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Abstract

Introduction: Perceived quantitative demands at work have been associated with poor mental and
physical health, long-term sickness absence and subsequent early retirement. Identifying modifi-
able determinants of perceived quantitative demands at different levels of the organization is key to
developing effective interventions. The aim of the study was to identify determinants of perceived
quantitative demands at work and examine the extent to which they occur at different levels of the
eldercare organisation (i.e. the worker, ward and nursing home levels).

Methods: We collected data on 383 eldercare workers in 95 wards at 20 nursing homes in Denmark
using workplace observations and questionnaires to workers and their managers. Perceived
quantitative work demands were assessed using two items from the Copenhagen Psychosocial
Questionnaire, Il. We identified contributions to overall variability from the three organisational
levels using variance components analysis, and examined associations between determinants at
these three levels and quantitative demands.

Results: Almost all (90.9%) the variability in perceived quantitative demands occurred between elder-
care workers (within wards). Determinants significantly associated with lower quantitative demands
were: having a job as a care helper, working fixed evening shifts, being born outside Denmark,
having lower influence at work, higher quality of leadership and lower emotional demands. None of
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What'’s important about this paper?

eldercare workers.

The perceived amount of work required of a worker relative to the time available to conduct the work, the
quantitative work demand, is a strong predictor for poor health and sickness absence, but the role of organ-
izational level factors in this association is not well understood. This study found that, in eldercare organ-
izations, most of the variability in perceived quantitative demands occurred primarily between eldercare
workers within wards. Psychosocial work environment factors were the strongest modifiable factors asso-
ciated with perceived quantitative demands, while organisational factors related to job position, shift, and
resident-staff ratio also play a role. These findings provide insight into which factors at the different levels of
the organizations we should intervene on when aiming for reducing perceived quantitative demands among

the investigated physical factors (e.g. resident handlings, push/pull tasks, step-count) were associ-

ated with perceived quantitative demands.

Conclusion: We found that the variability in perceived quantitative demands occurred primarily be-
tween eldercare workers within wards. Our study indicates that psychosocial work environment
factors are the strongest modifiable determinants of perceived quantitative demands in eldercare,
while organisational factors related to job position, shift, and resident-staff ratio also play a role.
Interventions should test if changes in these determinants can reduce perceived quantitative de-

mands at work in eldercare.

Keywords: eldercare workers; quantitative work demands

Introduction

Eldercare is an important profession, with quality
long-term care services being one of the core principles
of the European Pillar for Social Rights (European
Commission, 2017). Moreover, with the proportion of
Europeans aged 80+ expected to more than double by
2070 (European Commission et al., 2018), the demand
for eldercare will increase. This increased demand for
eldercare is being accompanied by rising retirement ages,
requiring eldercare workers to be able to work to older
ages (European Commission, 2012). These factors to-
gether add strain to an occupational sector that is already
dealing with a less attractive image due to general per-
ceptions of poor working conditions, low socioeconomic
status, low wages and high staff turnover (Bishop et al.,
2008; EU Skills Panorama, 2014). To strengthen the via-
bility of the sector, research-based initiatives for improving
the working conditions of eldercare workers are key
(European Commission, 2012; Clausen et al., 2014b;
Roen et al., 2018; European Commission et al., 2018).

An important factor in eldercare work is perceived
quantitative work demands (Gao et al., 2014; Clausen
et al., 2014b) — referring to the perceived amount of work
required of a worker relative to the time available to con-
duct the work (Kristensen et al., 2004). In Denmark, elder-
care workers are in the top 10 list (out of 72 jobs) scoring
highest on questions related to quantitative demands
(Arbejdstilsynet, 2022) and there has been significant

debate around the increasing quantitative demands for
eldercare workers due to increasing number of elderly in
need of care, concerns that the ratio between eldercare
workers per eldercare residents is too low, and an expected
shortage of eldercare workers in the coming years.
Quantitative demands, as evaluated with self-
administered questionnaires, describe how much a
person is expected to achieve in his/her work tasks,
measuring the discrepancies between the tasks’ require-
ments and the time given to perform such tasks in an
adequate way (Burr et al., 2019). Numerous studies
have linked high quantitative demands with a range
of different health outcomes such as poor mental and
physical health, long term sickness absence and subse-
quent early retirement (Schiitte et al., 2014; Slany et al.,
2014; Freimann et al., 2016). However, there do seem
to be protective factors that nullify this association. For
example, several studies have only identified this asso-
ciation in the presence of low job control (Rugulies
et al., 2010; Madsen et al., 2017). Quantitative demands
cannot be completely distinguished from other closely
related concepts such as work pace or workability, and
we consider this a strength of the concept quantitative
demands. Perceived quantitative demands is inherently
a balance between the’actual’ work demands on one
side and the person’s resources and ability to accom-
plish those demands on the other. The ‘balance’ (or lack
of balance) between the ‘actual’ work demands and the
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resources and ability of the worker is likely important
for risk of impaired health.

To develop interventions for quantitative demands in
eldercare work, we need a better understanding of the
determinants of quantitative demands. Determinants in
a workplace setting may arise from either the individual
workers (individual determinants) or from the work/
workplace (organisational determinants). Furthermore,
determinants that arise from the work/workplace may
also occur at various organisational levels within the
workplace (Sallis et al., 2006). For instance, in eldercare,
three nested levels may be identified in the organizational
hierarchy. These levels are nursing homes, wards (within
nursing homes), and workers (within wards), and differ-
ences in determinants may occur at all three levels. An
example of a worker level determinant is work tasks,
which often vary between workers. However, some tasks
may be common to all workers on a specific ward, per-
haps as a nature of the residents in the ward (i.e. resi-
dents of a dementia ward will likely have different care
requirements compared to a somatic ward), causing
work tasks to differ according to the wards in which the
workers are employed. These differences will therefore
occur at the ward level. As such, to fully understand the
determinants of quantitative demands and how best to
modify these determinants, we must also understand at
which organisational level these determinants occur and
how they impact upon quantitative demands.

