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Pereira M, Comans T, Sjggaard G, Straker L, Melloh M, O'Leary S, Chen X, Johnston V. The impact of workplace ergonomics
and neck-specific exercise versus ergonomics and health promotion interventions on office worker productivity: A cluster-
randomized trial. Scand J Work Environ Health. 2019;45(1):42-52. doi:10.5271/sjweh.3760

Objectives Using an employer’s perspective, this study aimed to compare the immediate and longer-term impact
of workplace ergonomics and neck-specific exercise versus ergonomics and health promotion information on
health-related productivity among a general population of office workers and those with neck pain.

Methods A prospective one-year cluster randomized trial was conducted. Participants received an individual-
ized workstation ergonomics intervention, combined with 12 weeks of either workplace neck-specific exercises
or health promotion information. Health-related productivity at baseline, post-intervention and 12-months was
measured with the Health and Work Performance Questionnaire. Intention-to-treat analysis was performed using
multilevel mixed models.

Results We recruited 763 office workers from 14 organizations and allocated them to 100 clusters. For the
general population of office workers, monetized productivity loss at 12 months [AU$1464 (standard deviation
[SD] 1318) versus AU$1563 (SD=1039); P=0.023]; and presenteeism at 12 months [2.0 (SD 1.2) versus 2.4 (SD
1.4); P=0.007] was lower in the exercise group compared to those in the health promotion information group.
For office workers with neck pain, exercise participants had lower sickness absenteeism at 12 months compared
to health promotion information participants [0.7 days (SD 1.0) versus 1.4 days (SD 3.1); P=0.012], despite a
short-term increase in sickness absenteeism post-intervention compared to baseline for the exercise group [1.2
days (SD 2.2) versus 0.6 days (SD 0.9); P<0.001].

Conclusion A workplace intervention combining ergonomics and neck-specific exercise offers possible benefits
for sickness presenteeism and health-related productivity loss among a general population of office workers and
sickness absenteeism for office workers with neck pain in the longer-term.

Key terms absenteeism; efficiency; neck pain; musculoskeletal disease; occupational health.

The annual prevalence of neck pain among office work- Employers of office workers have a legal responsibility,
ers in Australia has been reported to be as high as 82% and a vested interest, to minimize the potential negative
(1, 2). Neck pain is recurrent and chronic in nature (3) financial impact of neck pain. Thus, reducing the finan-
and a leading cause of disease burden in Australia (4). cial impact of health-related productivity loss among
Importantly for employers, neck pain is associated with office workers will likely be a worthwhile business
diminished productivity among office workers (5, 6). consideration for employers.
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Workplace health promotion has shown encourag-
ing effects on worker health-related productivity (7, 8).
The scope of workplace health promotion interventions
is broad, encompassing the physical and psychosocial
aspects of the individual worker and the workplace.
Management of workplace ergonomics can optimize an
asymptomatic office worker’s environment with positive
productivity results (9). However, ergonomic interven-
tions, like rest breaks or equipment modifications, for
office workers with pain demonstrated no clear produc-
tivity benefit (10). Similarly, the evidence for workplace
exercises to improve physical capacity is mixed, with
strong evidence for reducing neck pain but not for
productivity gains (11, 12). Nevertheless, combination
interventions like educational strategies with workplace
modifications can reduce sickness absenteeism in work-
ers with neck pain (13). Hence, there is a need for more
evidence of productivity impact to facilitate employer
decision-making processes regarding implementation of
workplace health interventions for office workers.

Providing ergonomic solutions to manage and pre-
vent work-related health concerns is current industry
best practice in Australia (14). A combination of work-
place ergonomics and neck-specific exercise training
(EET) to improve health-related productivity among
office workers has not been studied. This combination
may potentially lead to productivity benefit as the work-
place and physical ability of the office worker are both
optimized. The main aim of this study is to compare
productivity outcomes of EET versus ergonomics and
health promotion information (EHP) in a general popu-
lation of office workers with or without neck pain using
a cluster-randomized trial. Three productivity outcomes
of the monetary value of health-related productivity loss,
sickness absenteeism, and sickness presenteeism were
considered. The second aim was to investigate if the
two combinations tested had immediate (12 weeks) and
longer-term benefits (12 months) for individual partici-
pants. The third aim was to determine the effects of the
interventions specifically for individual office workers
with neck pain at baseline. We hypothesized the EET
would be more effective than the EHP intervention in
improving health-related productivity outcomes among
individual office workers in the short and longer-term
with greater effects for those with neck pain at baseline.

Methods

Design

A prospective one-year parallel two-armed balanced
cluster-randomized trial (ACTRN12612001154897)
approved by the Human Ethics Unit of the University
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of Queensland (2012001318) was conducted from May
2013 to July 2016

The protocol has been published (15) and recom-
mendations from the CONSORT extension for cluster
trials were observed for reporting (16). Monetary values
were reported in 2015 Australian dollars (AUS).

Recruitment and participants

Public and private organizations employing office work-
ers in Queensland, Australia, were targeted and enrolled
sequentially (15). The trial was presented as a gen-
eral health improvement initiative. Internal emails and
information sessions were used for recruitment. Office
workers >18 years, working >30 hours weekly, with-
out specific medical conditions and contraindications
to exercise were eligible (15). Participants provided
informed consent.

Clustering and cluster-randomization

Participants were clustered by building, floor, or work
unit in descending order until optimal cluster size (5-8)
was reached, to allow sufficient supervision and facili-
tation for the EET. Larger clusters were created for
open-planned offices. Clustering allows homogeneity
within- and heterogeneity between-clusters, reduces
contamination (17-19), and is a realistic implementation
of workplace interventions. An even number of clusters
were created within each organization.

