using R
version 3.5.1.

Journal of Nursing Management 3
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3. Results

Initial study population accounted for 199,761 adult in-
patients. Te fnal analysis excluded 16,084 of cases due to
inconsistencies, duplicates, or absence of data to determine
patient acuity (8.3%). Patients identifed as close to the end
of life at point of admission were excluded, given its close
relationship with mortality and other study outcomes
(n� 592).

A fnal sample of 183,085 participants were considered
for analysis, accounting for 1,265,068 patient-days. Te
patients’ mean age was 64.1 years (SD 17.4); most were male
adults (56%), admitted to high-tech hospitals (56.8%), in
medical wards (52.2%), with unscheduled admission
(55.3%). Te proportion of patients with high or very high
APR-DRG severity and risk of mortality [26] was 23.5% and
17.5%, respectively.Temost frequent reasons for admission
were cardiocirculatory conditions (16.6%) and infections
(14.9%) (Table 1).

3.1. Patient Acuity and Stafng Measures. Table 2 details
patient acuity, stafng measures, and outcome descriptive
fndings.

Almost two-thirds of inpatients (64.8%) were clustered
into more intensive than acute care acuity groups, mostly
focused on the intensifcation and intermediate categories
(3.5–7.0 rNHPPD). Te average patient acuity was equiv-
alent to 4.5 rNHPPD (SD 1.7). Te mean aNHPPD varied
among hospitals and units, from 1.6 in a medical unit to
6.0 aNHPPD in most step-down units. Te average
aNHPPD was 2.6 (SD 0.9).

On average, nurse stafng coverage was 65.5%, ranging
from lower than 30% to higher than 90%. Te mean nurse
stafng coverage was higher in high-tech hospitals (71.8%)
when compared to other facilities (58.1%).

3.2. Patient Outcomes. Overall, 3419 patients died during
hospitalization (1.9%), 9214 were readmitted within 30 days
(5%), and 29,158 experienced adverse events (15.9%).

Mortality was lower in hi-tech hospitals when compared
to the other facilities (1.7% vs. 2.0%), as well as 30-day
hospital readmission (4.7% vs. 5.2%). Conversely, adverse
events were more frequently documented in hi-tech facilities
(16.5% vs. 15.1%) (Table 2).

Patients in the preintensive group had higher 30-day
readmission and mortality values (9.8% and 5.5%, re-
spectively) than those in the intermediate category (7.0%
and 3.3%, respectively). While the incidence of adverse
events was almost identical in both groups (26.9% vs.
26.6%), patients in the preintensive cluster had a higher
frequency of failure to maintain (20.9% vs. 16.0%) and
lower incidence of healthcare-associated infection (7.5%
vs. 10.3%) and avoidable critical complications (3.3% vs.
7.0%).

When clustering patients according to their reason for
admission, the average nurse stafng coverage was below the
overall mean (65.5%) in patients admitted for digestive
conditions (mean nurse stafng coverage 58.1%), infections

(43.0%), respiratory diseases (45.0%), hematologic and
immunologic disorders (43.8%), and other conditions
(35.6%) (Table 3).

3.3. Association Between Safe Nurse Stafng Coverage and
Patient Outcomes. Te incidence curve for outcomes at
diferent levels of nurse stafng coverage exhibits decreasing
trends as the nurse stafng coverage increases. Lower in-
cidence values are observed at nurse stafng coverage be-
tween 75% and 125% for mortality, 85%–110% for a 30-day
hospital readmission, and 90%–100% for adverse events.
Tese values orient safe nurse stafng coverage at a target
point of over 90% (Figures in Appendix 3).

Statistically signifcant diferences were identifed for all
patient outcomes when comparing patients safely covered
(nurse stafng coverage > 90%) and under-covered (nurse
stafng coverage < 90%), except for the case of cardiac arrest
(p � 0.15) and surgical site infection (p � 0.40) (Table 4).

Table 1: Baseline sample characteristics.