Although the importance of understanding deter-
minants across all levels of an organisation is widely
acknowledged (Sallis et al., 2006), most research in elder-
care has not considered the role of organisational level.
As such, the knowledge about determinants of quantita-
tive demands at different levels of the organization is very
limited (Hansen et al., 2015). Thus, the aim of the study
was to identify determinants of perceived quantitative
demands at work and determine the extent to which they
occur at different levels of the eldercare organisation (i.e.
the worker, ward and nursing home levels).

Methods

This study used data from the Danish Observational
Study of Eldercare work and musculoskeletal disorderS
(DOSES)(Karstad et al., 2018) — a Danish cohort of
workers in eldercare collected from September 2013 to
December 2014. Ethical approval for DOSES was pro-
vided by the Danish Data Protection Agency and the
Ethics Committee for the regional capital of Denmark
(H-4-2013-028). Written, informed consent was
obtained from all participants. The full details of DOSES
have been previously published (Karstad ez al., 2018). As

such, we will only describe aspects specifically relevant
to this study below. Throughout this manuscript we use
the term determinants to describe the factors we collect
that may potentially influence quantitative demands. We
emphasize that we do not use the term ‘determinants’ in
a causal sense. Rather, we use ‘determinants’ in the stat-
istical sense, i.e. factors that can explain the variance in
another variable, irrespective of whether they are causal
factors.

Participants

We purposively selected and invited 83 nursing homes
located in Zealand and the capital region of Denmark to
participate in the study. The aim of the strategic selection
was to include nursing homes of various sizes and care
models. Of the 83 nursing homes invited, 20 nursing
homes agreed to participate and were subsequently in-
cluded. After a nursing home agreed to participate, we
distributed written information about the aim and ac-
tivities of the research to all employees and arranged an
information meeting at the nursing home to inform em-
ployees about the study and invite them to participate.
Participants in the study were eldercare workers from
18-635 years of age, employed in nursing homes more
than 15 h/week on day and evening shifts and spending
a minimum of 25% of their working time on tasks re-
lated to direct care of residents.

Data collection

Only baseline data were used for this multi-level
cross-sectional study. Baseline data collection for workers
included a structured self-administered questionnaire,
a health check which recorded technical measures of
health and physical capacity, and an observation period
where workers were directly observed going about their
tasks and work schedules, and physical activity at work
and leisure was assessed using accelerometers. Baseline
data collection for nursing home managers and team
managers (responsible for the wards) consisted of a web-
based questionnaire about formal and informal organ-
izational structures at the nursing home and wards.

Primary outcome

The primary outcome of this study was self-reported
quantitative demands, collected at baseline. To measure
quantitative demands, we used two items from the
Copenhagen Psychosocial Questionnaire (COPSOQ)
I (Pejtersen et al., 2010). These were: ‘Do you get be-
hind with your work?’ and ‘Do you have enough time
for your work tasks?’. Workers responded on a 5-point
Likert scale with possible response values of ‘always’,
‘often’, ‘sometimes’, ‘rarely’ or ‘never/almost never’ The
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responses to these two items were then averaged and
converted to a 0-100 scale with higher values indicating
higher quantitative demands.

Determinants at the worker level

Most worker level determinants were collected with
the baseline questionnaire. This included age (years),
sex (male/female), country of birth (Denmark/outside
Denmark), smoking habits (daily/occasional/former/
never) and the proportion of time spent conducting: direct
care tasks, support tasks, administration tasks (5-point
Likert scale: rarely/never, roughly 1/4 of the time, roughly
1/2 of the time, roughly 3/4 of the time, almost all the
time). Workers’ job was divided into three categories, i.e.
‘care helpers’ (who had 14 months of training in care pro-
vision), ‘care aides’ (who had completed an additional
6 months of training) and ‘nurses or other health pro-
fessionals’. We defined seniority as the number of years
worked in the current position. Workers were classified
according to the type of shift they normally worked: ‘fixed
day’, ‘fixed evening’, ‘day/evening’ or ‘other’.

Information about the psychosocial work environ-
ment was collected using questions from the COPSOQ
IT (Pejtersen et al., 2010). The psychosocial aspects of
work collected were: influence at work (2 items: ‘Do
you have a large degree of influence concerning your
work?’, ‘Can you influence the amount of work assigned
to you?’), social support from colleagues (2 items; ‘How
often are your colleagues willing to listen to your prob-
lems at work?’, ‘How often do your colleagues talk with
you about how well you carry out your work?’), quality
of leadership (4 items; ‘To what extent would you say
that your immediate superior: -makes sure that the in-
dividual member of staff has good development oppor-
tunities?’, ‘-gives high priority to job satisfaction?’, ‘-is
good at work planning?’, ‘-is good at solving conflicts?’)
and emotional demands (4 items; ‘Does your work put
you in emotionally disturbing situations?’, ‘Do you have
to relate to other people’s personal problems as part of
your work?’, ‘Is your work emotionally demanding?’,
‘Do you get emotionally involved in your work?’). Each
item was collected on a 5-point Likert scale. For use in
the analyses, all items within each psychosocial aspect
were averaged and converted to a 0-100 scale. Further,
height and weight were measured by trained clinical per-
sonnel to calculate BMI (kg/m2).

We collected step-rate (steps/hour) at work using
accelerometry. Participants were asked to wear three
accelerometers (on the thigh, upper back and dominant
arm) for a minimum of four consecutive days, including
at least two working days. Participants allergic to
patches were excluded from wearing the accelerometers.