A blinded statistician assigned clusters to either
intervention using a randomly generated number
sequence (sets of four). Participants were notified of
their assignment after completion of baseline assess-
ments and shortly before interventions commenced. This
was repeated at each organization.

Outcome measures

An online survey was used to collect participant-
reported information.

Primary outcome

Self-reported health-related productivity loss was mea-
sured at baseline, 12 weeks, 6, 9, and 12 months using
the World Health Organization’s Health and Work Per-
formance Questionnaire (HPQ), and hereafter referred
to as productivity loss. This paper reports data from
the main follow-ups of baseline, 12-weeks (post-inter-
vention) and 12-months. Good agreement with work
performance measures from an employer’s perspective
has been reported for this scale (20, 21).

Monetized productivity loss was calculated using
absenteeism and presenteeism sections in the HPQ
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using an employer’s perspective. Whole and part (0.5)
work days missed due to personal health reasons in the
last 28 days were totaled and represented absenteeism
[Abs(days)]. Self-reported performance [0 (worst) to
10 (best)] in the past 28 days was subtracted from 10 to
represent presenteeism. Work days missed attributable
to presenteeism [Pres(days)] was tabulated by convert-
ing presenteeism levels to a percentage [Pres(%)], and
computing:

Pres(days) = Pres(%) x [20-Vacation(days) - Abs(days)]

Lastly, monetized productivity loss was estimated,
using:

Productivity loss($) = [Abs(days) + Pres(days)] x Daily
income

Neck pain

Neck pain in the preceding week was determined using
a body diagram and a scale from 0 (no pain) to 9 (worst
symptoms). Participants who scored >3 at baseline were
defined as having neck pain.

Other measures

Information of gender, age, body mass index, medi-
cal conditions, annual income, office worker category
type (1), daily work-related computer use duration, and
job satisfaction [levels 1 (lowest) to 7 (highest)] were
obtained at baseline. Organization information (industry
sector and size) was recorded.

Interventions

Interventions occurred during work time. All partici-
pants received a workstation ergonomics assessment by
a blinded physiotherapist or occupational therapist. An
observational checklist with moderate to good reliabil-
ity was used (22). Based on these findings, participants
received an individualized best-practice ergonomic
intervention (10, 14, 23, 24).

Workplace ergonomics and neck-specific exercise training

EET participants additionally received an individualized
progressive neck-specific exercise program using resis-
tance bands and weights for 12 weeks (15). Participants
exercised at work in groups for 20 minutes, three times
weekly. Two sessions in the first week were supervised
by a physiotherapist to allow time for explanation, dem-
onstration and practice of exercises. Subsequently, one
weekly session was supervised. The physiotherapist
documented attendance at supervised sessions and par-
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ticipants logged their attendance at unsupervised sessions
in an exercise diary. Equipment to continue the regime
independently was provided when the program ended.

Workplace ergonomics and health promotion information

EHP participants additionally received a weekly series
of health promotion seminars (appendix 1, www.sjweh.
fi/show_abstract.php?abstract_id=3760), conducted by
a health professional, each lasting an hour for 12 weeks
to ensure parity of intervention time across groups. Spe-
cific information regarding exercise was not included.
Attendance was recorded by the health professional.

Intervention delivery

Participants could attend sessions for another cluster of
the same intervention if they were unable to attend their
scheduled session.

Power calculation

Sample size was calculated using an employer’s per-
spective. Productivity loss reductions needed to be at
least AU$896.80 for employers to break-even from
costs of employee wages for participation during work
hours. Based on an intra-class correlation of 0.02, a
mean cluster size of six, and a loss of 10% at follow-up,
640 participants were needed. Before recruitment ended,
the sample was inflated to 720 because of higher attri-
tion at 25%, due to more than expected organizational
restructuring.

Statistical analysis

All statistical analysis was conducted with Stata version
14 (Stata Corporation, College Station, TX, USA). Inten-
tion-to-treat (ITT) analysis was conducted. Baseline char-
acteristics were analyzed for individual-based differences
between groups using 2-sample t-tests for continuous
variables, and y? statistics for categorical variables. Vari-
ables with individual-based differences between groups
were considered for potential model adjustments. Other
model adjustments included were baseline productivity
levels, age, gender, baseline neck pain, an intervention-
time interaction, and intervention adherence.
Mixed-effects hierarchical models were constructed
using three different outcome variables; monetized pro-
ductivity loss, absenteeism, and presenteeism. These
were used due to the longitudinal design of the study
and to accommodate missing data points, which occur
frequently in longitudinal studies (25). In addition,
mixed-effects models also contain fixed and random
effects, appropriate for the design of this study as the
recruitment strategy was based on organizations and



randomization based on clusters. Hierarchical or mul-
tilevel models accounted for the nesting of individual
participants within randomization clusters for interven-
tion assignment and employment organizations (26).
Three levels of nesting were used. The lowest level was
the individual, followed by the randomization cluster for
intervention assignment, with the highest level being the
employment organization. Nesting levels were specified
as random effects in the modeling and intervention group
specified as a fixed effect and viewed as an explanatory
variable. Different models were performed depending
on the nature of the productivity outcome being inves-
tigated as the dependent variable. Specifically, for the
monetized value of productivity loss — multilevel mixed
effects generalized linear model (meglm; gamma-family
and log-link), for absenteeism — multilevel mixed effects
poisson regression (mepoisson), for presenteeism —
multilevel mixed effects ordinal regression (meologit).

