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OPEN A prospective longitudinal cohort

study of the association between
nurses’ subjective and objective
workload
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Marie-Madlen Jeitziner®12

Critical care nurses have high workloads due to the severity of the disease and the complexity of

the treatment and care. Understanding the factors that influence subjective workload as well as the
association between subjective and objective workload could lead to new insights to reduce critical
care nurses’ workload. (1) To describe critical care nurses’ subjective and objective workload per shift
in a university-affiliated interdisciplinary adult intensive care unit in Switzerland and (2) to explore
the association between objective and subjective workload. The study used a prospective longitudinal
cohort design. Critical care nurses completed the adapted Questionnaire on the Experience and
Evaluation of Work 2.0 (QEEW?2.0) to assess the subjective workload after every shift for four weeks

(0 =never loaded, 100 = always loaded). The objective workload was assessed with the Therapeutic
Intervention Scoring System-28 (TISS-28), Nine Equivalents of Nursing Manpower Use Score (NEMS),
Swiss Society for Intensive Care Medicine (SGI)-patients’ categories and Patient-to-Nurse Ratio (PNR).
Data was analysed using multilevel mixed models. The workload of 60 critical care nurses with a

total of 765 shifts were analysed. The critical care nurses experienced a subjective high mental load
(66 + 26), moderate pace and amount of work (30 + 25) and physical load (33 + 25), and low emotional-
moral load (26 + 22). The one-time baseline subjective workload values were higher than the day-to-
day values. The mean objective shift load using the TISS-28 was 43 + 16 points, the NEMS 36 + 14
points, the SGI-category 1.1 + 0.5 nurses needed per patient and the PNR 1.2 + 0.4. We found positive
associations between day-to-day objective variables with subjective pace and amount of work, with
physical and mental load but not with emotional-moral load and performance. Measured objective
workload is associated with only certain subjective workload domains. To promote and retain critical
care nurses in the profession, nursing management should give a high priority to understanding
subjective workload and strategies for reducing it.
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Abbreviations

CCN Critical care nurse

CI 95% confidence interval

FDR-p False discovery rate adjusted probability-value
ICC1 Intraclass correlation coefficient 1

ICU Intensive care unit

JD-R Job demand and resources

NEMS Nine equivalents of nursing manpower use score
PNR Patient-to-nurse ratio

P Probability (significant p <0.05)

R ICC coefhicient

R? Goodness of fit
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RN Registered nurse

SD Standard deviation

SE Standard error

SGI Swiss society for intensive care medicine

German Schweizerische Gesellschaft fiir Intensivmedizin

SKB Foundation for quality promotion in occupational health care

Dutch Stichting Kwaliteitsbevordering Bedrijfsgezondheidszorg

STROBE  Strengthening the reporting of observational studies in epidemiology
TISS-28 Therapeutic intervention scoring system

QEEW Questionnaire on the experience and evaluation of work

Critical care nurses have high workloads due to the severity of the disease and the complexity of the treatment
and care. A high workload for CCNs is associated with higher mortality, nosocomial infections, pressure
ulcers and medication errors as well as lower patient safety and satisfaction!~>. CCNs’ workload consists of
care demands to be done with the available resources in an intensive care unit (ICU)* Job demands contain
physical, mental and emotional-moral loads®. Permanent high-level workloads lead to stress, sleeping disorders,
depression, burnout, job dissatisfaction, low work performance and intention to leave the profession®’. Almost
80% of CCNs throughout the world say they bear a high burden, and 30-40% show burnout symptoms®°. To
retain CCNss in their profession, it is crucial to understand all dimensions, determinants and all the potential
alleviating factors of CCNs’ workload!®.

CCNs workload can be measured by subjective or objective approaches!!"'2. Subjective nursing workload is
defined as “the overall perception of personal ability to perform at a level the person finds satisfying or acceptable
based on personal performance and performance results’'®. The perception of job demands, resources and
workload as well as their impact on the CCN depend on human factors, which include individual characteristics,
coping strategies and resources”!*!5. Despite its relevance to human factors (e.g. performance) and workload
reduction, CCNSs’ subjective workload and its stressors have scarcely been studied due to difficult, expensive and
time-consuming measurements that are dynamic over time!®'.

