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REVIEW ARTICLE

Is sitting-while-at-work associated with low back
pain? A systematic, critical literature review

Jan Hartvigsen'*, Charlotte Leboeuf-Yde?, Svend Lings® and Elisabeth H Corder*

"Nordic Institute of Chiropractice and Clinical Biomechanics, Odense C, Denmark, 2the Medical Research Unit, Ringkabing, Denmark,
30dense University Hospital, Department of Occupational and Environmental Medicine, Odense C, Denmark and “University of
Southern Denmark, Department of Genetic Epidemiology, Odense C, Denmark

Scand J Public Health 2000; 28: 230-239

Objectives: To present a critical review and evaluate recent reports investigating sitting-while-at-work as a risk factor for low
back pain (LBP). Methods: The Medline, Embase and OSH-ROM databases were searched for articles dealing with sitting at
work in relation to low back pain for the years 1985-97. The studies were divided into those dealing with sitting-while-
working and those dealing with sedentary occupations. Each article was systematically abstracted for core items. The quality
of each article was determined based on the representativeness of the study sample, the definition of LBP, and the statistical
analysis. Results: Thirty-five reports were identified, 14 dealing with sitting-while-working and 21 with sedentary
occupations. Eight studies were found to have a representative sample, a clear definition of LBP and a clear statistical
analysis. Regardless of quality, all but one of the studies failed to find a positive association between sitting-while-working
and LBP. High quality studies found a marginally negative association for sitting compared to diverse workplace exposures,
e.g. standing, driving, lifting bending, and compared to diverse occupations. One low quality study associated sitting in a
poor posture with LBP. Conclusions: The extensive recent epidemiological literature does not support the popular opinion
that sitting-while-at-work is associated with LBP.

Key words: epidemiology, low back pain, literature review, occupation, risk factors, sedentary, work.
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INTRODUCTION on one-third of Danish workers aged 18 to 59 spent at
least 75% of their work time in the sitting position (8).
Furthermore, office environments and office furniture
may be different at present compared to even 20 years
ago.

We therefore decided to critically evaluate reports
published between 1985 and 1997 dealing with sitting-
while-at-work in association with LBP, in order to
determine whether this popular belief is supported by
recent studies. This review will potentially enable
healthcare professionals, and others, to offer better
advice to workers regarding the potential risk to the
lower back arising from sedentary work positions.

Low back pain (LBP) is one of the most common
diseases with lifetime prevalence rates estimated to be
around 70% (1). Standard medical textbooks (2, 3)
and early studies (4) state that sitting-while-at-work is
associated with LBP. One author, in a selective
review, concludes that sitting-while-at-work is con-
sidered a risk determinant for LBP (5), while another
author states that the evidence is not consistent (6). In
a recent article, aiming at identifying factors that
contribute to occupational back injury, the author
goes as far as stating that: “The sitting position, one
of the best studied occupational postures, is consid-
ered to be a strong risk factor for low back pain” (7).

Indeed many studies have dealt with the sitting
position in relation to LBP. However, to our knowl-
edge no formal meta-analysis or systematic literature
reviews evaluating recent studies have been published,
hence the present picture is unclear. This is unfortu-
nate, because the workplace exposure to the sitting
position is very common; for example, in 1995 close
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METHODS

Identification of studies

Journal articles for review were identified in the
Medline, Embase and OSH-ROM databases for the
years 1985-97 (inclusive) using all possible combina-
tions of the index terms ‘“low back pain”, “work™,
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“occupation”, and “‘epidemiology”’, and the text
words “sitting”’, and ‘“‘sedentary” either in the title,
the key words or the abstract. Reference lists of
studies retrieved, in particular review articles, were
carefully screened in order to locate additional papers.
Only articles written in English were included in this
review.

Abstraction

Each article was abstracted independently by two or
three of the authors (JH, CY, SL) for items listed in
Table I. Any discordance was resolved by discussion,
except in a few instances where the fourth author (EC)
arbitrated.

To facilitate comparison, cross-product odds ratios
(OR) with corresponding 95% confidence intervals for
sitting occupations were calculated for each study — if
this was possible from the data provided and if it had
not already been done. For calculations, we used Epi
Info 6, version 6.04b.

