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Abstract

Background: Chronic work-related stress is quite prevalent in the working population and is in some cases
accompanied by long-term sick leave. These stress complaints highly impact employees and are costly due to lost
productivity and medical expenses. A new treatment platform with light therapy plus Pulsed Electro Magnetic Fields
(PEMF) in combination with coaching was used to assess whether more positive effects on return to work, stress, work-
related fatigue, and quality of life could be induced compared to coaching alone.

Methods: A placebo-controlled trial was executed after inclusion of 96 workers, aged 18–65 with work-related chronic
stress complaints and who were on sick leave (either part-time or full-time). Participants were divided into three arms
at random. Group 1 (n = 28) received the treatment and coaching (Intervention group), group 2 (n = 28) received the
treatment with the device turned off and coaching (Placebo group) and group 3 (n = 28) received coaching only
(Control group). The data were collected at baseline, and after 6, 12 and 24 weeks. The primary outcome was % return
to work, and secondary outcomes were work-related fatigue (emotional exhaustion and need for recovery after work),
stress (distress and hair cortisol), and quality of life (SF-36 dimensions: vitality, emotional role limitation, and social
functioning).

Results: Eighty-four workers completed all measurements, 28 in each group. All groups improved significantly over time
in the level of return to work, as well as on all secondary outcomes. No statistical differences between the three groups
were found either on the primary outcome or on any of the secondary outcomes.

Conclusions: Light therapy with Pulsed Electro Magnetic Fields PEMF therapy has no additional effect on return
to work, stress, fatigue, and quality of live compared to coaching alone.
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Background
Work-related chronic stress (burnout) can present itself
through the feeling of being very fatigued, accompanied
by decreased drive or motivation for carrying out activ-
ities related to work. This can lead to problems with
functioning [1]. Workers with burnout complaints are
known to have little energy to start new undertakings,
feel very tired and are no longer able to carry out their
daily work routines. [2]. Work-related chronic stress is a
growing problem for employees and employers and the
costs to society are significant [3]. One of the drivers of
these societal costs is sick leave. A Danish study showed
that 19% of a cohort of workers on sick leave due to
stress and burnout complaints did not return to work
within 40 weeks of sick leave [4].
Various professionals can be involved in the treatment of

work-related chronic stress problems in the Netherlands,
such as psychologists, occupational physicians, general
physicians, re-integration counsellors, and coaches. The
guidance advised by these professionals for employees with
these problems and associated sickness absence is mental
coaching, based on cognitive-behavioural and problem-
solving understandings [5]. The common goal of guidance
through coaching in these workers is to enhance the return
to work process. Nevertheless, work-related chronic stress
problems are still associated with long absences from work.
Roelen and colleagues [6] found a median duration of
109 days in this group. New innovative treatments may be
needed to further enhance return to work in workers with
chronic stress problems.
In people with burnout, light therapy showed a trend in

reducing the symptoms more compared to a waiting list
group [7]. However, this evidence stems from a rather
small-scale study. In people with mood disorder [8] and
pain [9] weak magnetic fields like Pulsed Electromagnetic
Fields (PEMFs) have been deployed with varying levels of
success in treatments. The combination of light therapy
and electromagnetic field therapy in the treatment unit
Xentix [10] might be seen as a supplementary treatment.
Light therapy is known to alleviate the sleep/wake rhythm,
and this may result in more vitality and less exhaustion.
Pulsed Electromagnetic Field therapy helps to stabilize the
metabolism, resulting in a better balance between the cell
and the intercellular spaces [11]. The mechanism of this
therapy is thought to be that: i. hormones and neurotrans-
mitters transmit chemical communication from one cell
type to another that moderate the metabolic reactions of
tissues to the environmental surroundings; ii. communica-
tion between these signalling structures is a potential
mechanism by which very low-energy electromagnetic
fields might increase metabolic activity in the human
body. Hormone and neurotransmitter receptors are spe-
cific protein molecules that use a diversity of biochemical
activities to pass chemical indicators from the external