Post-hoc pairwise comparisons were conducted
to determine between- and within-group differences
at 12-week and 12-month follow-ups. The following
equation illustrates the multilevel mixed effects pois-
son regression modeling performed for absenteeism as
an example.

Abs(days) = Constant + B, Intervention assignment

+ B, Abs (days at baseline) + ; Neck pain (at baseline)
+ B, Age + Bs Gender + p, Individual + p, Cluster
+ py Organisation + ¢

Variables included in models were examined for mul-
ticollinearity using variance inflation factor (VIF). Col-
linearity was deemed to be an issue if VIF >10 (27, 28).

Table 1. Baseline characteristics of participants by intervention group.
Note: Not all numbers reported correspond to group totals because of
missing data.

Characteristic EET (N=381) EHP (N=382)
N (%) N (%)
Gender (female) 222(58.3) 230(60.2)
Occupation category
Manager / senior official 67(17.6) 75(19.6)
Professional 111(29.7) 113(29.6)
Associate professional / technical 38(10.0) 41(10.7)
Occupation
Administrative / secretarial 115(30.2) 118(30.9)
Occupation
Personal service 12(3.1) 7(1.8)
Others 25(6.6) 19(5.0)
Number of medical conditions
reported (count)
0 227(59.6) 199(52.1)
1 99(26.0) 107 (28.0)
2 28(7.3) 45(11.8)
3 12(3.1) 15(3.9)
>4 2(0.5) 7(1.8)
Neck case status 91(24.8) 109 (29.2)
Time using computer at work
<6 hours/ day 67(9.1) 57(7.7)
>6 hours / day 301(40.5) 316(42.7)

Pereira et al

Results

Organizations, participants and participation

Figure 1 depicts trial events and participant numbers
at each stage. Of 21 organizations approached, 14
were enrolled (5 private and 9 public). A total of 4029
employees were emailed an invitation to participate.
When eligibility was unclear, members of the research
team discussed and reached consensus. Finally, 763
participants were recruited and assigned to either arm.
Participants’ characteristics were determined to be simi-
lar to eligible employees using information provided by
the organization (gender, age, income, and location).

The mean ages of EET and EHP participants were
42.4 [standard deviation (SD) 11.1] and 43.0 (SD 10.3)
years, respectively. The average incomes of both groups
(EET: AU$90 227; SD 43 300 and EHP: AUS$89 286; SD
33 570) were higher than the Australian average annual
income of $53 045 (29). Individual baseline job satis-
faction levels were similar between-groups at baseline
(EET: 4.98, SD 1.14 and EHP: 4.88, SD 1.10). There
were no individual-based differences between groups
for other baseline characteristics (table 1).

Fifty clusters were formed for each intervention group
(appendix 2, www.sjweh.fi/show_abstract.php?abstract
id=3760). Mean cluster size was 8.4 for the EET group
and 8.5 for the EHP group, without between-group dif-
ferences. Appendix 2 details organization size, sector,
participant incomes, recruitment rates, number of clusters,
participant numbers and cluster sizes for each organi-
zation. Mean income was higher in the private sector
(private: AUS101 708; SD 59 635 versus public: AUS80
726; SD 20 692; P-value<0.001). Only one organization
achieved high recruitment at 77.8% (30).

Adherence

Self-reported adherence at unsupervised exercise ses-
sions was recorded in an exercise diary of which 270
were returned. For EET participants who did not submit
diaries, their adherence at unsupervised sessions was
predicted based on their adherence at supervised ses-
sions and applying the relationship between supervised
(recorded by physiotherapist) and unsupervised adher-
ence data for those who submitted diaries. Adherence
(including predicted adherence for those who did not
return diaries) at all sessions conducted as a percentage
of 100 represented adherence. There were no between-
group differences in adherence (appendix 2).

Attrition

Post-intervention productivity data was provided by
76.4% of participants (N=583) who had higher baseline
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Enroliment &

Invited to Participate (n=4029)

Screening

|

Started registration process (n=1152)

Excluded (n=239)

Not meeting inclusion criteria (n=58)

Incomplete response (n=181)

Assessed for eligibility (n=913)

Decl.

ared eligible after initial
screening (n=795)

Excluded (n=32)

Discontinued (n=11)

Change of employer (n=2)
Excessive work demands (n=>5)

Unrelated illness/injury (n=1)
Other (n=2)

Randomized (n=763)

Withdrew consent (n=1)
Not meeting criteria (n=21)

EHP

EET

Allocation

Allocated to EHP intervention (50 clusters; n=382)
Received allocated intervention (n=373)
Did not receive allocated intervention (n=9)
Not meeting criteria (n=2)
Change of employer (n=2)
Excessive work demands (n=2)
Other (n=2)
Withdrew consent (n=1)

Follow-Up

12 weeks

Excluded—did not meet criteria (n=118)
Medical criteria (n=42)
Planned leave (n=8)
Work location (n=30)
Active compensation claim (n=2)
Temporary contract (n=2)
Other (n=34)

Allocated to EET intervention (50 clusters; n=381)
Received allocated intervention (n=367)
Did not receive allocated intervention (n=14)
Not meeting criteria (n=4)
Change of employer (n=2)
Excessive work demands (n=3)
Other (n=5)

Incomplete data
Week 12 survey completed (n=303)
Still enrolled, no data provided (n=15)
Lost to follow-up: Discontinued control (n=26)
Change of employer (n=11)
Excessive work demands (n=13)
Not provided (n=2)

Incomplete data
Week 12 survey completed (n=280)
Still enrolled, no data provided (n=24)
Lost to follow-up: Discontinued intervention (n=33)
Change of employer (n=15)
Excessive work demands (n=3)
Not provided (n=2)
Other (n=12)
Withdrew consent (n=1)

Follow-Up

12 months

Incomplete data
12 month survey completed (n=206)
Still enrolled, no data provided (n=52)
Lost to follow-up: Discontinued control (n=43)
Change of employer (n=35)
Excessive work demands (n=2)
Not provided (n=4)
Other (n=2)

Figure 1. CONSORT flowchart of participants.