From the objective or patient demands approach, nursing workload is defined as “the amount of time and
care that a nurse can devote directly and indirectly towards patients, workplace, and professional development™!8.
Instruments like the Therapeutic Intervention Scoring System (TISS-28), Nine Equivalents of Nursing Manpower
Use Score (NEMS), Swiss Society for Intensive Care Medicine (SGI)-category or Patient-to-Nurse Ratio (PNR)
have been used to study the CCNs’ objective workload using time- and task-based models of direct patient
care!l. Direct patient care is defined as work that directly or indirectly benefits the patient (e.g. measuring vital
signs or preparing medication)!®. The objective workloads are routine measurements as they provide financial
reimbursement for the services of the ICU but do not cover potentially important workload dimensions like the
impact of the CCNs’ human factor or non-patient related care like training nursing students!2%-1,

Despite the existing literature on objective workload and insights into CCNs’ subjective workload, the latter’s
variation over time and association with objective workload are rarely studied??. In the absence of evidence
about the comparability of subjective with objective workload, it is unclear whether and how they are associated.
Based on two basic models of subjective and objective workload, we will assess and compare them with each
other [see Supplementary Fig. S1].

Methods
This manuscript followed the statement checklist for cohort studies of Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE)?.

Aims
The aims of this study were (1) to describe CCNs’ subjective and objective workload over time and (2) to explore
the association between objective and subjective workload.

Design
This is a prospective longitudinal cohort study using online questionnaires and routine data between November
2022 and January 2023.

Setting and participants

This study was conducted in a university-affiliated interdisciplinary adult ICU with 30 beds in Switzerland.
In total, 154 CCNs work in this ICU in three shifts. CCNs are registered nurses who completed a 2-year post-
graduate training in critical care. The recruitment was based on self-selection by the CCNs. Authors of the
Questionnaire on the Experience and Evaluation of Work (QEEW2.0) recommend that at least one-quarter of a
team be included in any study using the instrument (> 39 CCNs)?*. Inclusion criteria were being a permanently
employed CCN working in this ICU and having signed the informed consent.

Variables and measurements

Demographics of CCNs and patients

The CCN§’ characteristics included age, gender, skills and experience (years working in an ICU) and employment
level (percentage). The patients’ characteristics including age and gender were collected by the researchers after
every shift using the clinical information system.
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Subjective workload
Subjective workload is based on the Job Demands and Resources (JD-R) model using three domains which
interact with each other? [see Supplementary Fig. S1]:

(1) Subjective job demands include pace and amount of work, physical, mental and emotional-moral load, and
interruptions.

(2) Subjective job resources include staffing adequacy, support from the team and support from management.

(3) Human factors include ICU experience in years, job satisfaction, motivation, work-life balance and work
performance.

Each variable was assessed using the corresponding subscale of the QEEW2.0 questionnaire which contained
one to six statements?!. For example, job satisfaction contained: “I enjoy my work.” The statements could be
rated by four answer options: Always—Often—Sometimes—Never or by five answer options: Strongly agree—
Agree—Neutral—Disagree—Strongly disagree. The QEEW?2.0, a reliable and valid tool to assess the employee’s
subjective workload with a human factor approach, has been widely applied in studies with registered nurses
and once with CCNs*%-%. The QEEW2.0 was developed in the Netherlands and translated into several languages
including German by the authors. The permission to use this questionnaire was obtained by the authors. We
selected four of the original five domains (work perception, organisation, human resources, vitality) using 13
subscales (out of 42, e.g. physical load) and 53 questions (out of 217) to keep the effort for the CCNs within
limits. We excluded the last domain “diagnostic scales” with the focus on personal physical feelings in general
due to lack of alignment with the day-to-day subjective workload. The subscales in the questionnaire have a high
content validity and internal consistency (Cronbach’s alpha of at least 0.7)*4%%. Some of these variables (“baseline
subjective workload variables”), such as CCNs’ experience, are relatively stable over time. Other variables can
change on a day-to-day basis due to human factors (e.g. performance) or influences of altered external work
circumstances (e.g. mental load), for which we use the term “day-to-day subjective workload variables”