space of a cell through the plasma membrane to the inner
space of the cell; iii. since many low-energy electromag-
netic fields have less energy to directly pass through the
membrane, it is likely that they may modify the existing
signal transduction routes in cell membranes, thus produ-
cing both transduction and biochemical extension of the
properties of the field itself [12]. However, the present un-
derstanding of what the physiological mechanisms of
PEMF might be is incomplete. As magnetic field therapy
in patients with fibromyalgia [13] showed a positive effect
on the level of emotional fatigue and light therapy has also
been found to have a positive effect on tiredness and qual-
ity of life in patients with winter depression (SAD: Sea-
sonal Affective Disorder) and the less severe form, winter
blues (Subsyndromal Seasonal Affective Disorder S-SAD)
[14, 15], we hypothesised that the combination therapy
could help reduce complaints in workers with chronic
stress-related problems. In addition, because in Multiple
Sclerosis (MS) patients experience a positive effect of light
therapy on tiredness [16, 17] and because magnetic field
therapy showed a positive influence on quality of life [18],
we believed that combining these therapies might also
positively influence the return to work process. However,
a prerequisite for considering the use of light and mag-
netic therapy to enhance return to work is that the effect
of these treatments would exceed the effects of coaching
alone. We therefore hypothesised that an approach in-
corporating coaching [19, 20] combined with light therapy
and pulsed electromagnetic field therapy in people with
work-related chronic stress symptoms contributes to an
earlier return to work compared to guidance with coach-
ing only. Additionally, we studied whether the interven-
tion with coaching and light therapy plus magnetic field
therapy would lead to a greater reduction in stress levels
and fatigue and to an improvement of quality of life com-
pared to coaching only.

Method
Design
This study used a randomized placebo-controlled trial
(RCT) design with three arms in subjects with work-
related chronic stress. The study design was described
by Schoutens et al. [21]. Participants were randomly al-
located to one of three groups: group 1 received light
therapy/electromagnetic field therapy and coaching
(Intervention group); group 2 received the same treat-
ment conditions but the light therapy/electromagnetic
field therapy was not activated (Placebo group); and
Group 3 received coaching only (Control group).

Participants
The total number of participants needed to be able to
show an effect size of 0.3 with a power of 0.8 was
N = 79. This number was based on a sample size
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calculation of the F-test of a MANOVA with repeated
measures (critical F = 2.16). Participants were recruited
through social media, newspapers, general practitioners
and through an occupational health service. To allow for
loss to follow-up, we included a total number of 96 em-
ployees (30 males/66 females, between 18 and 65 years
of age) from a southern region of the Netherlands. At
baseline, socio-demographic data such as age, gender
and job title were collected by the research assistants by
means of an interview. Participants had to experience
work-related chronic stress complaints and be absent
from work for at least 50% of their working contract
hours. They had to be diagnosed with neurasthenia
(symptoms 0–6 months) and able to speak Dutch. Exclu-
sion criteria were pregnancy, serious somatic problems
such as diabetes or epilepsy, serious ocular diseases, con-
fusion, or severe depressed mood, use of psychotropic
drugs other than selective serotonin reuptake inhibitors
SSRIs and pacemaker/neuro-stimulators. In case of a re-
ferral by a general or occupational health professional,
these inclusion criteria were checked by the professional.
In self-referred patients, eligibility was checked by self-
report questions. Subjects who met the inclusion criteria
were asked to participate in the study and to provide
written informed consent. The primary check of the in-
clusion criteria was conducted by the research assistant.
For all included participants, this was checked by the
coach in an intake meeting.

Setting
The study was conducted in a treatment centre in the
southern part of the Netherlands. This centre was built
and equipped specifically for this study. The centre of-
fered five treatment rooms where the treatment equip-
ment was set up, and two rooms for coaching sessions.
The device used in the study was a reclining chair with
an extended seat forming a leg rest (see Fig. 1). It formed
a comfortable treatment platform with a light therapy
unit mounted above the participant’s head. The electro-
magnetic coils were situated in the pillow and bed.

Procedure
The procedure is described below as was done in the
design study of Schoutens et al. [21]. Randomization
took place as soon as the participant met the inclu-
sion criteria, gave written informed consent, and filled
in the baseline measurements. Preliminary numbers
were assigned to the three groups of equal size in the
study. Participants random received a number from
an assistant who was not involved in the actual mea-
surements. All numbers were written on the measur-
ing instruments. With this number, the participants
were allocated to one of the three groups. During the
treatment, the participants from the Intervention and

Placebo groups lay down on the bed of the treatment
platform. Their eyes were closed so that the light
reached the retina through their eyelids. In the case
of high photosensitivity of the participant, dark gog-
gles could be worn. Participants came to the research
centre and were treated for 12 weeks, twice a week
for 40 min on the treatment platform with light ther-
apy/magnetic field therapy (Intervention group). The
Placebo group received the same treatment condition
but the light and magnetic field were switched off
(Placebo group). Only a non-effective, small dose of
coherent/incoherent light >5 lx was used to give the
impression that the equipment was running. The
Control group did not lie down on the bed but re-
ceived coaching only (Control group), also for 50 min
once a fortnight during a 12-week period. The coach-
ing that all participants received was regular guidance
during coaching sessions, provided by a certified
coach. Coaching was provided for 50 min every fort-
night during a 12-week period.

