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Abstract

Background: Nursing-sensitive events (NSEs) are common, accounting for up to 77% of adverse events in hospitalized patients
(eg, fall-related harm, pressure ulcers, and health care–associated infections). NSEs lead to adverse patient outcomes and impose
an economic burden on hospitals due to increased medical costs through a prolonged hospital stay and additional medical
procedures. To reduce NSEs and ensure high-quality nursing care, appropriate nurse staffing levels are needed. Although the link
between nurse staffing and NSEs has been described in many studies, appropriate nurse staffing levels are lacking. Existing
studies describe constant staffing exposure at the unit or hospital level without assessing patient-level exposure to nurse staffing
during the hospital stay. Few studies have assessed nurse staffing and patient outcomes using a single-center longitudinal design,
with limited generalizability. There is a need for multicenter longitudinal studies with improved potential for generalizing the
association between individual nurse staffing levels and NSEs.

Objective: This study aimed (1) to determine the prevalence, preventability, type, and severity of NSEs; (2) to describe individual
patient-level nurse staffing exposure across hospitals; (3) to assess the effect of nurse staffing on NSEs in patients; and (4) to
identify thresholds of safe nurse staffing levels and test them against NSEs in hospitalized patients.

Methods: This international multicenter study uses a longitudinal and observational research design; it involves 4 countries
(Switzerland, Sweden, Germany, and Iran), with participation from 14 hospitals and 61 medical, surgery, and mixed units. The
16-week observation period will collect NSEs using systematic retrospective record reviews. A total of 3680 patient admissions
will be reviewed, with 60 randomly selected admissions per unit. To be included, patients must have been hospitalized for at least
48 hours. Nurse staffing data (ie, the number of nurses and their education level) will be collected daily for each shift to assess
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the association between NSEs and individual nurse staffing levels. Additionally, hospital data (ie, type, teaching status, and
ownership) and unit data (ie, service line and number of beds) will be collected.

Results: As of January 2024, the verification process for the plausibility and comprehensibility of patients’ and nurse staffing
data is underway across all 4 countries. Data analyses are planned to be completed by spring 2024, with the first results expected
to be published in late 2024.

Conclusions: This study will provide comprehensive information on NSEs, including their prevalence, preventability, type,
and severity, across countries. Moreover, it seeks to enhance understanding of NSE mechanisms and the potential impact of nurse
staffing on these events. We will evaluate within- and between-hospital variability to identify productive strategies to ensure safe
nurse staffing levels, thereby reducing NSEs in hospitalized patients. The TAILR (Nursing-Sensitive Events and Their Association
With Individual Nurse Staffing Levels) study will focus on the optimization of scarce staffing resources.

International Registered Report Identifier (IRRID): DERR1-10.2196/56262

(JMIR Res Protoc 2024;13:e56262) doi: 10.2196/56262
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Introduction

Overview
The link between patient outcomes and adequate nurse staffing
levels has been extensively studied internationally over the last
2 decades. To avoid negative patient outcomes, such as adverse
events, adequate staffing levels and combinations of skills and
grades are needed. In hospital settings, up to 77% of adverse
events are attributed to nursing care [1]. Nursing-sensitive events
(NSEs) are part of adverse events that are specifically affected,
caused, and influenced by the processes or structures of nursing
care, though nursing is not exclusively responsible [2]. Examples
of NSEs are hospital-acquired urinary tract infections, pressure
ulcers, pneumonia, or deep venous thrombosis [3]. NSEs may
be accompanied by additional monitoring or treatment [4].
Compared to studies on adverse events and their characteristics,
few studies include all types of NSEs and their prevalence,
preventability, and severity [5]. A recently published study
exploring NSEs in home care settings found that 73% of the
NSEs were preventable, and approximately 37% resulted in
temporary harm that required additional health care resources
[6]. In addition to the burden on the patient, NSEs generate high
medical costs by necessitating additional monitoring or treatment
[5,7]. Different methods to identify and assess NSEs are
available. Currently, there is no gold standard for identifying
and assessing NSEs. However, retrospective record review
(RRR) methods, such as the Global Trigger Tool [5] and the
Harvard Medical Practice Study methodology [8], seem most
promising. Compared to other methods (eg, critical incident
reporting systems and patient safety indicators), record review
facilitates the detection of more adverse events, thereby
minimizing the underreporting of NSEs [9]. To prevent and
reduce NSEs and ensure quality nursing care, appropriate nurse
staffing levels are needed [8,10]. Nurse staffing refers to the
number and qualifications of nurses relative to the care demands
of patients, often expressed as staffing levels (eg,
nurse-to-patient ratios), skill mix (ie, the composition of the
nursing team in terms of qualifications), and grade mix (ie,
educational levels of the nursing team) [9]. Providing optimal
nurse staffing levels has been a challenge for health care systems

