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Do psychosocial strain and physical exertion predict onset of low-back pain
among nursing aides?
by Henrik Gonge, PhD,1 Lone Donbæk Jensen, MD,2 Jens Peter Bonde, PhD 2

Gonge H, Jensen LD, Bonde JP. Do psychosocial strain and physical exertion predict onset of low-back pain
among nursing aides? Scand J Work Environ Health 2001;27(6):388–394.

Objectives The aim of this study was to investigate psychosocial factors and physical exertion at work in
relation to the onset of low-back pain.

Methods The study was carried out as a case-crossover investigation of nursing aides caring for the elderly.
Cases were identified among 157 nursing aides over a period of 2 years. Psychosocial factors, physical exertion,
and low-back pain were reported daily in diary questionnaires over three consecutive days at work, repeated in
six periods of 3 days. For each subject, case observations were identified as pain onset from one day to the next
and matched with reference observations with no pain onset from the same person. Prospective data collection
allowed analyses to be conducted with and without a lag in time between exposure and pain onset.
Results The results of the analyses with time lag (longitudinal) did not support the hypothesis that psychosocial
and physical strain from 1 day of work predicts pain onset the following day. However, physical exertion, stress,
and, to some extent, time pressure were associated with pain on the day of onset.
Conclusion The effect period, if any, of exposure to physical exertion, stress, and time pressure on the onset of
acute low-back pain is considered to be less than 24 hours.

Key terms acute pain onset, case-crossover, longitudinal, stress, time pressure.

Female nursing aides have a high prevalence of lowback pain when compared with other nursing personnel
(1, 2) or with women in the general population (1). It is
agreed that the etiology of low-back pain is multifactorial (3), including both physical load and psychosocial
factors in relation to individual functional capacity (3,
4). However, reviews reveal that the significance of psychosocial factors is inconsistent (1, 3–5) and, further,
that previous research often lacks a distinction between
acute and chronic pain.
Several studies have suggested that psychosocial factors such as stress (6–8), strain (interaction of high demands and low control) (9–11), low support from superiors (12), feeling of need to slow down (13), perception of permanent work overload (14), and time pressure and troublesome patients with dementia symptoms
(7) contribute to the etiology of low-back pain among

1
2

nursing aides (auxiliary nurses, assistant nurses, practical nurses, home care workers). Other studies indicate
that the impact of psychosocial factors gains significance in interaction with measures of physical exertion
(10, 11, 15, 16).
Other than the aforementioned cross-sectional studies, to our knowledge, only a limited number of longitudinal (17, 18) and case-referent (2) studies focusing
on nursing aides has been published. These studies do
not suggest that psychosocial factors are causal in relation to low-back pain.
There is a need for studies that test earlier findings
in appropriate designs that allow for the inference of
causality. Furthermore, designs should be sensitive to
fluctuations that reflect the episodic nature of low-back
pain. In our present study incidents of acute onset or the
aggravation of low-back pain were investigated with a
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case-crossover design (19, 20), which has recently been
recommended for studying low-back pain (21, 22). Using a case-crossover design with prospective data collection, we set out to examine whether perceived psychosocial or physical strain predicts or, alternatively, is
associated with the onset of low-back pain. It was hypothesized that increased psychosocial strain or physical exertion (i) predicts pain onset the following day or
(ii) is associated with pain onset the same day.

Subjects and methods
Population
All employees in three Danish municipalities working
in residential homes and home care for elderly or handicapped people were invited to participate in the study.
In Denmark, care for the elderly is mainly organized in
centers where the nursing personnel provide home and
residential care, including a variety of worktasks primarily concerned with care but also domestic tasks. It was
underlined that participation was not dependent on previous incidents of low-back pain. Eighty-nine percent
of all the invited employees consented to participate, and
179 (85%) stayed in the program to complete the 2-year
longitudinal study. Of these, 157 female home care
workers and nursing aides performed job tasks relevant
for inclusion in this study. The age of the 157 participants ranged from 18 to 64 (mean 44.5, SD 9.5) years,
while seniority within care work ranged from 1 to 42
(mean 14.7, SD 7.8) years.