Characteristic

Study
population
(n= 183,085)
No (%)

Demographic characteristics
Age (years)_mean (SD) 64.1 (17.4)
Age≥ 75 years 57,523 (31.4)
Male sex 102,486 (56)
Medical ward 95,491 (52.2)
Psychiatric ward 608 (0.3)
Surgical ward 87,594 (47.8)
Step-down unit 13,559 (7.4)
Unscheduled admission 101,169 (55.3)
Length of stay_mean (SD) 6.9 (9.3)
Discharge to another facility 7328 (4)
Severity (APR-DRG 3-4) 43,095 (23.5)
Mortality risk (APR-DRG 3-4) 32,084 (17.5)
High-tech hospital 103,958 (56.8)

Reason for admission
Cardiocirculatory 30,336 (16.6)
Infectious 27,208 (14.9)
General surgery 20,766 (11.3)
Trauma and orthopedics 19,951 (10.9)
Digestive, liver, and pancreatic 1979 (10.8)
Nervous system 15,472 (8.5)
Kidney and urinary tract 13,959 (7.6)
Respiratory 10,971 (5.6)
Reproductive 8257 (4.5)
Head, neck, and maxillofacial 5501 (3.0)
Metabolic, nutritional, and endocrinology 3064 (1.7)
Hematopoiesis, blood, and immunologic 2705 (1.5)
Psychiatric, mental health, and addictions 1192 (0.7)
Skin and burns 907 (0.5)
Eyes 857 (0.5)
Other conditions 2159 (1.2)

Note: Other condition groups mainly included admissions for unspecifc
clinical decline related to advanced neoplastic disease in fragile adults.
Abbreviations: aNHPPD� available RN hours per patient day, APR-DRG� all
patient refned diagnosis-related groups, IQR� interquartile range,
rNHPPD� required RN hours per patient day, SD� standard deviation.
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Multivariate analysis demonstrates the association be-
tween safe nurse stafng coverage and patient outcomes
(Table 5). After adjusting the regression model for cova-
riates, the RRs of mortality and 30-day hospital readmission
were 0.41 (95% CI: 0.37–0.45) and 0.93 (95% CI: 0.89–0.97),
respectively. Te RRs of adverse event were 0.67 (95% CI:
0.66–0.69), in terms of healthcare-associated infections (RR:
0.60, 95% CI: 0.57–0.63), failure to maintain (RR: 0.69, 95%
CI: 0.67–0.72), and avoidable critical complications (RR:
0.46, 95% CI: 0.43–0.49).

4. Discussion

Tis study examined the association among nurse stafng
coverage, the proportion of rNHPPD reached by the
aNHPPD, and in-hospital mortality, 30-day hospital read-
mission, and three cluster adverse events in a context of
structural understafng, before the onset of the COVID
pandemics.

Te main fnding of this inquiry is that safe nurse stafng
coverage (> 90%) is associated with a signifcant reduction in
the risk of inpatient mortality, 30-day hospital readmission,
and adverse events. RR values in the adjusted regression
model indicate that safe nurse stafng coverage acts as
a protective factor for all analyzed outcomes. Tese results
provide additional support to the body of research demon-
strating a positive relationship between appropriate nurse
stafng and a decreased risk of mortality, hospital read-
mission, and adverse events. Our fndings could be

considered an empirical testing approach of the Park’s Op-
timized Nurse Stafng EstimationTeory [25] in the hospital
setting.

Life expectancy at age 60 in the country of this study is
one of the highest in the world [34]. Standardized death rates
from chronic diseases are among the lowest in Europe [35].
Inpatient mortality rates in the region (3.2%) are the lowest
at the national level (4.2%) and below the mean of the EU
(4.0%) [36–38]. Inpatient mortality incidence in this study
(1.9%) is coincident with the values reported by Needleman
et al. [3].

Our fndings align with other previous inquiries on the
association between nursing stafng and 30-day mortality
[1, 4], as well as with inpatient mortality, found to be sig-
nifcantly associated with nurse understafng [3]. While
a previous study found no top of the curve for the association
between RN stafng and mortality [23], our fndings draw
a U-shaped curve; however, the diferences on the study
designs, stafng values (mean aNHPPD 4.7 vs. 2.6), and
mortality measures must be considered. To what extent
diferent levels of RN stafng are associated with mortality is
still unanswered.

In this study, overall, a 30-day hospital readmission in-
cidence was 5%, with higher readmission rates for patients
admitted due to advanced oncologic conditions, hematologic
and immunologic disorders, digestive, kidney, and infectious
diseases, similar to themost frequent 30-day all-cause hospital
readmission groups by principal diagnosis at the index ad-
mission reported [39]. Nevertheless, readmission rates in our

Table 4: Safety levels of nurse stafng coverage and patient outcomes.