worldwide. Having too few nurses increases the risk of NSEs
and decreases the quality of care (F Gratwohl, N Grossmann,
S Musy, and M Simon, unpublished data, September 2018)
[11,12]; it also increases the risk of nurse burnout and job
dissatisfaction, which impedes the recruitment and maintenance
of the nursing workforce [13]. Evidence suggests that the
occurrence of negative patient outcomes is related to staffing
[14], but there is a lack of systematic reviews focusing on
different types of NSE.

Despite studies that substantiated the link between nurse staffing
and NSEs [14-16], operational and methodological challenges
have limited the practical impact of this research. Typically,
staffing studies describe only constant staffing exposure at the
unit or hospital level without assessing individual patient-level
exposure to nurse staffing during the hospital stay [17].
Methodological challenges include the omission of important
variables (eg, shift patterns, skill mix, and patient turnover)
[10,16]; common method variance (ie, dependent and
independent variables derived from the same survey of nurses);
and simultaneity, which refers to common-cause variables
affecting both staffing and outcomes, such as patient severity
[16]. Only a few studies have assessed nurse staffing and patient
outcomes using a longitudinal study design [10,15,18], and most
of these studies were single-center studies; there is a lack of
multicenter or international studies allowing generalizability.
Therefore, there is a need for multicenter longitudinal studies
of the association between individual patient-level exposure to
nurse staffing and all types of NSEs, with improved potential
for generalization.

To advance the field, there is a strong need to determine the
optimal intervention strategies for nurse staffing levels required
to reduce the risk of NSEs. This study is the first step in
generating data aimed at structuring and planning future
intervention strategies.

Objectives
The overall aim of the TAILR (Nursing-Sensitive Events and
Their Association With Individual Nurse Staffing Levels) study
is to investigate the association between NSEs and individual
nurse staffing levels. The specific aims are as follows:
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1. To determine the prevalence, preventability, type, and
severity of NSEs across sites using structured RRR
methodology

2. To describe individual patient-level nurse staffing across
hospitals

3. To describe the effect of nurse staffing on NSEs in
hospitalized patients

4. To determine thresholds of safe nurse staffing levels and
test them against NSEs in hospitalized patients

Methods

Design
TAILR is an international multicenter study with a longitudinal
and observational research design, running from 2021 to 2025.
Altogether, 4 countries are participating in the study:
Switzerland, Sweden, Germany, and Iran. Those countries make
up the international TAILR consortium. Except for Switzerland,
all data will be collected within the TAILR study. For
Switzerland, data from the CroWiS (Crowd Working in der
Schweiz) study will be used for data collection and analyses.
CroWiS is a multimethod study with the overall aim of
investigating the effect of temporary nurses in Switzerland [19].

Setting and Sample
For the different countries, different numbers of hospitals and
units are included in the TAILR study. The numbers of
participating hospitals and units range from 1 to 4 hospitals and

4 to 21 units, depending on the country. Across all countries, 4
medical, surgical, or mixed units for each hospital are
participating in the study, which is a total of 11 hospitals and
49 units. The study also includes acute care hospitals providing
elective care. The inclusion criteria for units are as follows: they
must have at least 10 patient beds and are either medical or
surgical. Units with elevated levels of care, such as intensive
or intermediate care, will be excluded, as these units have higher
levels of staffing. In Sweden, 1 of the 4 hospitals is a pediatric
hospital that is part of a university hospital providing adult care
as well. For this pediatric hospital in the TAILR study, 9 units
will be included. For pediatric care, neonatal care units will be
included, but these data will be analyzed separately in the
pediatric cohort. Table 1 shows the setting and sample
information for each country.