ports. Identical questions were repeated on each day of
diary recording, and the participants were instructed to
report at the end of each workday with that day in mind.
The first set of diaries was handed out personally to each
participant, followed by a short individual, oral instruction, while subsequent sets of diaries were mailed. Altogether 728 (77%) out of 942 potential sets of diaries
were received from the 157 participants. The average
number of diary sets per subject was 4.6 (1st round 141,
2nd 137, 3rd 128, 4th 116, 5th 109 and 6th 97). Incomplete diary recording was ascribed to absence due to
training or sickness, as well as to a general decline in
the response rate over time, which was partly attributable to retirement but which was also caused by other
unknown reasons.

Measurement of exposure
The work-related risk factors considered for this study
were time pressure, stress, help (support), appreciation
from clients, conscience about quality of the work, and
the total physical and total mental exertion from care
work (table 1). High scores on Likert scales ranging
from 0 to 10 for time pressure and stress were expected
to constitute increased risk, while low scores for help,
appreciation, and conscience could imply an increase in
risk. Physical and mental exertion was reported on modified RPE (rating of perceived exertion) scales ranging
from 0 to 14 (23). Correlation coefficients between the
independent variables are given in table 2. The strongest correlations (r) were time pressure-stress (r=0.72)
and physical-mental exertion (r=0.54).

Data collection

Measurement of low-back pain

Data were collected six times by diary with intervals of
approximately 3 months. In each diary period of 3 consecutive workdays, data were recorded through self-re-

The subjects were asked to “Indicate your low-back pain
right now” on a Likert scale ranging from “0=none at
all” to “10=worst possible” (table 1). The independent

Table 1. Independent and dependent variables. (RPE = rating of perceived exertion)
Variables

Scales

Time pressure: “Estimate the time pressure at work today during the entire day.”

Likert scale ranging from 0 = very little to 10 = very, very much

Stress: “How much stress have you felt at work today?”

Likert scale ranging from 0 = no stress to 10 = very high stress

Help: “How much help have you received while doing your work today?”

Likert scale ranging from 0 = no help to 10 = a lot of help

Appreciation: “How much appreciation from the clients have you experienced
today?”

Likert scale ranging from 0 = no appreciation to 10 = a lot of
appreciation

Conscience: “How is your conscience about the quality of the work today?”

Likert scale ranging from 0 = bad conscience to 10 = good
conscience

Physical exertion: “Estimate the total physical exertion from the carework today.”

Modified RPE scale ranging from 0 to 14 with 1 = very, very light
to 13 = very, very hard

Mental exertion: “Estimate the total mental exertion from the carework today.”

Modified RPE scale ranging from 0 to 14 with 1 = very, very light
to 13 = very, very hard

Low-back pain: “Indicate your low-back pain right now.”

Likert scale ranging from 0 = none at all to 10 = worst possible
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variables correlated only weakly with the reported lowback pain (table 2).
The dependent variable of this study, onset, is a
measure of the development or aggravation of acute,
low-back pain. Onsets were derived by calculating the
differences in low-back pain from one day to the next
in each set of diaries (eg, pain onset from the 1st day to
the 2nd or from the 2nd day to the 3rd). The magnitude
of the onset was based solely on the differences in the
scores independently of the actual score on the Likert
scale. An increase from 0 to 1 was categorized as “1”,
while an increase from 2 to 5 was categorized as “3”.
Therefore the term “onset” was a measure of pain increase which did not presuppose the participant to be
pain free at the outset.