Outcomes
All ≤ 90 coverage > 90 coverage

p-valuen= 183,085 n= 145,093 (79.2) n= 37,992 (20.8)
N (%) N (%) N (%)

Patient outcomes
Mortality 3419 (1.9) 3055 (2) 364 (0.9) < 0.001
Hospital readmission (< 31 days) 9214 (5) 8048 (5.5) 1166 (3.07) < 0.001

Nurse-sensitive adverse event 29,158 (15.9) 25,282 (17.4) 3876 (10.2) < 0.001
HCA infectiona 9978 (5.5) 8806 (6.1) 1172 (3.1) < 0.001

Surgical site infection 2092 (1.1) 1642 (1.1) 450 (1.2) 0.40
CLABSI 537 (0.3) 491 (0.3) 46 (0.1) < 0.001
Multidrug-resistant organism infection 6000 (3.3) 5477 (3.8) 523 (1.4) < 0.001
Urinary tract infection 747 (0.4) 693 (0.5) 54 (0.1) < 0.001

Failure to maintainb 19,148 (10.5) 16,353 (11.3) 2795 (7.4) < 0.001
Aspiration pneumonia 1206 (0.7) 1025 (0.7) 181 (0.5) < 0.001
Delirium 3138 (1.7) 2555 (1.8) 583 (1.5) 0.003
Pressure ulcer 1669 (0.9) 1407 (1) 262 (0.7) < 0.001
Incontinence 2282 (1.2) 2014 (1.4) 268 (0.7) < 0.001
Falls 1216 (0.7) 1040 (0.7) 176 (0.5) < 0.001
Venous catheter-related phlebitis 9822 (5.4) 8341 (5.8) 1481 (3.9) < 0.001
Hypostatic pneumonia 1478 (0.8) 1318 (0.9) 160 (0.4) < 0.001

Avoidable critical complications 5825 (3.2) 5204 (3.6) 621 (1.6) < 0.001
Cardiac arrest 386 (0.2) 294 (0.2) 92 (0.2) 0.15
Shock 1769 (1) 1529 (1.1) 240 (0.6) < 0.001
Trombotic event 1148 (0.6) 1051 (0.7) 97 (0.3) < 0.001
Sepsis 3311 (1.8) 3019 (2.1) 292 (0.8) < 0.001

Abbreviations: CLABSI� central line-associated bloodstream infection, HA� hospital-acquired.
aIncluded those patients with Aspiration pneumonia event.
bIncluded those patients with HA urinary tract infection event.
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study are below these updated values and the ones referred in
other reports [39, 40]. Tis might be probably related to the
fact that this study included any all-cause acute readmission
within 30 days of discharge, not within 30 days of discharge
from the admission index [41]. In addition, our study was
conducted in a public healthcare system within a universal
health coverage model, substantially diferent from that of the
report referred toMedicare, Medicaid, uninsured, and private
insured patients in the US [39, 42].

Hospital readmission has been related to substandard
care, represents a burden for patients, and increases costs.
Several inquiries found an association between 30-day
hospital readmission with nursing stafng, with high-
level nurse stafng hospitals being more prone to avoid
this outcome [43–45]. One of them, with a large sample of
chronic respiratory patients, found that a higher number of
RN was associated with a lower risk of readmission rates
(7.9%–8.9%) [45]. With caution, this fnding might be
considered consistent with our results. Additionally, pa-
tient readiness for discharge, an outcome within the scope
of professional nurses’ accountability, may be a related
measure but it was not considered in our study. Poor
readiness for discharge was identifed as an individual
complexity factor [46], and it was related to early read-
mission [40, 41].

Furthermore, previous studies have related nursing
stafng to several adverse events, including failure-to-rescue
[9, 47, 48], cardiac arrest [49], medication errors [50], and
healthcare-associated infections [27]. In the same direction,
worse nursing stafng is associated with higher risk for
patients and therefore is an indicator of a hospital’s capacity
to provide quality nursing care [51].

A group of largely preventable complications,
healthcare-associated infections are mostly caused by less
than 20 microorganisms, among which 20% exhibit
multidrug-resistant phenotypes [52]. Prevalence is esti-
mated at 9%–20%, while incidence is estimated at 5%–10%
[52–54]. At the cluster level, this study considered not
present on admission SSI, CLABSI, CAUTI, MRO, and
aspiration pneumonia, with an overall frequency reaching
5.5%.