Objective workload

Objective workload is based on task- and time-based models using two domains: (1) job demands (time and task
load) and (2) job resources (staffing)!! [see Supplementary Fig. S1]. Objective workload was assessed with four
task- and time-based instruments:

(a) The TISS-28 contains 28 items, weighted with 1-8 points per item with a maximum of 78 points per
patient per shift'®. An average nurse can deliver care equal to 46.35 TISS-28 points per shift.

(b) The NEMS is a simplified tool extracted from the TISS-28 containing 9 items weighted with 3-12 points®.
The maximum points per patient per shift is 56; 1 point corresponds to 10.6 min of nursing care.

(c) The SGI-categories classifies patients into four categories (1 A, 1B, 2, 3) using the NEMS and the Sedation
Agitation Scale or Richmond Agitation Sedation Scale’!-34. Category 1 A=1.33 nurses per patient per shift,
category 1B=one nurse per patient, category 2=one nurse per two patients and category 3 =one nurse per
three patients.

(d) The PNR, as number of total patients divided by the number of total nurses present, was calculated for
the entire working shift.

NEMS and the SGI categories were used because they are mandatory and routinely collected in Switzerland.

Data sources

Three data sources were used: (a) The QEEW2.0, filled out electronically by all participating CCNs, was
used to collect the demographic data and the baseline subjective JD-R (e.g. CCNs’ motivation) and the day-
to-day subjective JD-R (e.g. mental load) after every CCN shift over 4 weeks; (b) The clinical information
system captured the objective job demands (e.g. TISS-28) automatically as routine data; and (c) The personnel
deployment planning system collected the objective job resources filled out by the head of department after
every CCN shift (e.g. staffing).

Data collection

The research team informed the CCNs about the study. Interested CCNs were informed in detail about the
goals of the study both orally and in writing. The data collection lasted four weeks between November 2022
and January 2023 [see Supplementary Table S2]. We chose winter because few CCNs are on holiday, supporting
recruiting CCNis for the study.

During the 4 weeks of data collection, the first time point was set on each CCN’s first shift. Participants
filled out the demographics questionnaire and the QEEW2.0 to capture the baseline variables of the subjective
JD-R and the human factor?’. The average time of completion was 15 min for the baseline questionnaire. All
subsequent time points during the 4 weeks followed the working shifts of the CCN. Holidays were compensated
after but not absence due to illness. Participants filled in the QEEW2.0 questionnaire retrospectively at the end of
each shift to gather the day-to-day subjective variables of the shift-level subjective JD-R and the human factor?.
The daily questionnaire took on average 2 min to complete. All questions without missing items were submitted
electronically to finalise the questionnaire. If the questionnaire was not completed, the research team sent a
reminder by email, WhatsApp or short message service to get the highest possible response rate. For the period
of November 2022 until January 2023, all routine data were extracted daily from the clinical information system
by the research team.
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Data analysis

We performed a descriptive analysis of the demographic and the subjective and objective CCNs’ workload
data. Means and standard deviations were calculated. CCNs’ subjective workload was assessed using the scaled
score formula from the authors of the QEEW2.0 2. CCNs’ objective workload was assessed using the calculated
objective instruments from direct patient demands. If the CCN cared for more than one patient in the same
shift, the scores were summed. The workload scores TISS-28 and NEMS were multiplied by 10.6 min, resulting
in the expected CCN workload per shift, as estimated by Miranda et al.'>*°. Observed PNR was divided by the
expected workload calculated from the TISS-28, NEMS and SGI-categories. An observed ratio>1 (more than
expected) resulted in understaffing and a ratio < 1 resulted in overstaffing®3>3,