Data analysis
Data were analyzed using a case-crossover approach.
Incidents of reported low-back pain onset were identified as cases. The exposure status of the cases at the time
of low-back pain onset was compared with the exposure status for that same individual in two reference periods without pain onset (19).
Cases. The cases of onset of low-back pain were categorized into the following levels by the magnitude of
onset: onset 1 (81 cases), onset 2 (36 cases), and onset
≥3 (44 cases). For each participant, only one case of pain
onset per level of onset magnitude was included to ensure the independence of the observations.
References. The ideal for identifying reference observations was considered to be neutral pain onset indicated by magnitude “0”, but, to obtain a sufficient number
of referents, a slight decrease indicated by “–1” was also
accepted.
Matching case and reference observations. For a case to
be included, preferably two and at least one reference
observation should have been available from the same

Table 2. Spearman correlation coefficients for psychosocial factors, physical and mental exertion, and low-back pain.
1
1. Time pressure

2

3

4

5

6

7

-

2. Stress

0.72

-

3. Help

0.19

0.25

-

4. Appreciation

-0.11

-0.15

-0.03

-

5. Conscience

-0.37

-0.43

-0.08

0.35

6. Physical exertion

0.46

0.42

0.21

-0.11 -0.19

-

7. Mental exertion

0.41

0.44

0.13

-0.12 -0.23

0.54

8. Low-back pain

0.23

0.26

0.18

-0.10 -0.16

0.27 0.12
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person. When a participant presented more than one case
observation, cases having reference observations with
identical pain scores at the outset and neutrality in pain
development were preferred before the random selection.
Subsequently, to eliminate bias due to differences in
actual pain level, reference observations were selected
so as to have the same pain score indicated on the Likert scale on the day of outset as the case observation.
While identical pain scores was the ideal, reference observations were tolerated to differ ±1 in the pain score
when compared with the case in order not to restrict the
number of referents. Reference observations matching
the cases were selected in the following order: (i) on
the basis of neutrality of onset (0 preferred to –1), (ii)
identical actual pain score (0 preferred to ±1), and, finally, (iii) chance. As a consequence of this rather restrictive selection procedure, a limited number of cases
presented only one reference observation (onset 1: 10
observations, onset 2: 2 observations and onset ≥3: 8 observations), but were nevertheless preserved in the data
set. For each person, the order of the case and observations was arbitrary (eg, the references did not necessarily precede the case, as the reference material was too
small to implement such a criterion of specific order).
We used conditional logistic regression to analyze
relations between the independent and dependent variables of the case and reference observations for each
subject. Data from each subject were analyzed as a stratum consisting of matched triplets. The analyses were
stratified by level of pain onset (eg, onset 1, onset 2,
and onset ≥3). All the independent variables (time pressure, help, stress, appreciation, conscience, and physical and mental exertion) were entered into the univariate analyses separately. Odds ratios and asymptotic 95%
confidence intervals (95% CI) for a unit increase in each
of the independent variables were calculated. Hypothesized effects on pain onset are indicated by odds ratios
above 1 for time pressure, stress, physical exertion, and
mental exertion and by odds ratios of < 1 for help, appreciation, and conscience. These procedures were repeated twice to conduct analyses with and without time
lag. Independent variables reported on the day preceding pain onset were entered into the analyses with time
lag (longitudinal), while analyses without time lag
(cross-sectional) were based on reports from the day of
pain onset.
In addition, physical and mental exertion were entered into a bivariate conditional logistic regression analysis to allow further exploration of the cross-sectional
data. Each separate conditional logistic regression analysis met the convergence criteria defined for this SAS
(statistical analysis system) procedure (24), while attempts to enter all the independent variables into a multivariate analysis failed to meet the criteria.
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Table 3. Unadjusted average levels of work-related risk factors by magnitude of low-back pain onset — data without and with time lag
between the report of exposure and onset. a
Magnitude of low-back pain onset
Low onset 1
Risk factor

Time pressure
Without time lag
With time lag
Stress
Without time lag
With time lag
Help
Without time lag
With time lag
Appreciation
Without time lag
With time lag
Conscience
Without time lag
With time lag
Physical exertion
Without time lag
With time lag
Mental exertion
Without time lag
With time lag

Grand mean a
(N=157)

Cases
(N=81)

Mean

SD

Mean

3.7

2.7

2.3

3.0

6.4

7.6

5.6

4.7

High onset ≥3

Medium onset 2

References
(N=162)

Cases
(N=36)

References
(N=72)

Cases
(N=44)