46

Incomplete data
12 month survey completed (n=172)
Still enrolled, no data provided (n=60)
Lost to follow-up: Discontinued intervention (n=38)
Change of employer (n=25)
Excessive work demands (n=4)
Not provided (n=5)
Other (n=3)
Withdrew consent (n=1)
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job satisfaction compared to those who did not provide
data. At 12-month follow-up, 49.5% of participants pro-
vided productivity information (N=378). Of those who
did not provide the 12-month productivity data, 15.6%
had a change of employer (N=60). Participants who pro-
vided data at 12-month follow-up were older, had more
medical conditions, and higher baseline job satisfaction
compared to those who did not. Multiple imputations of
missing data were not performed because outcome data
was not missing at random.

Productivity results for office workers general population

Table 2 states unadjusted means of productivity out-
comes and modelling results. Diagnostic tests did not
indicate multicollinearity issues in modeling analysis.

Monetized value of productivity loss

Monetized productivity loss was not different between-
groups at baseline and 12 weeks (figure 2). The EET com-
pared to the EHP group had lower monetized productivity
loss at 12 months of $276 (95% CI -474— -42). Monetized
productivity loss increased at 12-weeks by $268 (95% CI
64-501) for the EET group and by $281 (95% CI 70— 520)
for the EHP group, with respect to baseline. At 12-months,

Pereira et al

the EHP group demonstrated an increase in productivity
loss of $436 (95% CI 182-731), compared to baseline.

Absenteeism

In this model, baseline neck pain was positively associ-
ated with absenteeism (coefficient=0.345; 95% CI1 0.130
—0.561). No between-group differences in absenteeism
were detected. There were within-group increases of
absences at 12 weeks of 0.264 days (95% CI 0.077-
.452) and 0.202 days (95% CI 0.014-0.389), com-
pared to baseline for EET and EHP intervention groups,
respectively. Similarly at 12 months, both EET and EHP
groups had increases in absences compared to baseline
by 0.223 days (95% CI 0.004-0.443) and 0.472 days
(95% CI 0.266—-0.678), respectively.

Presenteeism

At baseline and 12-weeks, presenteeism levels were
not different between-groups. In comparison to the
EHP group, the EET group reported lower levels of
presenteeism at 12-month follow-up by 0.563 (95% CI
-0.973—-0.154). In addition, there were no within-group
differences at 12-week and 12-month follow-ups com-
pared to baseline for both groups.

Table 2. Unadjusted means [standard deviation (SD)] of monetized productivity loss, absenteeism, presenteeism in the last 28 days, and results of
within-and between- groups comparisons by follow-up time-points. Models adjusted for baseline levels of dependent variable, age, gender, baseline
neck pain (except models for participants with neck pain), intervention-time interaction, and intervention adherence. Only coefficients of inter-
vention effects are presented. [EET=workplace ergonomics & neck-specific exercise training; EHP=ergonomics & health promotion information.]

Outcome Observations EET EHP Model results
Between-group Within-group comparisons
comparisons (reference = baseline)
(reference = EET) EET P
Unadjusted Unadjusted Contrast size (95% Cl) Contrast size (95% Cl)  Contrast size (95% Cl)
means (SD) means (SD)
Monetized product- 1653

ivity loss (SAUD)

Baseline $1,393($1,029) $1,463 ($941) -$70(-228-109)
12 weeks $1,462($1,166) $1,524($1,074) -$73(-256-139) $268 (64-501)° $282 (70-520)®
12 months $1,464($1,318) $1,563($1,039) -$276 (-474--42)° $171(47-425) $436(182-731)®
Absenteeism (days) 1711
Baseline 0.6(1.4) 0.6(1.2) 0.046 (-0.199-0.291)
12 weeks 0.8(1.9) 0.8(2.0) 0.109 (-0.140-0.358) 0.264(0.077-0.452)®*  0.202(0.014-0.389)*
12 months 0.8(2.0) 0.9(2.0 -0.203(-0.487-0.081) 0.223(0.004-0.443)*  0.472(0.266-0.678)"
Presenteeism 1702
(0-10score)
Baseline 2.1(1.3) 2.3(1.3) -0.118(-0.368-0.133)
12 weeks 2.1(1.2) 2.3(1.3) -0.147(-0.479-0.184) 0.006 (-0.294-0.306) 0.035(-0.254-0.324)
12 months 2.0(1.2) 2.4(1.4) -0.563(-0.973-0.154) -0.208(-0.561-0.145) 0.237(-0.091-0.566)
Absenteeism for 460
office workers with
neck pain (days)
Baseline 0.6(0.9) 0.8(1.0) -0.111(-0.569-0.346)
12 weeks 1.2(2.2) 1.0(2.3) 0.246(-0.192-0.685) 0.650(0.293-1.007)® 0.291(-0.012-0.596)
12 months 0.7(1.0) 1.4(3.1) -0.696 (-1.237-0.155) 0.158(-0.308-0.623)  0.742(0.405-1.080)"°
2P<0.05.
®P<0.01.