Overall, a low incidence of healthcare-associated in-
fections in this study is probably related to the use of hospital
minimum dataset as source data for these measures, sug-
gesting poor discharge coding of these events at the ad-
ministrative data level. Cautionary notes have been raised in

the specialized literature regarding the limited and highly
variable accuracy of administrative data for the purposes of
healthcare-associated infection surveillance [55], an issue
that must be acknowledged as a signifcant limitation in our
study. Notwithstanding this gross approach, the results of
this inquiry align with previous studies demonstrating that
increased stafng is related to a decreased risk of healthcare-
associated infections [27, 56].

Similarly, according to the fndings, nurse stafng
coverage under 90% is signifcantly associated with failure to
maintain complications, which are potentially preventable
with basic nursing care interventions and are known to
occur as a consequence of care rationing [33].Worse nursing
stafng was associated with basic nursing care left undone
and higher mortality rates [8, 57]; however, no previous
clinical studies on the association between nurse stafng and
failure to maintain have been found, neither for the asso-
ciation between nurse stafng and aspiration or hypostatic
pneumonia, delirium, and persistent incontinence. Con-
tradicting results are observed for the association between
nurse stafng and pressure ulcers, while higher nurse stafng
has been strongly associated with fewer inpatient falls
[58, 59]. Only a few previous studies on the association
between nurse stafng and infusion phlebitis were located
[28, 60]. Appendix 4 summarizes additional considerations
on the detailed adverse events.

On the other hand, the association between nurse
stafng on failure to rescue was demonstrated in previous
studies [9, 47]. Similarly, evidence assessing nursing sur-
veillance on survival after cardiac arrest and the efect of
better nurse stafng on this outcome has been published
[49, 61]. Tis inquiry was intended to assess the association
between nurse stafng coverage and life-threatening
complications, potentially preventable with proper sur-
veillance, early recognition, escalation, and decision-
making. Frequency values of shock and cardiac arrest in
our study (1.2%) are quite consistent with the incidence
rates reported in a previous one (1.4%), while values are
signifcantly higher for sepsis (1.8% vs. 0.9%) and lower for
thrombotic events (0.6% vs. 1.3%) [48]. Multivariate
analysis fndings demonstrated a strong association be-
tween safe nurse stafng coverage and a decreased risk of
avoidable critical complications, aligning with the results of
the mentioned study, evidencing signifcant association for
RN stafng and shock, cardiac arrest, and other outcomes
[48, 62].

Table 5: Association between nurse stafng coverage and patient outcomes.

Outcomes
Before adjustment After adjustment

Risk ratio 95% CI Risk ratio 95% CI
Mortality 0.44 0.42–0.46 0.41 0.37–0.45
Readmission 0.81 0.79–0.83 0.93 0.89–0.97
NSAE 0.57 0.56–0.58 0.67 0.66–0.69

Healthcare-associated infections 0.50 0.48–0.51 0.60 0.57–0.63
Failure to maintain 0.62 0.61–0.64 0.69 0.67–0.72
Avoidable critical complications 0.44 0.42–0.46 0.46 0.43–0.49

Note: Multivariate analysis was adjusted by age, gender, admission type, reason for admission, clinical assignment, and hospital characteristics.
Abbreviations: CI� confdence interval, NSAE� nurse-sensitive adverse event.
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4.1. Strengths and Limitations. Te strengths of this study
include its large sample size, the identifcation of patient
acuity distribution, and the measure of nurse stafng cov-
erage refecting the balance between rNHPPD and
aNHPPD. Our fndings on the association among nurse
stafng and in-patient mortality, hospital readmission,
healthcare-associated infections, and avoidable critical
complications reinforce the existing evidence and align with
Park’s Optimized Nurse Stafng Estimation Teory [25]. In
addition, this is the frst study demonstrating a statistically
signifcant association between nurse stafng and failure to
maintain as a cluster nurse-sensitive outcome.

Inquiries on the relationship between nurse stafng and
patient outcomes use nurse–patient ratio, full-time equiv-
alents, skill-mix, nurse-perceived stafng adequacy, or
nurse-reported number of assigned patients as stafng
measures; however, NHPPD has been identifed as the most
reliable and frequently used variable [63]. Tis study
employed nurse stafng coverage as a derivate measure of
NHPPD and a patient classifcation system that, despite
some acknowledged limitations [26], exhibits remarkable
predictive ability for patient acuity [26, 28].