The accelerometers used were ActiGraph GT3X+ ac-
celerometers (ActiGraph, Florida, United States). A val-
idated software program (Acti4)(Skotte et al., 2014)
was applied for analysing the accelerometer data and
counting steps with very high sensitivity and specificity
(Ingebrigtsen et al., 2013). Participants were also asked
to keep diary recording the time when they started and
finished work. We then used these diaries to classify the
steps recorded into occurring either in, or outside work.
To be considered a valid representation of steps taken,
accelerometers needed to collect data for at least 4 h or
75% of that shift. The step-rate was then calculated by
dividing the total number of steps taken at work during
the measurement days by the total number of hours
worked, including only those steps/time periods that
were deemed valid.

As direct care tasks are the core work of eldercare,
we conducted direct observations of the care work per-
formed by each worker to record their physical and
psychosocial work exposures. These observations were
conducted at baseline by trained observers following
a strict protocol that was developed based on pre-
vious observational studies in the workplace (Karstad
et al., 2018) using tablets and the Noldus Observer XT
pocket observer program (Noldus, Wageningen, The
Netherlands). Since over 70% of all handlings occur
during a period of 4 h in the morning and 4-5 h in the
evening, observations were limited to these two time
periods. As such, we recorded, to the extent possible, all
handlings occurring in each ward over a single day in a
period of 4 h during day shifts and 4-5 h during evening
shifts. From these observations, exposures to direct care
tasks for each eldercare worker were calculated as an ex-
posure per shift by summing up the average exposures
for each resident under their care. The exposures re-
corded during the observations were the number of: resi-
dent handlings (lifting, repositioning and turning of the
resident; total), resident handlings without support from
the resident, resident handlings without support from
colleagues, squats performed, push/pull tasks (e.g. of a
wheelchair), disturbances/interruptions and obstacles
(e.g. a needed lifting aid was not available).

Determinants at the ward and nursing

home level

All determinants at the ward and nursing home level
were obtained from ward and nursing home man-
agers using the baseline questionnaire. The wards
were divided into four categories — somatic, dementia,
temporary rehabilitation, and psychiatric. The ward/
home size was defined as the maximum number of resi-
dents that could be allocated to that ward/home. We
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obtained information about the usual resident/staff
ratio on day and evening shifts by asking “what were
the usual number of residents on the ward?” and “how
many staff are usually working on day [and evening]
shifts?” The resident staff ratio was then calculated as
the number of residents divided by the number of staff
for each shift (day/evening). Workers only working
on day or evening shifts received the respective ratio
for their shift, Workers working both day and evening
shifts were allocated an average of the ratio for day and
evening shifts. We asked about the availability of rooms
for taking breaks (yes/no), whether it was permissible to
take breaks from work (yes/no), the number of floors (n)
and the presence of elevators (yes/no). We also obtained
information about the location of various aid devices
used by the elder care workers. This was done via a com-
bined score that incorporated the responses to questions
that asked where these devices were located (4 response
categories: in the room; in the corridor; in the ward; out-
side the ward) for the eight most commonly used aid de-
vices (floor lift, stand-up lift, ceiling lift, sail, easy slide/
slide sheet, glide board, transfer belt, support sock). If a
device was not available, it did not contribute towards
the score developed. Information about the underlying
principles for allocation of residents to workers across a
ward were asked with a series of questions ‘To what ex-
tent is the allocation of work tasks distributed: -fairly?’,
‘-according to worker health?’; “-according to job title’,
‘-so that workers have an equal balance of physical
work?’, ‘-to maintain workers with the same residents?’
and ‘-according to residents’ needs?’. Responses to these
questions were collected on a 5-point Likert scale (‘to a
very large extent’, ‘to a large extent’, ‘somewhat’, ‘to a
small extent’, ‘to a very small extent’). Perceived general
health was obtained from workers using a single item
from the SF-36 (Brazier et al., 1992) ‘In general, would
you say your health is:” with 5 possible responses — ‘ex-
cellent’, ‘very good’, ‘good’, “fair’ or ‘poor’.

Statistical analysis
This exploratory analysis had two main parts. The first
part was the investigation of the proportion of variance
in quantitative demands occurring at each of the three
hierarchical levels i.e. between workers (within wards),
between wards (within nursing homes) and between
nursing homes. This was conducted using Variance
Components Analysis (VCA). VCA is a particular form
of mixed-effects modelling that includes only random
effects. As such, we constructed a mixed-effects linear
regression model that included only the factors worker,
ward and nursing home as random intercepts.

The second part of the analysis was the investigation
of potential determinants of quantitative demands at

each of the three levels. We did this in two steps. First,
we conducted a univariate analysis that individually
assessed each candidate determinant as a fixed-effect
in the random-intercept model described above. The
second step then combined all significant determinants
(P < 0.05) into a single multivariate model. We present
B-coefficients with confidence intervals, and marginal R?
values for all models investigated. Because of the mul-
tiple tests conducted, Holm-Sidak adjusted p-values
(Ludbrook, 1998) are provided alongside the standard
P-values for all univariate models.

All statistical analyses were conducted in R (R Core
Team, 2018)/ RStudio (RStudio Team, 2016) using pack-
ages: Ime4 (Bates et al., 2019); VCA (Andre and Dufey,
2020); broom.mixed (Bolker et al., 2020); DHARMa
(Hartig, 2020); insight (Lidecke et al., 2020); and the
tidyverse suite of packages (Wickham ez al., 2019). An o
of 0.05 was used for all significance testing.

We conducted two sensitivity analyses in this study.
Firstly, because of a high correlation between the type
of shift (having a fixed evening shift) and staffing ratio
(r = -0.82), we conducted an extra analysis for staffing-
ratio that was stratified by the type of shift. This ana-
lysis was limited to two strata (Fixed day shift and
Fixed evening shift) due to the low number of workers
outside these two categories. Secondly, due to concerns
regarding common method variance between our psy-
chosocial measures (influence at work, social support
from colleagues, quality of leadership and emotional de-
mands) and quantitative demands, we conducted a sen-
sitivity analysis that used ward-level measures of these
variables. To calculate the ward-level measures of these
variables we averaged the response of all workers in
that ward.