Quality

The quality of each study was evaluated on the basis
of on the representativeness of the sample, the
definition of LBP, and the statistical analysis.

1. Representativeness: Entire large populations were
considered representative, e.g. all workers at a
factory or all workers in a department, as were
subsamples if these were probability or systematic
samples, and if the response rate was > 80%.
Study samples were considered non-representative
when no attempt was made towards random
sampling (i.e. convenience samples, volunteers, or
no sampling description), when the response rate
was < 80%, when the response rate was not
reported, or when it was expressively stated that
the study sample was not representative. Further-

Table 1. Information abstracted from each article
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more, cases and controls had to be matched for at
least age and gender (where applicable).

2. Definition of LBP: LBP was considered to be
adequately defined if the definition was presented
in an explicit manner to the study subject, and if
readers were likely to be able to replicate the
questions in relation to LBP in later studies.

3. Statistical analysis: The statistical analysis was
considered appropriate if descriptive statistics
concerning disease occurrence were provided for
each exposure group, e.g. means, and if the groups
were compared using an explicit appropriate
method, e.g. “odds ratios derived from Mantel-
Haenszel stratified analysis”, or “logistic regression
adjusted for age and sex”.

Review

Studies were scrutinized to address whether sitting-
while-at-work or sedentary occupations were asso-
ciated with LBP in the following manner:

1. All articles were evaluated with respect to this
question.

2. Studies considered to be of better quality (i.e. a
representative sample with a high response rate, a
clear definition of LBP, and an appropriate
statistical analysis) were considered separately.

3. Studies also investigating the dose/response issue
were considered with respect to this issue.

RESULTS

Description of studies

Thirty-five reports were identified. Of these, 14 dealt
with sitting-while-working and 21 with sedentary
occupations. Abstracted items from this review are
summarized in Tables II and III. Thirty-one studies

. Country where the study was conducted
. Year of publication

. Name of authors

. Title of article

. Source

. Sampling method and sample size

. Occupational groups or type of work under study

— OO 00NN W~

— —

period, consequences)

—
[\

. Study design (cross-sectional, case-control, or prospective)

. Data collection method (questionnaire, personal interview, medical records, etc.)

. Exposure information (hours spent sitting per day, years employed, any other measure of exposure)
. Description of low back pain given to study subjects and in reports (definition, severity, duration, frequency, recall

. Clarity and appropriateness of the selected statistical analysis (Was a hypothesis clearly presented and tested with an

appropriate method? Were summary statistics, e.g. means and/or odds ratios presented?)

_—
I

. The summary statistics and probability values including 95% confidence intervals
. The authors conclusions regarding sitting-while-at-work and low back pain
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were cross-sectional and 4 were prospective. The
studies were set in 17 different countries, most
frequently in Scandinavia (40%).

Quality of studies

1. The reviewed studies used a wide variety of
sampling methods ranging from random popula-
tion samples (9-11) to no description of the
sampling method (12, 13).

2. LBP was defined in different ways: Eight studies
used a questionnaire with previously demonstrated
reproducibility, such as the Standardized Nordic
Questionnaire (9, 14-20); 1 study used a ques-
tionnaire previously used without validation (13); 9
studies used own questionnaires or drawings with
the LBP definition explicitly described in the text
(11-12, 21 -27); 8 studies used own questionnaires
or drawings without any description of LBP in the
text (10, 28—34); 5 studies used injury claims or
medical records including ICD8 or 9 codes with no
description in the text (35-39); and 4 studies
provided no description at all of LBP (40-43).

3. A variety of statistical measures were used ranging
from well-described, standard, epidemiological
methods used to calculate odds ratios (11) to
merely reporting the percentage of workers with
LBP in a single group (41).

We found 8 out of 33 studies to have a representative
sample, a clear definition of LBP, and a clear
statistical analysis (Tables II and III) (9, 11, 14, 15,
23, 25, 34, 36).

Is sitting-while-working associated with LBP?