Scand J Work Environ Health 2019, vol 45, no 1 47



Workplace interventions for health-related productivity in office workers

Productivity results for office workers with neck pain

For office workers with neck pain, there were no
between-group differences at baseline and 12 weeks for
absenteeism, but EET participants had lower absentee-
ism at 12 months compared to EHP participants by 0.696
days (95% CI -1.237—-0.155). There were within-group
increases in absenteeism at 12-week follow-up for the
EET group of 0.650 days (95% CI 0.293-1.007) and at
12-month follow-up for the EHP group of 0.742 days
(95% CI1 0.405-1.080), relative to baseline. No between-
or within-group differences were found for presenteeism
and monetized productivity loss among participants with
neck pain at all follow-ups.

Adverse events

Early in the study, two participants reported resistance
band failure, resulting in a change from latex resistance
bands to tubing from the same manufacturer (Ther-
aband®). Two particpants reported musculoskeletal
symptoms. One of these incidents was due to the exer-
cise program, and the other, muscle function testing for
individualization of training load. Following follow-up
with a physiotherapist and subsequent modification of
exercises until symptom resolution, these participants
continued participation without issue.

1600

Discussion

The EET demonstrated productivity benefits in several
ways. The monetized value of productivity loss was
lower for the EET group compared to their EHP counter-
parts at 12 months. This was primarily driven by lower
presenteeism observed in the EET group. Additionally
for those with neck pain, EET participants had higher
levels of absenteeism post-intervention compared to
baseline, but lower absenteeism at 12 months compared
to EHP group participants. Hence, worker productivity
loss management through a combination workplace
ergonomics and neck-specific exercise training for office
workers is a sound financial investment and business
strategy with longer-term gains. Our hypothesis that
EET can benefit office worker productivity, a tangible
outcome valued by employers, when compared to EHP
is supported by these findings.

This study is unique compared to previous related
studies. Blangsted and colleagues (12) reported that a
12-month workplace neck and shoulder resistance exer-
cise training for office workers did not benefit absentee-
ism and work ability post-intervention and Justesen and
colleagues (31) found that a one-year workplace individ-
ualized physical exercise training of adequate adherence
combined with sufficient leisure-time physical activity

T+ 5
" Tt 1563
1542
%
$ Australian
Dollars T —e
- 1463 1462 1464
—o—EET
*Significant between-
i group difference at p<0.05
EHP
1393 Tt Significant within-
group difference at p<0.01
1350
Baseline 12 weeks 12 months

Figure 2. Monetized productivity loss among general office workers in the past 28 days by intervention group over time.
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improved absenteeism and presenteeism. The key dif-
ferences between these studies and this present one are
the duration and nature of the intervention. This study
implemented a shorter intervention of 12 weeks, with
continuance of the regime facilitated through distribu-
tion of equipment for independent activity. Secondly,
both post-intervention and longer-term impact from the
interventions was investigated as the study’s secondary
objective. This is in contrast with related studies that
focused on evaluating immediate impacts (12, 31). Con-
sidering the recommended 10-week minimum for effec-
tive workplace exercise interventions for neck, shoulder,
and low-back pain (32), an employer is more likely to
view a 12-week program as more cost-effective than a
12-month intervention. The last and potentially most
significant difference is the innovative combination of
workplace ergonomics and neck-specific exercise train-
ing in this study. This echoes the recommendation of
Pereira et al (33) that workplace interventions for worker
productivity augmentation need to be multidimensional
involving exercise and other components, for example
workplace ergonomics as in this study.

There were some unexpected findings arising from
this study. Firstly, positive productivity results were only
demonstrated between-groups at 12-months. This is pos-
sibly because of the HPQ’s 28-day recall, resulting in
the reporting of productivity levels post-intervention not
reflecting the maximum benefit of the EET. Secondly,
the general population of office workers had higher
levels of absenteeism at 12-weeks when compared to
baseline regardless of intervention group. This result
may be a reflection of confounding factors that were
not accounted for. For example, unmeasured socio-
economic differences (34) and the impact of seasonal
variation as intervention delivery scheduling coincided
with the flu season in Australia. Additionally, for those
with neck pain, the EET intervention was associated
with an intermediate worsening of absenteeism levels
(0.650 days compared to baseline). This negative result
did not persist at 12 months for those with neck pain
in the EET group. Although, the positive influence on
presenteeism from the EET intervention in the general
population of office workers can potentially offset this
result as the cost of absenteeism is a minor component
of productivity loss in office workers, when compared
to presenteeism (35). Nevertheless, our hypothesis was
partially supported in that EET decreases absenteeism
in the longer-term for office workers with neck pain
compared to the EHP group.

Strengths

This study had several strengths in its design, imple-
mentation, analysis, and generalizability. A key design
strength was that it was powered using productivity

Pereira et al

measures that are important interests for the employer
as primary outcomes. This contrasts with several previ-
ously published studies (12, 36) which may explain the
positive findings found. Using an employer’s perspec-
tive is essential to ensure direct relevance to a crucial
stakeholder of such workplace interventions. Addition-
ally, the use of the HPQ to estimate productivity levels
and enabled both absenteeism and presenteeism to be
estimated. Previous studies have used single-item ques-
tion (36, 37) or measures designed for symptomatic
populations (38, 39), which may have contributed to a
lack of productivity benefit.

The EET intervention was designed for the office
worker population based on best available evidence for
the prevention and treatment of neck pain at the work-
place (10, 11, 23). It addressed the physical require-
ments of office work and was matched to the individual’s
capabilities (40). Also, the interventions delivered in
this study are effective, feasible and sustainable, and
have potential for immediate application, which should
encourage employers to implement similar programs.
Lastly, the results were based on individually obtained
data from public and private enterprises and derived
from analysis of individual results accounting for the
clustering of participants and intervention adherence,
as opposed to aggregated clustered data.