Results

Of the 553 workers included in DOSES, 383 provided
the relevant data to be included in this study (Table 1).
These 383 workers were generally middle aged (mean
[SD] = 45.4 [10.5]), born in Denmark (80.2%) and al-
most all were female (96.1%). Most (75.5%) worked
in somatic wards and almost all were employed as ei-
ther care aides (48.7%) or care helpers (42.6%). Most
(85.1%) rated their health as ‘good’ or better.

Proportion of variance in quantitative demands
occurring at each level

In our sample of eldercare workers, the mean (SD) level of
quantitative demands was 44.7 (20.3). A histogram and
cumulative frequency curve are provided in the online
Appendix — Fig. S1(available at Annals of Occupational
Hygiene online). The variance in quantitative demands
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Table 1. Demographic characteristics of workers in eldercare.

Demographics (7 = 383) Mean (SD) n (%)
Age (years) 45.4 (10.5) -
Sex (female) - 368 (96.1%)
Country of birth (Denmark vs other)(n = 369) 296 (80.2%)
BMI (kg/m?) (n = 379) 26.1(5.1) -
Smoking habits
Never smoked - 126 (32.9%)
Former smoker - 116 (30.3%)
Occasional smoker - 25 (6.5%)
Daily smoker - 116 (30.3%)
Perceived health (1 = 378)
Excellent - 10 (2.6%)
Very good - 104 (27.5%)
Good - 208 (55.0%)
Not so good - 53 (14.0%)
Poor - 3(0.8%)
Job position (1 = 380)
Care aide - 185 (48.7%)
Care helper - 162 (42.6%)
Nurse or other health professional - 33 (8.7%)
Type of ward
Somatic . 289 (75.5%)
Dementia - 77 (20.1%)
Temporary rehabilitation - 9(2.3%)
Psychiatric - 8 (2.1%)
Perceived quantitative demands 44.7 (20.3)

occurred primarily between workers within wards
(90.9%) while the variance in quantitative demands that
occurred at the ward and nursing home levels was 1.1%
and 8.1% respectively.

Potential determinants of quantitative demands
at each level

In the univariate models (Table 2), significant deter-
minants of quantitative demands (0-100 scale) oc-
curred at the worker and ward levels. At the worker
level, decreased quantitative demands was associated
with being a care helper (compared to a care aide;
B =-10.4 [-14.5; -6.1]), being born outside Denmark
(B =-9.3 [-14.3; -4.2]), working on fixed evening shifts
(p =-11.5 [-16.5; -6.6]), increased influence at work
(0-100 scale; p = -0.2 [-0.3; -0.1]), increased quality
of leadership (0-100 scale; = -0.3 [-0.4; -0.2]) and
decreased emotional demands (0-100 scale; § = 0.4 [0.2;
0.5]). At the ward level, an increased resident/staff ratio
was associated with a decrease in quantitative demands
(0-100 scale; p = =1.5 [-2.6;5 -0.3]), however using the
Holm-Sidak adjusted P-value this association was no

longer significant. The marginal R? values (R? values for
the fixed effects only) for each determinant ranged from
<0.01 to 0.08 with the highest value being for emotional
demands. Further details for all potential determinants
tested are presented in Table 2. Furthermore, descriptive
statistics for all potential determinants are provided in
the online Appendix — Table S1 (available at Annals of
Occupational Hygiene online).

When combined in the multivariate analysis two
determinants markedly changed their effect estimates
(Table 3). This suggests they share a causal chain with
other factors assessed in the model. These were, the
effect of evening shift (and evening/night shift) which
became stronger when included in the full multivariate
model (change (A) B = 5.1 and 11.4 respectively), and
the resident/staff ratio, which reversed its direction
of effect (AP = 3), now showing a positive association
with quantitative demands. Determinants that were as-
sociated with a significant reduction in quantitative de-
mands in the multivariate model (Table 3) were being
born outside Denmark (§ = -6.5 [-11.0; -2.0]), having
a job as a care helper (f = -8.1 [-11.9; -4.1]), working
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Table 2. Univariate analyses of all determinants on quantitative demands in eldercare.
Determinant R? Estimate [+95%CI] P-value
Standard Holm adj.
Individual level variables
Age <0.01 -0.1[-0.3;0.1] 0.147
Sex (Female) <0.01 5.7 [-4.6; 15.9] 0.277
BMI <0.01 -0.4 [-0.7; 0.0] 0.078
Job position (ref: Care Aide) 0.06
Care helper -10.4 [-14.5; -6.1] <0.001 <0.001
Nurse or other health professional -1.3[-8.5; 6.0] 0.727
Seniority <0.01 0.0 [0.0; 0.0] 0.084
Smoking habits <0.01 1.7 [-2.1; 5.6] 0.380
Birth (outside Denmark) 0.03 -9.3 [-14.3; -4.2] <0.001 0.013
Shifts worked (ref: Fixed Day) 0.05
Fixed Evening -11.5 [-16.5; -6.6] <0.001 <0.001
Day/Evening -1.7 [-8.6; 5.5] 0.630
Other -4.5 [-13.5; 5.3] 0.319
Influence at work 0.05 -0.2 [-0.3; -0.1] <0.001 <0.001
Social support from colleagues <0.01 -0.1 [-0.2; 0.0] 0.081
Quality of leadership 0.06 -0.3 [-0.4; -0.2] <0.001 <0.001
Emotional demands 0.08 0.4 [0.2; 0.5] <0.001 <0.001
Proportion of time spent in:
Care work 0.01 -2.3[-8.1; 3.6] 0.429
Support work (cleaning etc) <0.01 -2.8 [-10.6; 5.0] 0.478
Administration work 0.03 -6.8 [-15.7;2.0] 0.131
Step/hour at work <0.01 -0.006 [-0.013; 0.001] 0.107
Number of resident handling tasks (lifts/repositions/turnings):
Total <0.01 0.0 [0.05 0.1] 0.220
Without patient support <0.01 0.0 [0.0; 0.1] 0.164
Without help from colleagues <0.01 0.0 [0.0; 0.1] 0.420
Number of squats <0.01 0.0 [0.0; 0.0] 0.845
Number of disturbances/interruptions <0.01 0.0 [-0.1;0.1] 0.610
Number of obstacles <0.01 0.1 [0.0;0.2] 0.077
Number of push/pull tasks (e.g of a wheelchair) <0.01 0.0 [0.0; 0.1] 0.213
Ward level variables
Ward Type (ref: somatic) <0.01
Dementia 1.7 [-4.0; 7.2] 0.552
Temporary rehab 3.1 [-11.3;17.4] 0.676
Independent living 3.2 [-13.1;19.3] 0.697
Ward size (max n residents) <0.01 -0.2 [-0.8; 0.3] 0.415
Staffing-ratio (residents/staff) 0.02 -1.5 [-2.6; -0.3] 0.009 0.315
Rooms for breaks (yes) <0.01 0.3 [-8.5;9.8] 0.948
Permission for breaks (yes) 0.01 -5.4[-11.8; 1.0] 0.106
Location of aides <0.01 7.2 [-3.7;18.3] 0.207
To what extent is the allocation of work tasks (residents):
Distributed fairly 0.01 -4.6 [-14.0; 4.6] 0.337
According to worker health 0.02 2.8-8.8;14.3] 0.642
According to job title 0.01 -4.3 [-11.05 2.6] 0.205
So that workers have the right balance of physical work 0.02 -3.4[-17.5; 10.6] 0.643
To maintain workers with the same residents <0.01 3.3[-9.0; 15.5] 0.615
According to residents’ needs 0.01 7.0 [-4.0; 18.4] 0.234
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Table 2. Continued