None of the 14 studies summarized in Table II
showed that sitting-while-working per se was statisti-
cally significantly, positively associated with LBP,
including one prospective and 13 cross-sectional
studies. One low-quality study found prolonged sitting
in a “poor sitting posture” to be statistically
significantly associated with the one-year period
prevalence of LBP (13). LBP odds ratios for these
studies ranged from 0.72 to 2.13. The only two high-
quality studies dealing with sitting-while-working both
demonstrated a weak statistically significant, negative
association for sitting: OR=0.72 (0.53-0.97) com-
pared to standing (9) and OR=0.84 (0.74-0.96)
compared to standing, twisting or bending, physically
hard work, or whole-body vibration (11).

Is having a sedentary occupation associated with
LBP?

None of the 21 studies summarized in Table III
showed that having a sedentary occupation was
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statistically significantly positively associated with
LBP, including 18 cross-sectional and 3 prospective
studies. Fourteen had ORs reported or calculated by
the present authors based on the data provided
ranging from 0.38 to 1.73: of these, 12 studies had
ORs of less than or equal to the reference value of
one, indicating the possibility of a protective or
neutral effect.

The 5 high-quality studies of this type all showed a
statistically significant, negative association for seden-
tary occupations: OR =0.46 (0.24-0.89) when white-
collar workers were compared with blue collar-work-
ers (36), OR=0.57 (0.32-1.00) when office-workers
were compared with crane operators and straddle-
carrier drivers (15), OR=0.55 (0.40-0.78) when
office-workers were compared with machine operators
and carpenters (25), OR=0.62 (0.54-0.71) when
managerial, administrative, and clerical work was
compared with healthcare and social work, commer-
cial work, technical, scientific work, agriculture and
fishing, transport and communication, manufacturing
work, and service work (34), and OR=0.69 (0.54-
0.89) when white-collar workers were compared with
plumbers, carpenters, painters, plasterers, bricklayers,
or unskilled workers (23). Two studies had ORs>1,
indicating the possibility of an increased “risk” (20,
40). In both instances, however, the 95% CI straddles
the value of 1, making it statistically non-significant.

Other summary measures were used in 7 studies:
Days of absence from work owing to back pain (38),
questionnaire score (pain, disability) (10, 18, 22),
percentage with LBP (41), workers’ compensation
claims or number of accidents (37, 39). None of these
studies showed an association between LBP and
sitting per se. In fact, white-collar workers had the
least days absent from work compared to nurses,
manual workers, drivers, miners, and lumberjacks (38)
and sedentary occupations had a lower than average
risk of progressing to chronic LBP in a comparison
between 18 occupational groups (39).

Is there a positive dose-response relationship between
sitting and LBP?

Dose-response information was collected in three
studies (9, 11, 20), two of which were high-quality
studies (9, 11). Thus, Svensson and Andersson found
that sitting for more than 4 h daily was significantly
less often associated with LBP than sitting for 2—4 h
daily and also for less than 2 h daily (9). Unfortu-
nately, Xu et al. did not have confidence in the precise
numbers of hours each subject spent sitting per day
(personal communication) and therefore did not
report their dose response results (11). Skov et al.
investigated the proportion of time spent sitting,
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comparing persons sitting for 25%, 50%, 75%, and
100% of working time with those who worked
continuously standing. Odds ratios ranged from 1.6
to 2.4 with wide confidence intervals, suggesting that
the proportion of time sitting was not a major “risk”
factor for LBP (20). Furthermore, it is unclear
whether subjects driving cars were included in the
sedentary group.

DISCUSSION

Only one of the 35 studies published from 1985 to
1997 that we succeeded in collecting showed that
sitting-while-working was associated with LBP. In
other words, we found no conclusive evidence for an
association between sitting-while-at-work and LBP.

However, out of the 35 studies only 8 fulfilled the
very basic criteria of obtaining a good response rate
from a representative sample, a clear definition of
LBP, and a clear and understandable statistical
analysis. These criteria can, in our opinion, be
considered the minimum standard when evaluating
epidemiologic literature in relation to LBP. It is
nevertheless interesting that both high-quality and
low-quality studies are consistently in agreement with
respect to this matter, leaving little room for doubt
about the lack of positive association between sitting
at work and LBP.