The results from this study may be generalizable
to office workers with and without neck pain in other
settings due to the following reasons. First, participat-
ing companies ranged in manpower size from <1000 to
>10 000 employees and were from both the private and
public industry sectors. Second, the trial was presented
as a general health improvement initiative to prevent
participant response bias favoring those with specific
health conditions. Third, asymptomatic participants
were considered in this study. Fourth, data of mean age,
gender distribution and prevalence of neck pain in the
last week obtained in this study were comparable to fig-
ures from a previous survey of 934 complete responses
from 8000 public service employees in office-based
work throughout public service in Australia (1).

Limitations

The study had some limitations. The follow-up rate at
12-months was lower than expected at 49.5%. However,
discontinuation and incomplete information, and char-
acteristics of participants who did not provide follow-up
data were provided to minimize bias. It is also possible,
that differing participation motivation contributed to
results but this was not assessed. However, this is a
limitation that all research studies in various settings will
experience. Secondly, the human capital approach was
used to quantify the monetary value of productivity loss,
which can be an overestimation compared to the friction
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cost approach (41). Due to the 28-day recall period in the
HPQ, this overestimation is likely to be small. Thirdly,
the usage of the employer’s perspective does not account
for participants making up for missed work days with
overtime on other days, which could have potentially
biased absenteeism findings to higher levels. Another
study limitation concerns the presenteeism measure used,
which is not health-specific and is a general view of
reduced at-work performance. This means that the results
obtained may potentially overestimate actual presentee-
ism (42). Nevertheless, as the results were based on
repeated measures from the same individual, this potential
bias is minimized. Finally, the findings from this study
are derived from self-reported measures. However, the
office worker population with a heterogeneous mix of job
positions with varying cognitive work demands does not
have validated objective measures of worker productiv-
ity. Thus, despite self-rated measures oftentimes being
disputed for accuracy, the choice of the HPQ was fitting
due to considerations discussed earlier.

Direction for future research

The actual economic value of the EET intervention in
settings where office workers do not routinely receive
workplace ergonomics support could be verified using
"usual practice" in such settings for comparision. Thus,
future studies should have a true control rather than
an active comparator like the EHP tested in this study.
Moreover, the additive value of the neck-specific exer-
cise training should be evaluated in future by comparing
the neck-specific exercise training to best practice ergo-
nomic standards at other workplaces in Australia. These
suggestions can provide clarity on the actual benefit of
the combined workplace ergonomics and neck-specific
exercise training and the exact impact from the exercise
component.

Concluding remarks

This study provides evidence of possible productivity
benefits in a general population of office workers and
those with neck pain from a combination workplace
intervention of ergonomic management and neck-spe-
cific exercise training when compared to a combination
of ergonomics and health promotion information in the
study context. Hence, employers of office workers in
Australia can implement a similar exercise interven-
tion to potentially improve the employee productivity,
whereas employers in other jurisdictions may need to
implement the combined workplace ergonomics and
neck-specific exercise training to achieve similar results.

50 Scand J Work Environ Health 2079, vol 45, no 1

Acknowledgements

The National Health and Medical Research Council
(NHMRC) of Australia under Grant #12609000051246
supported this work. Michelle Pereira was supported
by an Australian Postgraduate Award. Leon Straker was
supported by a NHMRC senior research fellowship
(#1019980).

The authors thank the participating organizations
for their support of this research study, Alyssa Welch
(Project Manager) and Jessica Larkin (Physiotherapist)
for their contributions to data collection and project
management, and Asad Khan for undertaking the cluster
randomisation process.

Venerina Johnston, Tracy Comans, Gisela Sjogaard,
Leon Straker, Markus Melloh, and Shaun O’leary for-
mulated the research question and outlined the research
design. Michelle Pereira and Xiaoqi Chen implemented
interventions and collected data. Michelle Pereira and
Tracy Comans analyzed the data. Michelle Pereira
reviewed the existing literature and drafted the manu-
script. All authors critically reviewed and revised the
manuscript. All authors read and approved the final
manuscript. The authors declare no competing interests.

References

1. Griffiths KL, Mackey MG, Adamson BJ. Behavioral
and psychophysiological responses to job demands and
association with musculoskeletal symptoms in computer
work. J Occup Rehabil 2011 Dec;21(4):482-92. http://
dx.doi.org/10.1007/s10926-010-9263-3.

2. Johnston V, Jimmieson NL, Souvlis T, Jull G. Interaction of
psychosocial risk factors explain increased neck problems
among female office workers. Pain 2007 Jun;129(3):311-20.
http://dx.doi.org/10.1016/j.pain.2006.10.017.

3. Coté P, Cassidy JD, Carroll LJ, Kristman V. The annual
incidence and course of neck pain in the general population:
apopulation-based cohort study. Pain 2004 Dec;112(3):267—
73. http://dx.doi.org/10.1016/j.pain.2004.09.004.

4. Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD,
Michaud C et al. Disability-adjusted life years (DALYs)
for 291 diseases and injuries in 21 regions, 1990-2010: a
systematic analysis for the Global Burden of Disease Study
2010. Lancet 2012 Dec;380(9859):2197-223. http://dx.doi.
org/10.1016/S0140-6736(12)61689-4

5. van den Heuvel SG, Ijmker S, Blatter BM, de Korte EM.
Loss of productivity due to neck/shoulder symptoms and
hand/arm symptoms: results from the PROMO-study.
J Occup Rehabil 2007 Sep;17(3):370-82. http://dx.doi.
org/10.1007/s10926-007-9095-y.