During the 16-week observation period, 60 admissions will be
randomly selected from all eligible admissions per unit and will
be reviewed. For adult care, patients ≥18 years of age will be
included. For pediatric care, no inclusion criteria for age will
be applied. All patients must be hospitalized for at least 48 hours
at a TAILR unit, and the admission record must be closed. The
stay in the TAILR unit ends after patients have been discharged,
when the length of stay exceeds 14 days or when patients are
transferred from the TAILR unit for more than 12 hours. If the
patient has a length of stay >14 days, the data collection ends
at the end of day 14. If a patient is readmitted, this admission
is considered a new admission.

Table 1. Number of hospitals, units, and patients, along with shift system information, including the number of shifts for each country and in total.

Number of shifts, nPatient admis-
sion, n

Shifts per day, nUnits, nHospital, nCountry and hospital

WeekendWeekday

Germany

Minimum 1152Minimum 28807203-14123Acute adult care hospital

Iran

1921152240341Acute adult care hospital

Sweden

115228807203123Acute adult care hospital

8642160560391Pediatric care hospital

201650401280N/Aa214Total

Switzerland

115228807203123Acute adult care hospital

All countries

Minimum 3648Minimum 97922400N/A4010Acute adult care hospital

8642160560N/A91Pediatric care

Minimum 4512Minimum 11,9522960N/A4911Total

aN/A: not applicable.
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Variables and Measurements

Patient Characteristics and NSEs
Patient characteristics (eg, age and sex), clinically relevant
variables (eg, primary diagnosis and patient-based workload
for activities of daily living), and NSEs will be collected from
patient records using systematic RRR, inspired by commonly
used RRR methods. For the collection of the type of NSEs, we
will use a set of predefined events (eg, deficiencies in drug
management, deterioration of vital signs, health care–associated
infections, gastrointestinal impairment, pain, and pressure ulcer)
based on a literature review [3,5,6,20]. Furthermore, there is an
option to enter “other” NSEs in the patient record, which allows
all types of NSEs to be included. In addition to the type of NSE,
preventability, severity, timing, origin, and potential contributing
causes will be assessed per NSE. For severity, a slightly
modified version of the National Coordinating Council for
Medication Error Reporting and Prevention will be used, ranging
from “An event that reached the patient but did not cause harm”
to “Contributed or resulted in the patient’s death.”

Staffing Assessment
The shift-level nurse staffing data of the participating units will
be collected using routine data or data from unit schedules
depending on the hospital. For each day and each shift during
the observation period of 16 weeks, each registered nurse (RN),
specialist RN, nurse with an associate nursing degree (AND),
unqualified helper, and student or trainee directly involved in
patient care on the unit will be considered in the staffing
assessment. Informal caregivers will be excluded. The
assessment also includes whether the staff member is a
temporary worker on the unit. We define “temporary” as a staff
member deployed from a different unit than the target TAILR
unit, a hospital pool, or an external agency. We will not
differentiate between temporary nurses who only work for a
single or few shifts and nurses who are deployed for weeks or
months. To identify shifts with missing nurses, we will clarify
whether the number of staff on this shift was as planned or not.
If not, the missing number of nurses stratified by nursing degree
will be entered.

Patient Counts and Turnovers
To assess the workload of nurses in relation to patient turnover,
routine data regarding the number of patients, discharges,
admissions, and transfers will be collected. Moreover, we will
assess the number of out-of-specialty patients to account for
additional workload for nurses.

Unit Survey
The study-specific 26-item unit survey assesses the
organizational characteristics of the participating units, such as
size (bed count) and service line. Additionally, data about the
used care system and the used system to describe nursing care
demands, workload, or patient acuity will be part of the unit
questionnaire.

Hospital Survey
The study-specific hospital survey (8 items) will be used to
collect hospital-level characteristics and statistics, such as
ownership status (eg, private, not-for-profit, and public) and

type (ie, district, general, and teaching hospital), as well as
regulation, financing, and provision of the hospital.

Survey Translation and Validity Testing
The study manual, surveys, and assessments were developed
in English. For Germany and Iran, they were translated into
German and Farsi (Persian), respectively. Using a modified
Brislin protocol, a systematic translation process was conducted
[21]. After translation, an expert panel review of bilingual
clinical and research nurses fluent in each target language
reviewed each item in terms of cultural adaptations. To ensure
comprehensibility and to check for response patterns, the entire
German and Farsi versions of the NSE assessment sheet were
pilot tested with nurses of varying educational levels. For all
language versions, adaptations were made, as necessary, for
wording and clarity.