Similar to recent studies, this inquiry did not include NA
hours, considering these healthcare workers as a comple-
ment, not a substitute for RN [23, 48]. Te idea that some
patient care can be provided by NA without afecting patient
outcomes is more an assumption than an evidence-based
fact, and probably, chronic RN understafng have fed this
widespread belief. On the contrary, prior studies have
demonstrated the efect of richer skill-mix, or higher pro-
portion of RN, and a reduced risk of mortality and other
quality indicators [64]. Even for those adverse events that
could be assumed as a potentially sensitive to NA, since they
relate to basic nursing care, avoiding cascade-efect com-
plications from functional and cognitive decline required
not only performance skills but also clinical judgment
abilities acknowledged for RN, not for NA.

On the other hand, advancing that 90% target point for
safe nurse stafng coverage could be considered arbitrary
[19], this value was set based on the incidence curves of the
main outcomes. A high proportion of patients (79.2%) fell
into the unsafe nurse stafng coverage group, indicating the
existence of structural nurse understafng in the context of
the study. Furthermore, the average aNHPPD was signif-
cantly lower when compared to that reported by Grifths
et al. (2.6 vs. 4.7) [23]. Existent structural nurse understafng
would prevent the use of other measures for determining
understafng, such as stafng below the usual mean or
median [23, 27].

In addition to those implicit in a cross-sectional design,
several limitations should be considered when interpreting
the results of this study.

First, acuity was measured based on the patient main
problem identifed by RN in the patient frst care plan, ruling
out subsequent changes. Since patient needs may change
over time and are not lineally distributed across days
[14, 65], a longitudinal design would increase accuracy. In
this same sense, aNHPPD in this study is not actually
provided RNHPPD but available at the unit level.Te role of

RN prioritization and actual time devoted to each patient has
not been explored. In this sense, previous studies showed
that nurse turnover, nurses’ extended work hours, and
foating staf between units and temporary hires were as-
sociated with nurse and patient outcomes [66–68]. To date,
most of the nursing patient classifcation systems are based
on scores that measure selected nursing tasks. Tey may
explain the nursing workload, but they are not predictive of
acuity according to the patient needs [69]. Te ATIC patient
classifcation system used in our study allows us to de-
termine patient acuity, according to main nursing diagnoses
in terms of rNHPPD. Tis system revealed notable pre-
dictive ability for patient acuity [26]; it is implanted in the
managerial daily practice [70] and has been used in a pre-
vious study to demonstrate the association of nurse stafng
coverage levels and selected patient outcomes [28]. Although
we are not knowledgeable about previous studies that used
patient classifcation systems based on nursing diagnoses,
our methods concur with previous inquires that used patient
workload scores that consider not only patient-related tasks
but also psychosocial status and nursing care plans of
electronic health records [71, 72].

Second, outcome data were collected from the electronic
health record and the hospital’s minimum datasets during
a prepandemic period. Although these data sources might be
considered more objective than surveyed or nurse-reported
data, concerns on administrative data use for research
purposes have been raised [2, 48, 55]; thus, adverse event
rates in this study are probably underestimated. Tis is an
acknowledged limitation in similar studies [50]. To mini-
mize this efect, adverse event data were collected from the
source that might provide more accurate data, based on
a previous study where RN demonstrated higher accuracy
than physicians at diagnosing and charting pressure injuries,
and similar accuracy for SSI, while physicians exhibited
higher accuracy for the diagnosis and documentation of
aspiration pneumonia [73]. As referred in the literature, it
must also be acknowledged that adverse event data from
high-tech hospitals in this study were more accurate than
data from other facilities [48]. Potential confounders related
to patient and hospital characteristics were included for
adjustment in the multivariate models. Although patient
comorbidities were not considered in this inquiry, we have
included the reason for admission, unit level, and clinical
assignment. Moreover, future studies should evaluate
whether nursing coverage and patient health outcomes
improve after stafng policy efort implementation.

Tird, the study considered not present on the admission
day instead of after the second day of hospitalization oc-
currence outcomes; this is a signifcant limitation, mostly for
healthcare-associated infections.