SD

Mean

SD

Mean

SD

4.1
3.9

2.5
2.6

4.0
4.1

2.7
2.8

4.4
4.1

2.5
2.8

4.4
4.8

2.8
2.4

2.4
2.2

2.9
2.6

2.6
2.5

3.4
3.1

2.5
2.4

3.0
2.6

2.8
2.6

3.1
3.0

2.8
2.9

4.1
4.8

6.2
6.2

2.4
2.5

6.1
6.2

2.5
2.3

7.4
7.5

2.3
1.8

7.2
7.1

6.2
5.8

2.2
2.3

5.1
4.6*

2.3
2.4

References
(N=88)

Mean SD

Mean

SD

2.3
2.7

4.6
4.1

2.8
2.4

3.7
4.1

3.3
3.2

2.5
2.6

3.7*
2.2

3.0
2.3

2.8* 2.6
2.6 2.8

2.8
3.1

3.7
4.0

2.5
2.7

3.3
3.5

3.0
3.3

3.1
2.8

3.2
3.0

6.8
6.6

1.9
1.9

6.3
6.3

2.5
2.4

6.3
6.1

2.2
1.9

6.1
6.3

2.2
2.2

2.2
2.4

7.2
7.3

2.2
2.2

7.1
7.0

2.3
2.5

7.0
7.7

2.6
1.9

7.5
7.2

2.0
2.5

5.9
6.1

2.1
2.3

7.0*
6.4

2.6
2.1

5.8* 2.4
6.3 2.7

6.8*
5.3*

2.3
2.3

6.0* 2.3
6.0* 2.6

4.9
5.1*

2.2
2.4

5.5
5.0

2.6
2.5

5.2
5.5

5.0
4.5

2.8
2.5

4.8
4.6

Mean SD

2.7
2.8

2.4

2.9

2.3

2.1

2.5

2.6
2.7
2.6

2.6
2.7

a Number of observations = 2184.
* P < 0.05 difference in scores for the case and reference observations analyzed with Wilcoxon signed rank sum tests.

Results
In table 3, unadjusted average levels of work-related risk
factors by magnitude of low-back pain onset are given
for the days of pain onset (without time lag), as well as
for the day preceding pain onset (with time lag). The
analyses of data without time lag indicated that the differences between the scores of the case and reference
observations were significant for physical exertion associated with the two highest onset levels, 2 and ≥3,
while stress was significant in relation to onset ≥3. Regarding data with time lag, the scores differed for physical exertion in relation to onset ≥3 and mental exertion at the lowest onset level 1. No other differences in
the data, with or without time lag, reached significance.

Table 4. Crude odds ratios (OR) and 95% confidence intervals
(95% CI) for the risk factors in relation to the onset of low-back
pain — univariate conditional logistic regression analyses of data
without time lag (cross-sectional). a
Risk factor

Low onset 1
(N=81)
OR

95 % CI

Medium onset 2 High onset ≥3
(N=36)
(N=44)
OR

95 % CI

OR

95 % CI

Time pressure

1.02 0.90–1.16 0.99 0.73–1.32 1.20 0.99–1.47

Stress

0.96 0.82–1.13 1.05 0.79–1.39 1.23* 1.00–1.51*

Help

0.99 0.86–1.13 1.12 0.88–1.41 1.03 0.90–1.18

Appreciation

1.03 0.89–1.18 1.24 0.94–1.63 1.08 0.85–1.39

Conscience

1.07 0.91–1.26 1.01 0.77–1.33 0.89 0.74–1.06

Physical exertion 1.13 0.94–1.36 1.43* 1.08–1.90* 1.20* 1.00–1.44*
Mental exertion

1.04 0.90–1.21 1.08 0.86–1.37 1.06 0.88–1.27

Number of observations: 243 for onset 1, 108 for onset 2, and 132 for
onset ≥ 3.
*P< 0.05.
a

Data without a time lag
The odds ratios and confidence intervals seen in table 4
support, to some extent, the hypothesized relations. Physical exertion approached significance for onset 1 [odds
ratio (OR) 1.13] and reached significance for onset 2 (OR.
1.43, 95% CI 1.08–1.90) and onset ≥3 (OR 1.20, 95% CI
1.00–1.44). The association between onset ≥3 and stress
was significant with an odds ratio of 1.23 (95% CI 1.00–