The only exception was the study by Lee and
Chiou, who found that “poor sitting habits” were
statistically significantly associated with LBP within
the past year (13). However, the authors did not
specifically explain the difference between “good” and
“poor” sitting habits and since “good sitting habits”
appeared not to be associated with LBP, we conclude
that the increased one-year prevalence of LBP could
not be caused by sitting per se.

In the case of sitting, a clear and understandable
description of exposure creates some particular
difficulties: Sitting-while-working starts as early as at
school and there is often considerable spill-over from
leisure time, i.e. watching TV, or playing computer
games. Thus, it is extremely difficult to obtain a
reliable measure of exposure over a period of time let
alone obtain a reliable measure of lifetime exposure.
This is different from of other workplace exposures,
such as chemicals or vibrating machinery, which are
for the most part limited to adults and to specific
workplaces.

It is also possible that the occurrence of LBP is
dependent on the specific task performed while sitting
rather than by sitting itself, such as suggested by
Rotgoltz et al. (25). This could also explain the “poor
posture” findings of Lee and Chiou (13). In muscu-
loskeletal disorders of the upper extremity, for
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instance, it is widely accepted that repetition of
inappropriate, or even normally harmless, tasks may
contribute to the onset of painful conditions (44, 45).
However, none of the present studies deal specifically
with this issue.

Strictly speaking, in order to obtain a reliable risk
estimate, exposure should precede the outcome. This
requires an initially disease-free study group and
prospective investigations. In the case of work-related
LBP, it is difficult to obtain such a study group, since
the lifetime prevalence of LBP is already very high at
the age of 20 (1). However, it would still be possible to
study existing LBP, for example with respect to
development of chronicity, treatment needed, and job
changes in relation to sitting.

The lack of a positive association between sedentary
jobs and LBP is even more remarkable considering
that all but three studies were cross-sectional and
therefore probably subject to the so-called ‘“healthy
worker effect”. In other words, office workers
incapable of sitting for long hours might move on
to other types of jobs and not be in these studies.
However, we believe it is more likely that already-
diseased persons in heavy jobs end up with a
sedentary job, thereby potentially inflating the pre-
valence of LBP among office workers.

All in all, we consider the idea that sitting-while-at-
work causes LBP a myth. Apparently, this concept, at
least partly, arises from two widely cited sources:

e First, Alf Nachemson in the 1960s published
extensively on pressure conditions in the human
intervertebral disc (46—51). Using in vivo measure-
ments, he showed that the total load on the disc
increases by about 38% in the seated as compared
with the standing position in young adults (50). His
measurements were, however, performed only on
the L3, and to a lesser extent, the L4 discs in
individuals with normal discograms and with no
abnormal radiological findings. Furthermore, these
measurements were not correlated with pain find-
ings and Nachemson did not himself propose that
sitting was a risk factor for low back pain per se.

e Second, in 1972 Magora concluded that sitting at
work increases the risk for LBP in one of the first
major epidemiological studies concerning work and
LBP (5). A closer look at this often-cited study
reveals, however, that his conclusion was not
justified on the basis of the data provided in the
article. We calculated the odds ratio for his “sitting
often” group compared to his “sitting rarely or
never” group and found that the “sitting often”
group, in fact, had significantly less LBP (odds ratio
0.41 (0.33-0.51). When comparing “sitting often”
to “‘sitting sometimes” the OR was 9.25 (5.31-
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16.41) making the conclusions of this

equivocal at best.

study

The creation of a scientific myth probably requires
several premises. The first is confusion or a lack of
precise knowledge combined with an interest in
providing answers within a short time frame. The
second is a reasonable degree of logical arguments, in
this case provided by the already-mentioned papers (5,
50). The third is the lack of opposing arguments over
time or, as we suspect in this case, systematic citation
bias.

To challenge a scientific myth and to propose a
different view is difficult. Meta-analysis or systematic
literature reviews are helpful in clarifying the picture
in areas with a considerable amount of diffuse
information.

CONCLUSION

This literature review did not support the widespread
opinion that sitting-while-working is a risk factor for
LBP. Studies in a variety of settings applying different
definitions of LBP consistently failed to demonstrate a
statistically significant, positive association between
these two factors. It is important that physicians are
aware of this information when advising patients.
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