Determinant R Estimate [+95%CI] P-value
Standard Holm adj.

Individual level variables

Home level variables

Home size (max n residents) <0.01 0.0 [-0.2;0.1] 0.614

Number of floors <0.01 -1.0 [-4.5; 2.5] 0.593

Presence of elevators (No) <0.01 4.5 [-5.5; 14.6] 0.394

R? - marginal R%: proportion of total variance explained by the fixed effects in the model only.

Bold values indicate an association was statistically significant at the 0.05 level.

Table 3. Multivariate analysis of selected determinants on
quantitative demands in eldercare.

Determinant Estimate [£95%CI]  P-value
Birth (outside Denmark) -6.5 [-11.0; -2.0]  0.006
Work Job (ref: Care Aide)
Care Helper -8.1[-11.9; -4.1] <0.001
Nurse or other health 0.3 [-6.2;6.9] 0.931
professional
Work Shift (ref: Day shift)
Fixed Evening -16.6 [-24.7; -8.6] <0.001
Day/Evening -4.1[-10.9; 2.9] 0.253
Evening/Night -22.7 [-41.4;-3.7]  0.021
Day/Night 0.8 [-32.4;34.3]  0.962
Day/Evening/Night -8.1[-17.7; 1.8] 0.099
Other 14.1 [-19.5;47.0]  0.411
Quality of leadership -0.1[-0.2; 0.0] 0.081
Emotional demands 0.3 [0.2; 0.4] <0.001
Influence at work -0.2 [-0.3; -0.1] <0.001
Staffing-ratio (residents/staff) 1.5 [-0.4; 3.4] 0.128

R? =0.24;R? =0.34

R? - marginal R% proportion of total variance explained by the fixed effects in
the model only. R? - conditional R proportion of total variance explained by
both fixed and random effects in the model.

fixed evening and evening/night shifts (compared to day
shifts; B = -16.6 [-24.7; -8.6] and -22.7 [-41.4; -3.7]
respectively) and influence at work (f = -0.2 [-0.3;
-0.1]). Increased emotional demands was associated
with an increase in quantitative demands (f = 0.3 [0.2;
0.4]). The marginal R? and conditional R? values for the
multivariate model were 0.24 and 0.34 respectively.

Sensitivity analyses

When stratifying by the type of shift that workers con-
ducted (fixed day or fixed evening; univariate model),
an increased resident/staff ratio was associated with
increased quantitative demands. This association was

stronger in day workers (B = 5.7 [0.8; 10.9]; P = 0.026;
R? =0.03) than in evening workers (f = 1.6 [-0.7; 3.9];
P =0.170; R? = 0.03). When using ward-level aggre-
gates of our potential psychosocial determinants (influ-
ence at work, social support from colleagues, quality of
leadership and emotional demands) results were similar
to our main results (Online Appendix — Table S2, avail-
able at Annals of Occupational Hygiene online). The
effect size and R?_increased slightly for influence at
work, but decreased slightly for the other three vari-
ables. There were no changes in statistical significance.

Discussion

Summary of findings

In this study, we identified that nearly all of the vari-
ability in the perceived quantitative demands at work
occurred between workers (within wards), and that
only a minor part of the variability occurred at higher
organisational levels in eldercare workplaces, i.e. wards
(within nursing homes) and between nursing homes.
Furthermore, we found that factors in the psychosocial
work environment (i.e. emotional demands, quality of
leadership and influence at work) were the strongest de-
terminants for perceived quantitative demands in elder-
care. Organisational determinants also determining
perceived quantitative demands were the job position,
type of shift, and resident/staff ratio.