Data Collection
The data observation period started in 2022. The data collection
covers an observation period of 16 weeks at each hospital, but
the start dates for hospital enrollment will be staggered between
and within countries. We opted for this stepwise approach to
ensure proper supervision and optimal use of resources during
the data collection process, considering unit availability. Data
will be collected digitally or with paper and pencil.

In Sweden and Switzerland, the random sampling of 60
admissions per unit will be carried out at the end of the 16-week
observation period. In Germany and Iran, to use the available
data collection resources, a random sampling of 15 admissions
for each unit occurred 4 times with an interval of 4 weeks.
Therefore, the number of included admissions in Germany and
Iran is the same as those in the other participating countries,
that is, 60 admissions per unit within 16 weeks of observation.
Data will be collected by the internal RNs of the corresponding
hospital or RNs who have experience working in the
corresponding hospital. All data collectors will receive
standardized education with the study manual, PowerPoint
presentations, test examples, test records, and discussion
sessions. For data quality control, an RN experienced in research
for comprehensibility and plausibility will monitor the entered
data.

The shift-level staffing assessments will be collected every day
(from Monday to Sunday) for every shift (ie, morning,
afternoon, night, and intermediated shifts). In Germany and
Iran, data will be entered directly into a cloud-based electronic
data capture platform by the ward manager of the TAILR unit,
a hospital internal RN or a research team member. All data
collectors for staffing assessment will receive a 3-hour education
session with test entries and discussion sessions. In Sweden,
shift data will be generated automatically by the corresponding
hospital staffing system. In Switzerland, staffing data will be
manually extracted from hospital staffing systems and entered
into a secure web platform by members of the research team.

The hospital- and unit-level surveys will be conducted
retrospectively after the main data collection. Data will be
collected using routine data. If no routine data are available,
interviews between TAILR country-specific research group
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members, unit managers, and hospital managers will be
conducted.

Data will be stored in a cloud-based database, with a server in
the Netherlands, that complies with the European Union General
Data Protection Regulation. Access to the platform is restricted
to the TAILR research group members and data collectors at
specific sites.

Sample Size
We used 3 hospitals as the basis for sample size considerations.
Assuming the same NSE rate of 36.4% as in a Swedish study
[5], a sample size of 720 (95% CI 33.3%-39.5%) patients is
expected (aim 1). A simulation (500 iterations per cell) of a
3-level generalized linear mixed model with a count variable
for each shift above a low staffing threshold, with 15% of
patients exposed to 1 or more shifts, was performed. We set the
random effects at the unit and hospital level to 0.1, indicating
an intraclass correlation coefficient (ICC) of 0.03. Based on an
odds ratio of 1.10 and a sample of 60 patients per 4 units in 3
hospitals, the power was 100%. With a lower odds ratio of 1.07,
representing the smallest effect of interest for a sample of 60
patients per 4 units in 3 hospitals, the power was still 0.91. As
the ICC is unknown, we also assessed ICCs of 0, 0.06, and 0.15,
resulting in the power ranging from 90% to 100% for both effect
sizes, with a sample of 720 patients. Reducing the number of
units to 3 per site, the total sample size was reduced to 540,
with the power dropping to 70%-96%, depending on the
specification. As the weights will only be known after the study
has been conducted [22], this power calculation is based on a
generalized linear mixed model without inverse probability
weighting.

Data Analysis

Aim 1
A descriptive analysis of the prevalence, preventability, types,
and severity of NSEs will be carried out. We will calculate the
frequencies and percentages with 95% CIs for NSE type,
severity, and preventability. We will calculate the prevalence
of NSEs per 1000 patient days and 100 patient admissions. To
determine the quality of the review process, we will assess
interrater reliability between 2 primary reviewers from a random
sample of every tenth of the admissions via the Cohen kappa
(κ) coefficient for review stage 1. Agreement between reviewers
is defined as (1) agreement on the presence of potential NSEs
by calculating Cohen kappa and (2) agreement on the number
of NSEs by calculating the weighted Cohen kappa, where high
disagreement corresponds to high weights.