6. Hagberg M, Vilhemsson R, Tornqvist EW, Toomingas



10.

11.

12.

13.

14.

15.

16.

17.

A. Incidence of self-reported reduced productivity
owing to musculoskeletal symptoms: association with
workplace and individual factors among computer users.
Ergonomics 2007 Nov;50(11):1820-34. http://dx.doi.
org/10.1080/00140130701674539.

Cancelliere C, Cassidy JD, Ammendolia C, Cété P.
Are workplace health promotion programs effective at
improving presenteeism in workers? A systematic review
and best evidence synthesis of the literature. BMC Public
Health 2011 May;11:395. http://dx.doi.org/10.1186/1471-
2458-11-395.

Kuoppala J, Lamminpdd A, Husman P. Work health
promotion, job well-being, and sickness absences--a
systematic review and meta-analysis. J Occup Environ
Med 2008 Nov;50(11):1216-27. http://dx.doi.org/10.1097/
JOM.0b013e31818dbf92.

Laestadius JG, Ye J, Cai X, Ross S, Dimberg L, Klekner M.
The proactive approach--is it worthwhile? A prospective
controlled ergonomic intervention study in office workers.
J Occup Environ Med 2009 Oct;51(10):1116-24. http://
dx.doi.org/10.1097/JOM.0b013e3181bae19d.

Leyshon R, Chalova K, Gerson L, Savtchenko A,
Zakrzewski R, Howie A et al. Ergonomic interventions for
office workers with musculoskeletal disorders: a systematic
review. Work 2010;35(3):335-48.

Sihawong R, Janwantanakul P, Sitthipornvorakul E, Pensri
P. Exercise therapy for office workers with nonspecific
neck pain: a systematic review. J Manipulative Physiol
Ther 2011 Jan;34(1):62—71. http://dx.doi.org/10.1016/].
jmpt.2010.11.005.

Blangsted AK, Segaard K, Hansen EA, Hannerz H, Sjogaard
G. One-year randomized controlled trial with different
physical-activity programs to reduce musculoskeletal
symptoms in the neck and shoulders among office workers.
Scand J Work Environ Health 2008 Feb;34(1):55-65. http://
dx.doi.org/10.5271/sjweh.1192.

Aas RW, Tuntland H, Holte KA, Ree C, Lund T,
Marklund S et al. Workplace interventions for neck pain
in workers [Review]. Cochrane Database Syst Rev 2011
Apr;(4):CD008160.

Australian Government Comcare. Officewise: A guide to
health and safety in the office, A. Government, Editor. 2008.

Johnston V, O’Leary S, Comans T, Straker L, Melloh
M, Khan A et al. A workplace exercise versus health
promotion intervention to prevent and reduce the economic
and personal burden of non-specific neck pain in office
personnel: protocol of a cluster-randomised controlled
trial. J Physiother 2014 Dec;60(4):233. http://dx.doi.
org/10.1016/j.jphys.2014.08.007.

Campbell MK, Elbourne DR, Altman DG; CONSORT
group. CONSORT statement: extension to cluster
randomised trials. BMJ 2004 Mar;328(7441):702-8. http://
dx.doi.org/10.1136/bm;j.328.7441.702.

Hemming K, Girling AJ, Sitch AJ, Marsh J, Lilford RJ.
Sample size calculations for cluster randomised controlled

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Pereira et al

trials with a fixed number of clusters. BMC Med Res
Methodol 2011 Jun;11:102. http://dx.doi.org/10.1186/1471-
2288-11-102.

. Sedgwick P. Cluster randomised controlled trials: sample size

calculations. BMJ. 2013;346:12839.

. Torgerson DJ. Contamination in trials: is cluster

randomisation the answer? BMJ 2001 Feb;322(7282):355-7.
http://dx.doi.org/10.1136/bm;j.322.7282.355.

Kessler RC, Barber C, Beck A, Berglund P, Cleary PD,
McKenas D et al. The World Health Organization Health
and Work Performance Questionnaire (HPQ). J Occup
Environ Med 2003 Feb;45(2):156-74. http://dx.doi.
org/10.1097/01.jom.0000052967.43131.51.

Kessler RC, Ames M, Hymel PA, Loeppke R, McKenas DK,
Richling DE et al. Using the World Health Organization
Health and Work Performance Questionnaire (HPQ) to
evaluate the indirect workplace costs of illness. J Occup
Environ Med 2004 Jun;46(6 Suppl):S23-37. http://dx.doi.
0rg/10.1097/01.jom.0000126683.75201.c5.

Pereira MJ, Straker LM, Comans TA, Johnston V. Inter-
rater reliability of an observation-based ergonomics
assessment checklist for office workers. Ergonomics 2016
Dec;59(12):1606-12. http://dx.doi.org/10.1080/00140139.2
016.1157215.

Hoe VC, Urquhart DM, Kelsall HL, Sim MR. Ergonomic
design and training for preventing work-related
musculoskeletal disorders of the upper limb and neck
in adults [Review]. Cochrane Database Syst Rev 2012
Aug;(8):CD008570.

Kennedy CA, Amick BC 3rd, Dennerlein JT, Brewer S,
Catli S, Williams R et al. Systematic review of the role
of occupational health and safety interventions in the
prevention of upper extremity musculoskeletal symptoms,
signs, disorders, injuries, claims and lost time. J Occup
Rehabil 2010 Jun;20(2):127-62. http://dx.doi.org/10.1007/
$10926-009-9211-2.