Strengths and limitations

The primary strengths of this paper are the collection of
data at multiple organisational levels from 20 nursing
homes, and the workplace observational methodolo-
gies that were used to collect much of the data. The pri-
mary weakness of this paper is its cross-sectional study
design, which increases the risk for common-method
variance and means that we cannot draw conclusions,
neither regarding causality nor reverse causality. For
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instance, some data (particularly regarding the psycho-
social work environment) were based on self-report by
the eldercare workers, which might influence the associ-
ations with the reported perceived quantitative demands
at work. However, we conducted sensitivity analyses
using ward-aggregated versions of these variables and
had similar results. We also do not assess any potential
moderating effects among the tested determinants. The
multiple univariate tests conducted in this analysis also
makes it more likely to find significant effects which do
not truly exist (i.e. type II errors). However, this concern
is minimised through the use of Holm-Sidak adjusted
P-values (i.e. P-values adjusted based upon the number
of tests conducted) and inclusion of a multivariate model.
Finally, we were unable to assess many potential deter-
minants that may be of importance for understanding
quantitative demands. For example, administration de-
mands, number of vacant positions (e.g. due to sickness
absence) or number of temporary employees hired to fill
those vacant positions.

Comparisons with other studies

In contrast to our own, most studies on perceived quan-
titative demands have focussed on the consequences of
high perceived quantitative work demands (Hansen et al.,
2012; Clausen et al., 2014a), with very few studies having
investigated the determinants of the quantitative demands,
nor tried to understand determinants of quantitative de-
mands at multiple organisational and individual levels to-
gether in the same analysis. However, despite their scarcity,
these studies do seem to agree with our own. Two Danish
studies (one in eldercare) showed that evening shifts were
associated with reduced quantitative demands compared to
day shifts (Beggild et al., 2001; Nabe-Nielsen et al., 2009).
Other studies support our finding of a relationship between
psychosocial aspects of the work environment and per-
ceived quantitative demands (Rugulies et al., 2010; Hansen
et al., 2015; Elfering et al., 2017; Mette et al., 2018; Burr
et al., 2019; Berthelsen et al., 2020; Van Den Oetelaar et al.,
2021). For example, one study in hospital nurses showed
that increased social support from colleagues was associ-
ated with a decrease in quantitative demands (Van Den
Oetelaar et al., 2021). Another example is a controlled trial
in eldercare that found that self-rostering (i.e. increasing
workers’ influence over their tasks) decreased self-reported
quantitative demands (Hansen et al., 2015).

Many studies have investigated the influence of oc-
cupation on quantitative demands (e.g. comparing
manufacturing and eldercare), but such investigations
are not useful for us in our aim to understand the de-
terminants of quantitative demands within eldercare.
Furthermore, although there are many ways to take

occupational variation into account (Biultmann et al.,
2002; Madsen et al., 2018; Niedhammer et al., 2018),
we used multivariate analysis to understand the impact
of our proposed determinants while holding other poten-
tial determinants still. This was done because we wanted
to maintain a purely hierarchical model, which prohib-
ited the inclusion of occupation in the multi-level mod-
elling since different occupations (e.g. care helpers, care
aides and nurses) are spread over the different wards.

Interpretations and implications

Overall, we observed that nearly all of the variability in
perceived quantitative demands at work occurred be-
tween workers within wards, and that only a minor part
of the variability is explained at higher organisational
workplace levels in eldercare. In other words, different
workers within a ward likely have different exposures/
tasks/demands. This may indicate that workplace inter-
ventions should mainly focus on the worker level when
seeking to modify quantitative demands. However, since
most of the determinants identified are organisational
determinants, it seems more likely that unidentified
moderating factors are causing upper-level determinants
to cause worker-level variation. Since many of the organ-
isational determinants we found were non-modifiable
(i.e. job position, type of shift), we must consider what
it is about these non-modifiable determinants that is re-
lated to perceived quantitative demands. For example,
the resident-staff ratio was strongly related to the type of
shift, which confounded its relationship with perceived
quantitative demands. As such it may be that interven-
tions that reduce the resident-staff ratio may, despite the
mixed results found in our study, bring about significant
reductions in perceived quantitative demands.

Another important result was that we found psycho-
social work environment factors to be the strongest deter-
minants of perceived quantitative demands in eldercare.
This contrasts strongly with the physical work tasks as-
sessed, such as resident handlings and push/pull tasks,
which were not associated with perceived quantitative
demands. As such, it seems that perceived quantitative
demands measure psychosocial aspects of work, rather
than physical exposures such as resident handlings. For
instance, it may be that physical work that occurs within
a positive environment (e.g. one where the worker has in-
fluence on their work and emotional demands are min-
imal) do not factor as quantitative demands in the minds
of workers. It may also be that the ‘time pressure’ aspect
of perceived quantitative demands as measured in the pre-
sent study takes supremacy and psychosocial factors are
more closely associated with not having enough time to
accomplish your work than any particular physical factor.
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Future research

To better-inform research-based preventive interventions
for reducing high perceived quantitative demands, we
encourage more studies which investigate the determin-
ants of perceived quantitative demands, both to iden-
tify determinants that were not included in our study
and to replicate our findings. It is also important that
we engage practitioners, researchers in health and re-
searchers dealing with work organization and manage-
ment in order to gain a full picture of these determinants
(MacDonald et al., 2008), collect them from multiple
levels of the workplace and use methods less prone to
bias (i.e. technical measures or observation) where pos-
sible. Developing and testing interventions targeted at
identified determinants to reduce perceived quantitative
demands is, alongside appropriate process monitoring,
the next step in reducing quantitative demands among
eldercare workers (Van Der Beek et al., 2017).