Association (Aim 2) was addressed by regressing subjective on objective workload with different control
variables. CCNs’ shifts without direct patient care (e.g. shift manager) were excluded from the regression. The
intraclass correlation coefficient 1 of the day-to-day subjective workload variables (range 0.16-0.45) indicated
high between-individual variability, which led to our choosing to use multilevel regression models*” [see
Supplementary Table S3]. The dependent variables of the models were each of the five day-to-day subjective
workload variables (e.g. physical load). Independent variables were one of the four objective variables
individually (e.g. TISS-28) in one model to each dependent variable. Therefore, there were 20 models in total
[see Supplementary Table S4]. Further independent variables (work shift, CCNs’ age, baseline subjective variable
of the same day-to-day variable) were chosen based on literature and statistical backward inclusion testing?!.
Based on the testing, CCNs’ education, working experience and level of employment were excluded as further
independent variables. The estimated model results were reported with the marginal and conditional goodness
of fit (R?) and their probability significance level (p<0.05). The marginal R? represents the fixed effects of the
objective variables and the conditional R? the fixed plus random effects. The difference between them represents
the random effects representing the influence of the individual CCN human factor. To address potential influence
due to multiple testing, the p-values with the false discovery rate were included in the calculation.

We performed all analyses using R statistical software, version 4.3.0 for Windows*. For data exploring,
processing and presenting, we used the packages ggplot2, dplyr, tidyverse, tableone and kableExtra**-**. The
packages lattice, Ime4 and rptR were used for the intraclass correlation 1 and model calculations*>~’.

Results

Demographics of CCNs

Of the 154 CCNss in the ICU, 60 participated in the study (see Fig. 1). One participant dropped out due to long-
term sickness and another did not fill in the questionnaire in the longitudinal data collection process. The final
sample consisted of 58 CCNs (38%) who completed all day-to-day subjective questionnaires. The CCNs’ mean
age was 33.5 years (SD=7.4) and 95% (n=57) were female (see Table 1). The 58 CCNs cared for 956 patients
during 765 shifts. The patients’ demographic data are shown in the Supplementary Table S5.

Baseline subjective, day-to-day subjective and objective workload

The highest baseline subjective load was mental load with a mean of 89 (SD =12, 0 =never loaded, 100 =always
loaded) (see Table 2). Motivation on average was high (mean=18, SD=11, O=very strongly agree,
100 =absolutely disagree).

From all working shifts (n=865), the response rate of the day-to-day subjective QEEW2.0 was 94%
(n=813). The CCNs worked on average 13 shifts (range=1-22) during the study period, including 321 day-,
239 evening- and 253 night-shifts. Overall, mental load was considered highest (mean=66, SD =26, 0=never
loaded, 100 =always loaded). Ninety-four per cent (n=765) of the shifts were linked to direct patient care.
There was an overall higher workload for CCNs with direct patient care than for managers or student educators.
For example, CCNs perceive the physical load on average 34 with and 20 without direct patient care (0=never
loaded, 100 =always loaded).

Overall, the CCNs rated their baseline subjective workload higher than their day-to-day workload. For
example, the CCNs perceived the emotional-moral load on average 49 (SD=11) before the study and 26
(SD =22) after their shifts (0 =never loaded, 100 =always loaded).

The average shift load in PNR was 1.2 (SD=0.4) and in TISS-28 43 points (SD =15), which is equivalent to
456 min of work which a CCN should be able deliver in their 480 min shift.

Associations between day-to-day subjective and objective workload

The results of the models showed associations (FDR-p <0.05) between all objective workload variables to day-
to-day subjective pace and amount of work (physical and mental load), but none to emotional-moral load
and subjective performance [see Table 3]. The marginal R effects from only objective workload, were highest
for pace and amount of work and mental load. Mental load is highest effect, explained by objective workload
including human factors (conditional R?). The difference R?, effects from only human factors, showed the lowest
effect on pace and amount of work. The human factor affects all subjective workloads except pace and amount
of work to a greater degree than objective workload.