1.51), while time pressure approached significance with
an odds ratio of 1.20 (95% CI 0.99–1.47). Conscience
about the quality of the work is characterized by decreasing odds ratios, reaching an almost significant odds
ratio of 0.89 for onset ≥3.
The univariate analyses without time lag were extended by a bivariate analysis to explore the relative
Scand J Work Environ Health 2001, vol 27, no 6
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Table 5. Risk odds ratios (OR) and 95% confidence intervals
(95% CI) for physical and mental exertion in relation to the onset
of low-back pain — bivariate conditional logistic regression
analysis of data without time lag (cross-sectional). a
Type of
exertion

Low onset 1
(N=81)

Medium onset 2
(N=36)

High onset ≥3
(N=44)

OR

OR

OR

95 % CI

95 % CI

95 % CI

Physical

1.13 0.94–1.36 1.45* 1.06–1.97* 1.20 0.99–1.45

Mental

1.02 0.88–1.19 0.98 0.70–1.37

1.02 0.83–1.24

a

Number of observations: 243 for onset 1, 108 for onset 2, and 132 for
onset ≥ 3.
*P< 0.05.

Table 6. Crude odds ratios (OR) and 95% confidence intervals
(95% CI) for the risk factors in relation to the onset of low-back
pain — univariate conditional logistic regression analyses of data
with time lag (longitudinal).a
Risk factor

Low onset 1
(N=81)

Medium onset 2
(N=36)

High onset ≥3
(N=44)

OR

OR

OR

95 % CI

95 % CI

95 % CI

Time pressure

0.95 0.83–1.07 0.84 0.69–1.03 1.00 0.86–1.1

Stress

0.94 0.83–1.07 0.98 0.80–1.21 0.89 0.72–1.09

Help

0.90 0.77–1.05 1.19 0.97–1.47 1.15 0.98–1.36

Appreciation

0.99 0.85–1.16 1.11 0.85–1.45 0.91 0.72–1.14

Conscience

1.16 0.95–1.42 1.09 0.80–1.48 1.22 0.91–1.64

Physical exertion 0.90 0.77–1.06 1.03 0.81–1.30 0.82*0.69–0.98*
Mental exertion

0.85* 0.72–1.00* 0.89 0.69–1.14 0.95 0.75–1.21

a

Number of observations: 243 for onset 1, 108 for onset 2, and 132 for
onset ≥ 3.
*P< 0.05.

importance of physical and mental exertion. The results
in table 5 indicate that the odds ratios and confidence intervals, regardless of onset magnitude, remained rather stable.

Data with a time lag
None of the odds ratios presented in table 6 support the
hypothesis that any of the independent variables can predict low-back pain onset the following day. On the contrary, the results surprisingly included significant odds
ratios of 0.82 (95% CI 0.69–0.98) for physical exertion
onset ≥3 and 0.85 (95% CI 0.72–1.00) for mental exertion onset 1, a finding which provocatively indicates
these to be preventive factors in relation to pain onset.