Conclusion

We found that the variation in perceived quantitative de-
mands of eldercare workers was mainly explained by in-
dividual differences (within wards), and only to a small
extent by differences between wards (within nursing
homes) and between nursing homes. Our study indi-
cates that psychosocial work environment factors (i.e.
emotional demands, influence at work, and quality of
leadership) are the strongest determinants for perceived
quantitative demands in eldercare. In contrast, physical
work tasks (e.g. number of resident handling tasks, push/
pull tasks) seem only marginally related to perceived
quantitative demands. Organisational determinants such
as the job position, type of shift, and resident-staff ratio
are also important.

Supplementary Data

Supplementary data are available at Annals of Work Exposures
and Health online.

Acknowledgements

The authors acknowledge the contribution of all participants
from the DOSES study and the entire DOSES research group
who contributed to the data collection and data handling.

Funding

This study was funded by the National Research Centre for
the Work Environment and the Danish Work Environment
Research Fund (project number: 22-2019-09).

Conflict of Interest

The authors declare that they have no conflicts of interest.

Data availability

The data can be made available upon reasonable request.

References

Andre A, Dufey F. (2020) Package ‘VCA’: variance component
analysis. https://CRAN.R-project.org/package=VCA.

Arbejdstilsynet. (2022) Arbejdsmilje og helbred 2012-2018 [WWW
Document]. https://at.dk/arbejdsmiljoe-i-tal/arbejdsmiljoe-og-
helbred-2012-2018/ (accessed 29 April 2022).

Bates D, Maechler M, Bolker B er al. (2019) R Package ‘Ime4’:
Linear mixed-effects models using “Eigen” and S4. https://
CRAN.R-project.org/package=Ime4.

Berthelsen H, Westerlund H, Bergstrom G et al. (2020)
Validation of the copenhagen psychosocial questionnaire
version III and establishment of benchmarks for psycho-
social risk management in Sweden. Int | Environ Res Public
Health; 17: 3179. doi: 10.3390/ijerph17093179.

Bishop CE, Beth Weinberg D, Leutz W ef al. (2008) Nursing
assistants’ job commitment: effect of nursing home or-
ganizational factors and impact on resident well-being.
Gerontologist; 48: 36-45.

Boggild H, Burr H, Tiichsen F ez al. (2001) Work environment
of Danish shift and day workers. Scand | Work Environ
Health; 27: 97-105.

Bolker B, Robinson D, Menne D et al. (2020) Package ‘broom.
mixed’: tidying methods for mixed models. https://CRAN.R-
project.org/package=broom.mixed.

Brazier JE, Harper R, Jones NMB et al. (1992) Validating the
SF-36 health survey questionnaire: new outcome measure
for primary care. British Med J; 305: 160-4.

Bultmann U, Kant IJ, van den Brandt PA ez al. (2002) Psychosocial
work characteristics as risk factors for the onset of fatigue
and psychological distress: prospective results from the
Maastricht Cohort Study. Psychol Med; 32: 333-45.

Burr H, Berthelsen H, Moncada S et al. (2019) The third ver-
sion of the copenhagen psychosocial questionnaire. Safety
Health Work; 10: 482-503.

Clausen T, Borg V, Burr H. (2014a) Do psychosocial work con-
ditions predict risk of disability pensioning? An analysis of
register-based outcomes using pooled data on 40,554 obser-
vations. Scand | Public Health; 42: 377-84.

Clausen T, Tufte P, Borg V. (2014b) Why are they leaving?
Causes of actual turnover in the danish eldercare services. |
Nurs Manag; 22: 583-92.

Elfering A, Grebner S, Leitner M. et al. (2017) Quantitative work
demands, emotional demands, and cognitive stress symptoms
in surgery nurses. Psychol Health Med; 22: 604-10.

EU Skills Panorama. (2014) Skills for social care Analytical
Highlight, prepared by ICF GHK and Cedefop for the
European Commission.


https://CRAN.R-project.org/package=VCA﻿
https://at.dk/arbejdsmiljoe-i-tal/arbejdsmiljoe-og-helbred-2012-2018/
https://at.dk/arbejdsmiljoe-i-tal/arbejdsmiljoe-og-helbred-2012-2018/
https://CRAN.R-project.org/package=lme4﻿
https://CRAN.R-project.org/package=lme4﻿
https://doi.org/10.3390/ijerph17093179
https://CRAN.R-project.org/package=broom.mixed﻿
https://CRAN.R-project.org/package=broom.mixed﻿

Annals of Work Exposures and Health, 2022, Vol. 66, No. 8

1043

European Commission, Directorate-General for Employment,
Social Affairs and Inclusion, Coster, S, Vanhercke, B, Pefia-
Casas, R, et al. (2018) Challenges in long-term care in
Europe: a study of national policies, Publications Office.

European Commission, Secretariat-General. (2012) WHITE
PAPER: an agenda for adequate, safe and sustainable pen-
sions, Publications Office. https://op.europa.eu/s/wjoQ.

European Commission, Secretariat-General. (2018) European
pillar of social rights, Publications Office. https://data.
europa.eu/doi/10.2792/95934.

Freimann T, Piisuke M, Merisalu E. (2016) Work-
related psychosocial factors and mental health prob-
lems associated with musculoskeletal pain in nurses: a
cross-sectional study. Pain Res Manag; 2016: 9361016. doi:
10.1155/2016/9361016.

Gao F, Newcombe P, Tilse C et al. (2014) Models for predicting
turnover of residental aged care nurses: a structural equa-
tion modelling analysis of secondary data. Int | Nurs Stud;
51: 1258-70.

Hansen AM, Nabe-Nielsen K, Albertsen K et al. (2015) Self-
rostering and psychosocial work factors - A mixed methods
intervention study. Appl Ergon; 47: 203-10.

Hansen CD, Rasmussen K, Kyed M et al. (2012) Physical and
psychosocial work environment factors and their associ-
ation with health outcomes in Danish ambulance personnel
- A cross-sectional study. BMC Public Health; 12: 1.