Fourth, prior evidence legitimates mortality, failure to
rescue, 30-day hospital readmission, and healthcare-
associated infections as nurse-sensitive outcomes. Not-
withstanding, there is a need to advance in the clarifcation
of detailed coding and univocal identifcation of the con-
tent of each adverse event, with particular focus in those
specifc adverse events in the junction between two or more
clusters, such as the case of aspiration pneumonia or UTI,
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that can be classifed into the healthcare-associated in-
fections or the failure to maintain clusters. Similarly, sepsis
has been previously grouped as a healthcare-associated
infection [27] and an avoidable critical complication
[48]. Peripheral-venous catheter phlebitis was not origi-
nally included in the failure to maintain construct [33],
neither was applicable as a healthcare-associated infection
or an avoidable critical complication, even though it is
a known risk factor for both line-associated bloodstream
infection [74] and line-associated thrombotic events
[75, 76]. Clustering adverse events in this study was based
on the available literature and, ultimately, on the authors’
consensus. Refned detailed adverse events are also needed
to advance in cost estimates.

4.2. Implications for NursingManagement. Our study shows
the association of safe nurse stafng coverage and health
outcomes using the ATIC patient classifcation system,
measuring patient acuity based on the weight of the patient
main problem, equivalent to rNHPPD. From a managerial
perspective, the innovative multi-dimensional econometric
theory posed by Park may reach a sense far beyond home
healthcare, as our methods and fndings on inpatients align
with the essential concepts of this theory [25]. Evidence on
strategies for implementing viable safe nurse stafng policies
in practice is still scarce [77]. Tis study shows the associ-
ation of nursing coverage and patient outcomes using
a target point of safely covered > 90% and provides a tool to
determine safety nursing coverage, according to patient
needs that might be used to inform policymakers and assist
nurse managers’ decision-making, while considering the
optimum nurse stafng zone proposed by Park [25].

Up to now, nursing stafng ratios have not improved
despite mainstream nursing workforce research and the
impact on patients’ health outcomes [6, 77, 78]. Te use of
theory-based tools to determine nurse stafng needs
according to the complexity and acuity of patients should be
encouraged in daily managerial practice to ensure patient
safety and quality of care. Managers’ education on nurse
stafng theory concept understanding and its translation
into applicable strategies for practice is probably needed.

Te current shortage of nurses in the healthcare systems
is a priority in the nursing agenda, although it may not be for
some policymakers [13]. Ten, nurse executives’ strategic
investments may lead to improved health workforce plan-
ning and probably will be pivotal in implementing health
policy reforms and anticipating future population needs. In
fact, the strategic plan of the Catalan Institute of Health
provides a policy oriented to progressive appropriateness
nursing stafng in hospital patient wards based on safety
nursing coverage [70].

Finally, many patient complications might be occurring
in a cascade sequence originated with missed basic nursing
care, either related to structural nurse understafng or to
task-oriented care delivery models. In the latter case, nursing
care provision is managed by means of patient care as-
signment division between RN and NA, instead of in a pa-
tient-centered approach, where the RN is accountable for all

nursing care and NAs have a complementary role. In the
setting of this inquiry, both models coexist [70], with ward
teams fully committed to promote nurse autonomy and
a patient-centered approach and units still functioning
under a Taylorian-like task-approach [79]. Te signifcant
contribution of Park’s theory is acknowledged, showing the
relationship between minimum and optimal nursing stafng
[77], challenging further studies contributing to a deeper
understanding on the threshold of professional nurse staf
and complementary staf needed to achieve optimal out-
comes [19], as well as studies on stafng and care left undone
and on NA patient care left unsupervised in task-oriented
care delivery settings, while shifting to upgrade the work
environment, and increase RN stafng to improve patient
outcomes.

5. Conclusion

In a context of prepandemic structural understafng, nurse
stafng is signifcantly associated with nurse-sensitive out-
comes. Safe RN stafng coverage (> 90%) acts as a protective
factor for detrimental patient outcomes, signifcantly re-
ducing the risk of in-hospital mortality, 30-day hospital
readmission, and cluster nurse-sensitive adverse events in
terms of hospital-acquired infections, failure to maintain,
and avoidable critical complications in adult inpatients.
Immediate future policy eforts are needed to guarantee safe
nurse stafng coverage.
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