Aim 2
In the first step, a descriptive analysis of the numbers of patients
and nurses and the patient-to-nurse ratios for different staff
categories (eg, RNs, specialist RNs, nurses with ANDs, and
unqualified staff) over time will be conducted. Extreme staffing
shifts will be defined as those with 50% more or fewer patients
per nurse for each unit based on the shift median.

In the second step, the workload will be modeled with the
observed-over-expected (O/E) estimator. The O/E estimator is
the observed number of nurse staff on a shift divided by the

expected number of nurse staff based on the shift, patient, and
unit characteristics; the O/E estimator is an extension of the
adjusted staffing measure we used in a previous study [23]. For
the O/E estimator, we will predict the number of different staff
groups (eg, RNs, nurses with ANDs, and unqualified staff) with
a multivariate generalized linear model of the Poisson family,
with separate models for each unit. This model will take patient
characteristics; primary and secondary diagnoses; shifts; and
the number of patients, admissions, transfers, and discharges
into account. The observed number of nurse staff per shift will
be divided by the expected value derived from the multivariate
generalized linear model. The O/E estimator will then be used
to describe the staffing variability over time for each patient.
Furthermore, the coefficients of the model will allow us to
compare units, hospitals, and countries in terms of their nurse
staffing provision.

Aim 3
We will evaluate the suspected causative effect of nurse staffing
on selected NSEs using a directed acyclic graph describing the
hypothesized mechanism over time (Figure 1). Directed acyclic
graphs describe a set of time-invariant individual-level
confounders, such as age (A) or sex (C), time-variant
confounders, such as patient severity on a given shift (L1…n);
and the time-variant exposure variable of the O/E estimator for
nurse staffing (A1…n). The minimal adjustment set also includes
the admission reason, which determines the unit to which a
patient is admitted. To estimate the causal effects, 3 conditions
need to be met. The first condition is the “exchangeability
assumption.” An uncontrolled variable that influences exposure
and outcome would violate this assumption. As the supply side
(ie, the available nurse staffing resources) is determined by the
unit type and relatively fixed rosters, the exposure is primarily
driven by the volatility of the demand side (ie, the patients
admitted to the unit). Therefore, within units, the exchangeability
assumption for the exposure should hold. Indeed, occupancy
might influence patient admissions or discharges, potentially
creating a backdoor path. We will, therefore, consider occupancy
as a variable in a sensitivity analysis. Second, the “positivity”
assumption is met by the design, as individual exposure to high-
or low-staffed shifts occurs continuously throughout the index
admission. We will use descriptive analysis to confirm this
assumption. Last, the “consistency assumption” requires that
the level of exposure is identical for all patients. Although
consistency is provided in the way the exposure is
operationalized, the nursing staff will allocate available time
between patients according to their needs within shifts. The
severity measure will partially account for this. We will use
nurse activity data, which are available for some sites, to explore
this issue. To estimate a causal effect of nurse staffing exposure
on each NSE of interest, we will construct a marginal structural
model using inverse probability weighting [24]. According to
VanderWeele et al [25], a marginal structural model can assess
the joint effects of time-varying exposure. To calculate the
weights, we will use the R package “ipw” [26]. To fit the model,
we will use a generalized mixed model of the binomial family
with the lme4 package in R software (version R-4.3.3; R
Foundation for Statistical Computing) [27].
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Figure 1. Directed acyclic graph of the staffing and nursing-sensitive events The graph describes a set of time-invariant individual-level confounders,
such as age (A) or sex (C); time-variant confounders, such as patient severity on a given shift (L1…n); and the time-variant exposure variable of the
observed-over-expected estimator for nurse staffing (A1…n). The minimal adjustment set also includes the admission reason (AR), which determines
the unit to which a patient is admitted. Y: outcome.

Aim 4
To help optimize and predict the necessary nursing staffing
needs in hospitals to decrease NSEs, we will develop a
simulation using the simmer package in R software. Simmer is
a discrete-event simulation (DES) and automation software.
DES is a flexible, computer-based modeling methodology
characterized by the ability to simulate dynamic behaviors of
complex systems and interactions between individuals,
populations, and their environments. Compared with aggregate
models without interaction, such as decision trees or Markov
models, a DES can be more advantageous as an operational
research technique to model complex systems at the individual
level instead of the cohort level. After we have developed the
DES model, we will test it against various data elements from
our observational study, including the hospital bed size, number
of nursing staff, patient flow structure, nursing practices, and
NSEs. The process flow will be translated into a DES model,
which will allow us to determine and validate the thresholds of
safe nurse staffing levels.