Measurements
Primary outcome

2.5.1.1.Return to work The primary outcome was the
percentage return to work: the number of their worked
hours per week at the end of the study compared to the
number of contract hours they had in the week prior to
the study (T0). Return to work was assessed at T0
(start), T2 (after 12 weeks) and T3 (after 24 weeks).
Scores ranged between 0 (no working hours) and 100
(the number of contract hours working).

Secondary outcomes
Fatigue was assessed using two scales. The first scale
assessed emotional exhaustion, a scale with five items
that is part of the Dutch UBOS G(eneral) [22]. The Ut-
recht Burnout Scale UBOS is the Dutch version of the
Maslach Burnout Inventory. The scale score ranged

Fig. 1 Xentix treatment platform
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between zero and six, with higher scores indicating more
emotional exhaustion.
The Need for Recovery after work scale of the Dutch

Experience and Evaluation of Work Questionnaire
(Dutch: VBBA, Meijman and Van Veldhoven, 1994) [23]
assessed work-related fatigue: the extent to which em-
ployees experience problems in recovery efforts from
work. The scale score was calculated by adding the indi-
vidual’s scores on the 11 items and transforming this
score into a scale score ranging from 0 (no need for
recovery) to 100 (maximum need for recovery).
Stress was measured using two instruments: first, the

distress scale of the Four-Dimensional Symptoms Ques-
tionnaire (4DSQ) [24] was used. The 16-item question-
naire uses a 5-point response scale (0 = no, 4 = very
often). Second, the accumulation of the stress level of an
individual was assessed by the stress hormone cortisol in
hair. Hair cortisol reflects the cumulative responses over
time of cortisol in the body [25]. Hair strands in the pos-
terior vertex region were cut as close as possible to the
scalp using iron scissors. Cortisol concentrations were
determined from two 1-cm strands from a 3-cm hair
segment that was cut. Based on an average hair growth
rate of 1 cm per month [26], we used two hair segments
to reflect the cortisol concentration at baseline (T0) and
the cortisol concentration in the month before T2.
Quality of life was measured using the Dutch version

of the SF-36 questionnaire [27]. We used three dimen-
sions from this questionnaire: vitality, emotional role
limitations, and social functioning. For each dimension,
the scale score was calculated, with scores between 0
(worst score) and 100 (best score).

Intervention
The principle of operation of the treatment platform
was, according to the manufacturer, as follows: the light
therapy unit consisted of a combination of coherent and
incoherent light. The coherent light was generated
through multiple high-performance light emitting diodes
(LEDs) with wavelengths of 470 nm (blue), 525 nm
(green) and 570 nm LED (yellow). The non-coherent
light was generated by means of an optically-centred
halogen lamp with a light output of +/− 9000 lm. The
maximum illuminance at the eye was +/− 6000 lx. The
light was directed by means of facetted and coated re-
flectors and then linearly polarized. Ultra Violet (UV)
and Infra-Red (IR) wavelengths were filtered out of the
spectrum.
The weak magnetic fields were generated in the device

using low voltage in multiple coils integrated and spread
over the sofa and in the pillow set. The magnetic fields
are wide-bands and the amplitude of the magnetic fields
is almost constant across the used frequency band. The
specific frequency band is in the ELF (extremely low

frequency, 0-30 Hz) and the ULF (ultra-low frequency,
30–30,000 Hz) range. The maximum magnetic flux
density B = 0,3 Wb/m2 = 0,3 T.
Coaching was performed using a standard guidance

protocol with person-directed interventions to reduce
burnout and to improve occupational mental health.
The guidance helps in identifying and solving the mental
problems the employee has. During coaching, three
stages of recovery were defined and followed: accepta-
tion and relaxation, employability, and support to return
to work. Intervention elements include cognitive skills
training and examining dysfunctional thoughts which
perpetuate the symptoms. In addition, psycho-education,
organisation-oriented interventions, conflict- and time
management and therapies that influence fatigue and
stress were deployed. Coaching was provided by quali-
fied professionals.