Discussion
The main finding of this study was that psychosocial and
physical strain on one workday does not predict low-
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back pain onset the following day. The time-lagged
analyses thus failed to support the hypothesized causal
relations.
Physical exertion was consistently associated with
pain onset on the same day, although it was only significantly related to the two highest levels of pain onset.
As in previous studies (6, 7, 9–11), an association was
seen between stress and pain in this study, however only
in relation to the most severe pain onset. Modest support for an association between time pressure and a high
level of pain onset was also found. This finding may
reflect confounding with stress, as indicated by a strong
correlation (r=0.72) between these variables. Exposure
and pain seemed to be covariates, as the level of exposure, like pain onset, increased from one day to the next
for the cases, while it remained stable for the reference
observations. Therefore, causality cannot be inferred
from the analyses of data without time lag. However,
the design of this study allowed two additional inferences.
First, the different results for the analyses with and
without time lag have implications for estimating the
effect period of work-related risk factors. The effect
period is defined as the period of altered risk in a population, observed as the difference between the minimum
delay before impact and the maximum carryover time
(20). In this study the effect period, if any effect at all,
was less than 24 hours, and measurements should therefore be collected with shorter intervals (eg, every hour
during a workday). Obviously, the alternative interpretation is that the minimum delay is more than 24 hours,
which however seems unlikely in relation to the acute
onset or aggravation of pain.
Second, the case-crossover design of this study eliminated the risk that significant associations would be
spuriously inflated by stable subjective characteristics
(19, 20). Confounding by constant subject characteristics such as age, seniority, smoking, former low-back
pain problems, and negative affectivity (a general dimension of subjective distress) (25) was ruled out, as
each subject served as her own reference. However, the
case-crossover design did not adjust for subject characteristics and environmental factors that may have
changed over time [eg, training, organizational structure
and new clients (20)]. Furthermore, it is still possible
that pain reporting and perceptions of the work environment reflected changing, temporary mental states —
and consequently that we did not measure two independent phenomena.

Relative importance of physical and mental exertion
In the analyses without time lag, physical exertion was
significantly associated with pain onset (OR 1.13, 1.43,
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and 1.20), while a consistent, but weak positive association was indicated for mental exertion (OR 1.04, 1.08,
and 1.06). Only the odds ratios for mental exertion (1.02,
0.98, and 1.02) were slightly affected by entering both
factors into a bivariate analysis. These results confirm
the importance of physical exertion when compared with
an uncertain effect of mental strain in relation to pain
onset, although the methodological limitations of this
study warrant that the results be interpreted with caution.
First, self-reported physical exertion is likely to be
confounded by mental factors (3), as indicated in our
study by a correlation between physical and mental exertion (r=0.54). Likewise, Josephson et al (18) also reported physical exertion (RPE scale) to be correlated
with psychological demands (r=0.4).
Furthermore, it is puzzling that total mental exertion
did not even approach a significant association with pain
onset, while stress and time pressure did. Evidently the
measure of mental exertion is likely to be confounded
by physical exertion, but it is also a limitation of this
study that the applied single-item measures provided
less valid and reliable data than multiple item scales
might have offered. For instance, it is uncertain whether the concept of stress is appraised and reported as a
stressor or a response (26).
In summary, in our attempts to determine the relative importance of physical and mental exertion, it was
an advantage of our study that comparable self-reported measures were available. However, it was revealed
that simply posing similar questions and applying identical scales for each factor side-by-side has methodological limitations (1, 2). Perceived exertion may in reality be impossible to separate into distinctive physical
and mental components (11), partly because they are indistinguishable for the person, and partly because exertion is an integrated phenomenon.

Selection of reference observations
Considerable declines in pain — negative onsets —
were excluded from the reference observations, as they
were likely to be derived predominantly from high outset levels of pain, when a decline in pain was to be expected and further increase was unlikely. Furthermore,
congruence in the actual low-back pain level at the day
of outset had to be observed for the case and reference
observations. Otherwise, although neutral in respect of
onset, continuous high levels of reported pain were likely to become reference observations.
Reference observations did not necessarily precede
the case observations, and this result implies that a case
of pain onset may have affected how psychosocial factors and physical exertion were reported in subsequent
reference observations. However, we assumed that,

when compared with, for example, incidents of severe
illness, an episode of acute low-back pain onset had limited effect on later reports.
The aim of this study was to investigate immediate
effects of short-term daily psychosocial and physical
exposures at work on pain onset. The results should not
be extended beyond this perspective without caution.
Possible effects of accumulated psychosocial and physical exertion, as well as complex psychological constructs (eg, personality traits or burnout) cannot be ruled
out on the basis of this study (21).

Concluding remarks
In this study we found that psychosocial strain and physical exertion from one day of work did not predict onset of low-back pain the following day. Physical exertion, stress, and possibly time pressure in this care work
context were related to acute pain onset the same day,
but the associations were weak and rather inconsistent.
Thus the short-term effect, if any, has a delay of less
than 24 hours.
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