Ethical Considerations
The TAILR study is compliant with the legal and ethical
guidelines of the applicable federal, clinical (including
participating hospitals), and academic partners (ie, universities
and universities of applied sciences). Ethical approval for the
proposed study has already been obtained according to national
regulations (Germany [Ethik-Kommission Hochschule für
Gesundheit, University of Applied Sciences Bochum]: 210602;
Sweden [Swedish Ethical Review Authority]: TAILR.SE:
2021-04962; Iran [Ethics Committee of Kashan University of

Medical Sciences]: TAILR.IR: IR.KAUMS.REC.1398.032;
and Switzerland [Ethikkommission Nordwest- und
Zentralschweiz]: CroWiS BASEC 2022-01121).

The study will follow all ethical standards of research conduct
outlined in the Declaration of Helsinki and the General Data
Protection Regulation for European countries. The project team
will handle the patient- and unit-level staffing data with
confidentiality. Each patient record included in the record review
will receive a unique identification number, and the data in a
cloud-based database will be pseudonymized. Participant names
will not be disclosed. The published study data will be
anonymous, and therefore, there will be no identification of
individual participants. The study participants received no
compensation.

Results

As of January 2024, the checking of plausibility and
comprehensibility of patients' and nurse staffing data is ongoing
in all 4 countries. Data analyses are planned to be completed
by spring 2024, with the first results expected to be published
in late 2024.

Discussion

This paper describes the study protocol for the TAILR study.
TAILR is an international multicenter study with a longitudinal
and observational design that will consider within- and
between-hospital variability to identify productive and urgently
needed strategies to ensure safe nurse staffing levels to reduce
NSEs. More concretely, TAILR will provide important building
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blocks to address and overcome a critical patient safety issue,
that is, the lack of staffing guidance in national health policy
and at local organizational levels. TAILR provides a unique
opportunity to better understand the mechanisms of NSEs and
the potential impact of nurse staffing on NSEs. Collecting data
on nurse staffing and its association with NSEs in multiple
countries, the TAILR study aims to provide a new perspective
on optimal nurse staffing levels in hospitals and a unique
innovative template for the evaluation of the association between
NSEs in patients and individual nurse staffing levels within the
international context. This study addresses a gap in current
research, as emphasized by repeated calls for research to inform
health policies on safe nurse staffing levels [15,28]. This need
has been increased due to the COVID-19 pandemic and the
increasing pressures to develop and maintain the nursing
workforce in the participating countries as well as other
countries [29].

TAILR will act as a model for nurse-led improvement strategies
for safe staffing within different countries. First, for the
participating hospitals, TAILR will create transparency by
providing comparative data. Moreover, we will be able to

identify hospital structures and processes that facilitate and
challenge safe nurse staffing. By conducting workshops with
the participating hospitals and stakeholders, the best practices
will be identified and described to create applicable solutions
based on the study results. Second, based on the workshops
with hospitals and stakeholders, TAILR will provide data to
develop recommendations that provide cornerstones for safe
staffing policies in a country-specific context. Beyond
mandatory minimum nurse staffing levels, TAILR will provide
highly granular data to describe operational gaps in nurse
staffing, which remain undetected in aggregate analysis.
Potential safe staffing policies must consider the service line
and patient acuity as well as hospital-specific factors, such as
nurse pools, clear distribution of nursing and nonnursing tasks
between nurses with different educational backgrounds, and the
systematic assessment and monitoring of nurse staffing and
NSEs. Third, the international TAILR study will create research
outputs for the participating countries as well as other countries.
For (inter)national stakeholders and the members of the
international TAILR consortium, the study results will enable
the definition of global quality improvement strategies.
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Abbreviations
AND: associate nursing degree
CroWiS: Crowd Working in der Schweiz
DES: discrete-event simulation
ICC: intraclass correlation coefficient
NSE: nursing-sensitive event
O/E: observed-over-expected
RN: registered nurse
RRR: retrospective record review
TAILR: Nursing-Sensitive Events and Their Association With Individual Nurse Staffing Levels
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