Discussion

This is an observational longitudinal study of CCNs’ workload in one Swiss ICU using day-to-day questionnaires
and routine data. CCNs reported a high mental load, moderate pace and amount of work and physical load, low
emotional-moral load and good performance. We found positive associations between all objective workload
instruments with the day-to-day subjective pace and amount of work, physical and mental load but none with
emotional-moral load and performance. As the highest explainable variable, half of the mental load can be
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Fig. 1. Flowchart of CCNs’ sample and data collection. CCN Critical care nurses, ICU intensive care unit,
QEEW2.0 Questionnaire on the Experience and Evaluation of Work, TISS-28 Therapeutic intervention scoring
system, NEMS Nine equivalents of nursing manpower use score, SGI Swiss society for intensive care medicine.

explained by objective instruments. Overall, only the pace and amount of work are explained better by objective
instruments than by individual human factor influences.

The CCN’s high mental load in our study, as well as in other studies, is explained by the fact that caring
for critically ill patients is complex, including not only mechanical-manual interventions and unpredictable
events!®*3% but also high responsibility for the well-being of the patient. We expected a high emotional-moral
load similar to the mental load, as seen in Germany, due to the ICU setting characterized by high patient
dependency or poor prognosis, conflictual ethical decisions and death®*°. However, emotional-moral load
is perceived as low to moderate by our CCNs, corroborating with other studies from the United States and
Italy>2. This difference could be due to the different average staffing situations of 2.5 PNR in Germany and
1.2 PNR in our study®*. Similar to our findings, the subjective CCNs’ performance remains good, indicating
effective compensation strategies even in high workload situations®*>4. Therefore, subjective performance could
also be used only as a baseline variable. We expected a higher day-to-day subjective workload in all dimensions
other than the baseline. However, our current findings conform with the results in a paediatric ICU in the United
States, using different instruments®. The longitudinal design of our study allows a more precise assessment of
the subjective workload and therefore, should be further investigated.

In our study, CCNs’ objective workload is calculated with four time- and task-based instruments showing
different workload profiles. While the TISS-28, NEMS and SGI-category focus on intensity of nursing tasks
based on patients’ illnesses, the PNR is a numeric count of patients and does not consider severity!!. Since the
SGI-category is used only in Switzerland, comparison to other studies is limited. Because the interpretation of
objective workload is not fully understood!?, we interpreted the workload as a quotient of the job demands and
resources. According to the objective workload instruments, the number of nursing staft in our ICU is adequately
adapted to the workload, but most other studies in Europe and Taiwan consider their shifts as understaffed>6-.
In previous studies using TISS-28 and NEMS, it was rare to find CCNs often simultaneously caring for more
than one patient, and comparisons of their single patients’ load to our CCNs’ cumulated shift load results could
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Characteristics of CCNs (N = 60) ‘ n ‘ % ‘ Mean ‘ SD
CCN gender

Female 57 |95

Male 3 |5

CCN age (years) 335 7.4
<30 18 | 30

30-50 37 |61.7

>50 5 |83

CCN education

Critical care 51 | 85

Critical care students 8 | 133

Foreign equivalent 1 |17

CCN working in an ICU (years) 44 5.8
<5 42 170

5-9 9 |15

>10 9 15

CCN employment (%) 86.8 15.0
60 11 | 183

70 1 1.7

80 10 | 16.7

90 12 | 20

100 26 | 43.3

Table 1. Characteristics of the participating CCNs. CCN Ceritical care nurses, ICU Intensive Care Unit, SD
standard deviation.

be misleading®>’. Following the international recommendation, over 75% of the CCNs in our study cared for
only one patient in a shift*®. Similar findings on the PNR have been reported, but these were analysed mostly
in terms of adverse events like mortality*¢!. Further it must be considered that the TISS-28 and NEMS are
nearly 30 years old and have not been adapted since although there have been changes in the ICU setting. But as
validated instruments, they still provide reasonable estimates of workload demands.