Hartig F. (2020) Package ‘DHARMa’: residual diagnostics for
hierarchical (multi-level/mixed) regression models. https://
CRAN.R-project.org/package=DHARMa.

Ingebrigtsen J, Stemland I, Christiansen C et al. (2013)
Validation of a commercial and custom made accelerometer-
based software for step count and frequency during walking
and running. | Ergon; 03: 2-7.

Karstad K, Jorgensen AFB, Greiner BA et al. (2018) Danish
Observational Study of Eldercare work and musculoskel-
etal disorderS (DOSES): a prospective study at 20 nursing
homes in Denmark. BM] Open; 8: €019670.

Kristensen TS, Bjorner JB, Christensen KB et al. (2004) The dis-
tinction between work pace and working hours in the meas-
urement of quantitative demands at work. Work Stress; 18:
305-22.

Ludbrook J. (1998) Special article multiple comparison proced-
ures updated. Clin Exp Pharmacol Physiol. 25: 1032-7. doi:
10.1111/5.1440-1681.1998.tb02179.x.

Liidecke D, Makowski D, Patil I, Waggoner P. (2020) Package
‘insight’: easy access to model information for various model
objects. https://CRAN.R-project.org/package=insight.

MacDonald LA, Hirenstam A, Warren ND et al. (2008)
Incorporating work organisation into occupational health
research: an invitation for dialogue. Occup Environ Med;
65: 1-3. doi: 10.1136/0em.2007.033860.

Madsen IEH, Gupta N, Budtz-Jergensen E et al. (2018) Physical
work demands and psychosocial working conditions as
determinants of musculoskeletal pain: a cohort study
comparing self-reported and job exposure matrix measure-
ments. Occup Environ Med; 75: 752-8.

Madsen I[EH, Nyberg ST, Magnusson Hanson LL et al. (2017)
Job strain as a risk factor for clinical depression: systematic

review and meta-analysis with additional individual par-
ticipant data. Psychol Med; 47: 1342-56. doi: 10.1017/
$003329171600355X.

Mette J, Velasco Garrido M, Preisser AM et al. (2018)
Linking quantitative demands to offshore wind workers’
stress: do personal and job resources matter? A structural
equation modelling approach. BMC Public Health; 18:
1-15.

Nabe-Nielsen K, Tiichsen F, Christensen KB ez al. (2009)
Differences between day and nonday workers in ex-
posure to physical and psychosocial work factors in the
Danish eldercare sector. Scand | Work Environ Health;
35: 48-55.

Niedhammer I, Milner A, LaMontagne AD et al. (2018) Study
of the validity of a job—exposure matrix for the job strain
model factors: an update and a study of changes over time.
Int Arch Occup Environ Health; 91: 523-36.

Pejtersen JH, Kristensen TS, Borg V et al. (2010) The second
version of the Copenhagen Psychosocial Questionnaire.
Scand | Public Health; 38: 8-24.

R Core Team. (2018) R: A Language and Environment
for Statistical Computing. R Foundation for Statistical
Computing, Vienna. https://www.R-project.org.

Roen 1, Kirkevold O, Testad I et al. (2018) Person-centered care
in Norwegian nursing homes and its relation to organiza-
tional factors and staff characteristics: a cross-sectional
survey. Int Psychogeriatr; 30: 1279-90.

RStudio Team. (2020) RStudio: Integrated Development for R.
RStudio, PBC, Boston, MA URL http://www.rstudio.com/.

Rugulies R, Aust B, Pejtersen JH. (2010) Do psychosocial
work environment factors measured with scales from the
Copenhagen Psychosocial Questionnaire predict register-
based sickness absence of 3 weeks or more in Denmark?
Scand | Public Health; 38: 42-50.

Sallis JE, Cervero RB, Ascher W et al. (2006) An ecological ap-
proach to creating active living communities. Annu Rev
Public Health; 27: 297-322.

Schiitte S, Chastang JF, Malard L et al. (2014) Psychosocial
working conditions and psychological well-being among
employees in 34 European countries. Int Arch Occup
Environ Health; 87: 897-907.

Skotte ], Korshej M, Kristiansen J et al. (2014) Detection of
physical activity types using triaxial accelerometers. | Phys
Act Health; 11: 76-84.

Slany C, Schiitte S, Chastang JF et al. (2014) Psychosocial work
factors and long sickness absence in Europe. Int | Occup
Environ Health; 20: 16-25.

Van Den Oetelaar WFJM, Roelen CAM, Grolman W et al.
(2021). Exploring the relation between modelled and per-
ceived workload of nurses and related job demands, job re-
sources and personal resources; A longitudinal study. PLoS
ONE; 16: 1-21. 10.1371/journal.pone.0246658

Van Der Beek AJ, Dennerlein JT, Huysmans MA et al. (2017) A
research framework for the development and implementa-
tion of interventions preventing work-related musculoskel-
etal disorders. Scand | Work Environ Health; 43: 526-39.

Wickham H, Averick M, Bryan ] et al. (2019) Welcome to the
Tidyverse. ] Open Source Softw; 4: 1686.


https://op.europa.eu/s/wjoQ
https://data.europa.eu/doi/10.2792/95934
https://data.europa.eu/doi/10.2792/95934
https://doi.org/10.1155/2016/9361016
https://CRAN.R-project.org/package=DHARMa
https://CRAN.R-project.org/package=DHARMa
https://doi.org/10.1111/j.1440-1681.1998.tb02179.x
https://CRAN.R-project.org/package=insight﻿
https://doi.org/10.1136/oem.2007.033860
https://doi.org/10.1017/S003329171600355X
https://doi.org/10.1017/S003329171600355X
https://www.R-project.org
http://www.rstudio.com/
https://doi.org/10.1371/journal.pone.0246658