Krueger C, Tian L. A comparison of the general
linear mixed model and repeated measures ANOVA
using a dataset with multiple missing data points.
Biol Res Nurs 2004 Oct;6(2):151-7. http://dx.doi.
org/10.1177/1099800404267682.

Rice N, Leyland A. Multilevel models: applications to health
data. J Health Serv Res Policy 1996 Jul;1(3):154-64. http://
dx.doi.org/10.1177/135581969600100307.

Pevalin DJ, Robson K. The Stata survival manual / Pevalin
and Robson. 2009, Maidenhead, Berkshire: Maidenhead,
Berkshire: Open University Press.

O’brien RM. A caution regarding rules of thumb for
variance inflation factors. Qual Quant 2007;41(5):673-90.
http://dx.doi.org/10.1007/s11135-006-9018-6.

Pink B. Household income and income distribution 2011 -
2012. 2013, Australian Bureau of Statistics: Canberra.

Ryde GC, Gilson ND, Burton NW, Brown WJ. Recruitment
rates in workplace physical activity interventions:
characteristics for success. Am J Health Promot 2013 May-
Jun;27(5):e101-12. http://dx.doi.org/10.4278/ajhp.120404-

Scand J Work Environ Health 2019, vol 45, no 1 51



Workplace interventions for health-related productivity in office workers

31

32.

33.

34.

35.

36.

52

LIT-187.

Justesen JB, Segaard K, Dalager T, Christensen JR, Sjogaard
G. The Effect of Intelligent Physical Exercise Training on
Sickness Presenteeism and Absenteeism Among Office
Workers. J Occup Environ Med 2017 Oct;59(10):942-8.
http://dx.doi.org/10.1097/JOM.0000000000001101.

Coury HJCG, Moreira RFC, Dias NB. Efetividade do
exercicio fisico em ambiente ocupacional para controle da
dor cervical, lombar ¢ do ombro: uma revisdo sistematica
Evaluation of the effectiveness of workplace exercise in
controlling neck, shoulder and low back pain: a systematic
review. Braz J Phys Ther 2009;13(6):461-79. http://dx.doi.
org/10.1590/S1413-35552009000600002.

Pereira MJ, Coombes BK, Comans TA, Johnston V. The
impact of onsite workplace health-enhancing physical
activity interventions on worker productivity: a systematic
review. Occup Environ Med 2015 Jun;72(6):401-12. http://
dx.doi.org/10.1136/0oemed-2014-102678.

Johansson G, Lundberg I. Components of the illness
flexibility model as explanations of socioeconomic
differences in sickness absence. Int J Health Serv
2009;39(1):123-38. http://dx.doi.org/10.2190/HS.39.1.1.

Pereira MJ, Johnston V, Straker LM, Sjegaard G, Melloh M,
O’Leary SP et al. An investigation of self-reported health-
related productivity losses in office workers and associations
with individual and work-related factors using an employer’s
perspective. ] Occup Environ Med 2017 Jul;59(7):e138-44.
http://dx.doi.org/10.1097/JOM.0000000000001043.

Jorgensen MB, Faber A, Hansen JV, Holtermann A,
Segaard K. Effects on musculoskeletal pain, work ability
and sickness absence in a l-year randomised controlled
trial among cleaners. BMC Public Health 2011 Nov;11:840.
http://dx.doi.org/10.1186/1471-2458-11-840.

Scand J Work Environ Health 2019, vol 45, no 1

37.

38.

39.

40.

41.

42.

Pedersen MT, Blangsted AK, Andersen LL, Jorgensen
MB, Hansen EA, Sjegaard G. The effect of worksite
physical activity intervention on physical capacity, health,
and productivity: a l-year randomized controlled trial. J
Occup Environ Med 2009 Jul;51(7):759-70. http://dx.doi.
0rg/10.1097/JOM.0b013e3181a8663a.

Puig-Ribera A, McKenna J, Gilson N, Brown WJ. Change
in work day step counts, wellbeing and job performance
in Catalan university employees: a randomised controlled
trial. Promot Educ 2008 Dec;15(4):11-6. http://dx.doi.
org/10.1177/1025382308097693.

Wolever RQ, Bobinet KJ, McCabe K, Mackenzie ER, Fekete
E, Kusnick CA et al. Effective and viable mind-body stress
reduction in the workplace: a randomized controlled trial. J
Occup Health Psychol 2012 Apr;17(2):246-58. http://dx.doi.
org/10.1037/a0027278.

Holtermann A, Jergensen MB, Gram B, Christensen JR,
Faber A, Overgaard K et al. Worksite interventions for
preventing physical deterioration among employees in
job-groups with high physical work demands: background,
design and conceptual model of FINALE. BMC Public
Health 2010 Mar;10(1):120. http://dx.doi.org/10.1186/1471-
2458-10-120.

Krol M, Brouwer W, Rutten F. Productivity costs in economic
evaluations: past, present, future. Pharmacoeconomics 2013
Jul;31(7):537-49. http://dx.doi.org/10.1007/s40273-013-
0056-3.

Beales D, Kyaw-Myint S, Smith A, O'Sullivan P, Pransky
G, Linton S et al. Work Productivity Loss in Young
Workers Is Substantial and Is Associated With Spinal
Pain and Mental Ill-health Conditions. J Occup Environ
Med 2017 Mar;59(3):237-45. http://dx.doi.org/10.1097/
JOM.0000000000000990..

Received for publication: 26 February 2018