The associations of this study are limited compared to findings by other studies, which may have had settings
other than the ICU, other instruments measuring subjective workload and different data collection designs, such
as a single time point rather than longitudinal. The first study to our knowledge comparing CCNs’ subjective
and objective workload, by Hoogendoorn et al. in the Netherlands, found no association but showed a tendency
similar to our findings®2. This discrepancy could be explained by the fact that they summed all dimensions of
subjective perception and did not look into multidimensional differences. Additionally, they calculated linear
mixed model associations without considering the individual CCN with the human factor, and the details of the
completed subjective questionnaires are unclear. The comparability of the studies is therefore limited. The non-
significant association between emotional-moral load and the TISS-28 or NEMS may be due to the exclusion in
the scores of such emotionally stressful situations as patients’ delirium or intensive care for relatives®® According
to the World Federation of Critical Care Nurses (2019), one CCN should care for one patient; this would give
a constant number and not impact subjective workload®*. However, practice often differs from guidelines. The
PNR was statistically significantly associated with the day-to-day subjective pace and amount of work and with
physical and mental load in our and other studies?>%2.

As the associations show similar results using TISS-28, NEMS and SGI-category on subjective workload,
further assessment needs to determine which of these three instruments brings the most insights for clinical
practice. Because the results of PNR always showed weaker associations with subjective workload, its further use
in this context should be evaluated.

Limitations

Strengths of this study are the longitudinal data collection (over 4 weeks), the many work shifts covered and the
high response rate on the day-to-day questionnaires, as well as the completeness of the data set. The longitudinal
design also allows new insights and shows trends of CCNs’ subjective workload over time, reflecting everyday
practice and reality.

However, limitations exist. First, the restriction to one hospital may reduce the external validity and
generalisability of our results to other hospitals. Second, the study may suffer from low validity of the QEEW?2.0,
TISS-28, NEMS and SGI-category as process parameters which might negatively affect the day-to-day variability
of workload?*%. The results seem valid as they seem to fit our expectations. Additionally, we used only a
subset of the QEEW2.0 which could lower its validity. Further, there are newer workload scores such as the
Nursing Activities Score (NAS)®* which describe the nurse workload to a higher degree, but these have not been
implemented in Switzerland. Third, selection bias could have occurred due to self-selection of the participants
with a possible over-representation of highly motivated and more resilient CCNs®%. Last, other variables than
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Day-to-day subjective sum score
Baseline With Without
subjective patient patient
sum score | Total care care
(N=60) (N=813) (N=1765) (N=48)
Domains variables Mean | SD | Mean | SD | Mean | SD | Mean | SD
Pace and amount of work | 41 10 |30 25 |32 25 |13 16
Physical load 47 18 |33 25 |34 25 |20 21
Mental load 89 12 | 66 26 |67 26 |54 29
Emotional-moral load 49 11 |26 22 |27 21 |14 16
Performance 29 11 |27 16 |27 16 |27 15
Job satisfaction 24 12
Motivation 18 11
Work Life Balance 32 14
Interruptions 54 11
Staffing adequacy 53 13
Support from team 23 11
Support from management | 20 15
Objective workload
Mean | SD
PNR (N) 12 |04
Shift load using TISS-28 (points) 43 16
Shift load using NEMS (points) 36 14
Shift load using SGI-category (nurses needed) 1.1 0.5

Table 2. Baseline, day-to-day subjective and objective workload per shift. SD Standard deviation, Sum score
lowest 0 =never loaded/very strongly agree, highest 100 = always loaded/absolutely disagree, PNR Patient-to-
Nurse Ratio, TISS-28 Therapeutic intervention scoring system, NEMS Nine equivalents of nursing manpower
use score, SGI Swiss society for intensive care medicine, TISS-28/NEMS/SGI-category points in one shift equal
to the CCNs’ working minutes estimated, TISS-28/NEMS lowest possible points in one shift by one CCN

0=0 min=no workload, highest 46.35=491 min =maximal workload.

those we selected might have influenced the day-to-day subjective workload; these need to be considered in
further investigations.

Recommendation for practice and research

As some subjective workload domains are clearly less represented than others by objective measures, the
integration of subjective workload into daily shift management and case-based payment is recommended. We
recommend the use of tools like the QEEW?2.0 as it allows the perspective on subjective workload, which is a
productive pathway for future research, and also integrates it into workload management. As the subjective
workload is often underestimated in practice, we suggest encouraging discussion to address subjective workload
on an individual and team level. The ICU management might take measures to alleviate the subjective workload
and improve the organisation of uninterrupted work. This could promote CCNs” work engagement and should
be scientifically evaluated. Also, further research is suggested on other factors influencing subjective workload
such as other baseline subjective variables, patients’ delirium or aggressive reactions and their weighting in
subjective workload.

Conclusions

This study provides insights into the association between subjective and objective workload in a longitudinal
design. The TISS-28, NEMS, SGI-category and PNR are linked with day-to-day subjective pace and amount of
work, physical and mental load but not with emotional-moral load and performance. These results demonstrate
that objective instruments can measure workload of direct patient care, but not all subjective workload
dimensions such as emotional-moral load, which have a role in the CCN’s work. A comprehensive understanding
including subjective workload and strategies for its reduction should be targeted and given a high priority in
ICU management to promote and retain CCNs in the profession. Subjective workload is a main part of CCNs
workload and often remains unmeasured despite high potential for interventions.
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Day-to-day subjective workload variable ‘ B

| 95% Clfor B | FDR-p | Marginal R2 [ Conditional R2 | Difference R2

Pace and amount of work

TISS-28 0.55 [0.45, 0.65] 0.000*** | 0.235 0.335 0.100
NEMS 0.59 [0.48, 0.70] 0.000*** | 0.229 0.329 0.100
SGI-category 14.27 | [11.19,17.36] | 0.000*** | 0.200 0.301 0.101
PNR 38.96 | [25.63,52.30] | 0.000*** | 0.152 0.253 0.101
Physical load

TISS-28 0.24 [0.15, 0.34] 0.000*** | 0.157 0.412 0.255
NEMS 0.24 [0.14, 0.35] 0.000*** | 0.153 0.407 0.254
SGI-category 6.34 [3.40,9.28] 0.000%** | 0.152 0.404 0.252
PNR 22.83 | [10.45,35.21] | 0.000%** | 0.151 0.391 0.240
Mental load

TISS-28 0.34 [0.26, 0.43] 0.000%** | 0.230 0.513 0.283
NEMS 0.39 [0.30, 0.49] 0.000%** | 0.234 0.520 0.286
SGI-category 8.21 [5.48,10.95] | 0.000*** | 0.214 0.498 0.284
PNR 30.45 | [18.95,41.95] | 0.000*** | 0.208 0.489 0.281
Emotional-moral load

TISS-28 0.03 [-0.06, 0.11] 0.528 0.116 0.381 0.265
NEMS 0.02 [-0.07,0.11] 0.655 0.116 0.381 0.265
SGI-category 0.64 [-1.93,3.21] 0.625 0.116 0.380 0.264
PNR 8.05 [-2.70,18.79] | 0.142 0.117 0.380 0.263
Performance

TISS-28 —0.03 | [-0.10, 0.03] 0.397 0.040 0.260 0.220
NEMS —0.03 | [-0.11,0.04] 0.394 0.040 0.260 0.220
SGI-category —0.51 | [-2.65,1.62] 0.636 0.040 0.260 0.220
PNR 6.97 [-1.94,15.89] | 0.125 0.042 0.261 0.219

Table 3. Regression of Association between day-to-day subjective and objective workload variables. CCN
Critical Care Nurse, TISS-28 Therapeutic Intervention Scoring System, NEMS Nine Equivalents of Nursing
Manpower Use Score, SGI Swiss Society for Intensive Care Medicine, PNR Patient-to-Nurse Ratio, B Estimate,
CI 95% Confidence Interval, FDR-p False Discovery Rate adjusted probability-value, R2 Goodness of fit,
Marginal R2 Fixed effect, Conditional R2 Fixed plus random effect, Difference R2 Conditional R2 minus,
Marginal R2 Impact of individual CCN human factor. FDR-p < 0.05***.

Data availability
The datasets used and analysed during the current study are available from the corresponding author and may
be made accessible through a data use agreement.
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