Statistical analysis
Descriptive statistics were presented as percentage, mean,
standard deviation (SD) and range for each group separ-
ately. Baseline differences between groups were tested
with independent sample T-tests for normally distributed
and Kruskal-Willis for non-normally distributed parame-
ters. Baseline differences in percentages were tested with a
Chi-Square test. To test for differences between the study
arms over time, for each outcome an analysis of variance
(GLM repeated measures) was planned. Each outcome
and their residuals when entered in GLM was checked for
normality. In the case of a clear skewed distribution, we
used a log transformation to normalize the data. In cases
where log transformations did not suffice, the effects were
tested using non-parametric tests. Friedman test was then
used to test differences over time for the group as a whole
and the Kruskal-Wallis test was used to compare the out-
comes of the groups at each of the time points. All ana-
lyses were conducted using the statistical package IBM
SPSS Statistics 23.

Ethics, consent and permissions
The study has been approved by the Medical Ethics As-
sessment Committee of the Academic Medical Center
(University of Amsterdam; Ref. METC 2014_260
#B2014922). Written informed consent was provided by
all participants prior to enrolment. There are no risks
associated with participating in the study due to the light
intensity being lower than daylight and not including
Ultra Violet or Infra Red wavelengths and the use of
weak electromagnetic fields. No restrictions to other
care of usual were in place for any study participant.

Results
A total of 84 out of the 96 included participants stayed
in the study and performed all measurements, 28 in all
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three groups. In Table 1, the demographics of these 84
participants are shown, per group. The checks of the
research assistant and the coach revealed that none of
the participants had any physical or psychiatric disor-
ders, for which psychotropic medication other than sero-
tonin reuptake inhibitors was needed. The mean age of
the participants was 43 (SD 8), 47 (SD 9.7), and 40 (8.9)
in the intervention, placebo, and control group respect-
ively.. About two-thirds of the participants were females
and participants worked between 0% to 63% of their
contract hours (median 0%).. The three groups did not
differ in the proportion of males and females in each
group nor did they differ in the percentage of working
hours at baseline. However, age was significantly differ-
ent across the three groups (p = 0.01).
The primary outcome return to work, and the second-

ary outcome Need for Recovery after work had to be
analysed non-parametrically as these outcomes showed a
highly skewed distribution. Log transformations did not
yield normally distributed outcomes. We therefore used
a Kruskal-Wallis to test for group differences at each
timepoint and a Friedman test for differences over time
for all groups combined. The secondary outcome hair
cortisol could be analysed with GLM after a log trans-
formation. For the secondary outcome measures of emo-
tional exhaustion, distress and quality of life, no
transformations were needed.
In Table 1, the descriptives at baseline are shown for

all outcomes per group. Table 2 presents the scores of
primary and secondary outcomes in three groups over
time. For the primary outcome, it shows that the per-
centage of working hours increased in all groups up to
about two-thirds of their contract hours on average. This
main effect over time was statistically significant. For the
secondary outcomes, we found that emotional exhaus-
tion complaints and stress complaints were on average
substantially and significantly decreased after treatment
compared to the start, in all groups (main effect over

time). The trends in cortisol concentrations were not
equal in all groups: the average cortisol level decreased
in the Placebo group but increased in both the Interven-
tion group and in the Control group. Work-related fa-
tigue levels did decrease significantly after treatment in
all groups – to about half the level it was when the study
started. For quality of life, we found a similar effect over
time – vitality levels increased as did social functioning,
and emotional role limitations decreased, also in all
groups and significantly.
In Table 2 it is also shown that our analysis of between-

groups effects over time did not confirm our hypothesis
that an approach incorporating coaching combined with
light therapy plus pulsed electromagnetic field therapy in
people with work-related chronic stress symptoms contrib-
utes to an earlier return to work compared to guidance
with coaching only. No significant between-groups effect
over time was found (p = 0.71). Also, our secondary hy-
pothesis could not be confirmed because we did not find
that the intervention with coaching and light therapy plus
magnetic field therapy led to more reduction in stress
levels and fatigue or to an improvement of quality of life
compared to coaching only: no significant between-groups
effects were found for fatigue, or for stress or quality of life.

Discussion
Contrary to our expectations, this study did not show
a positive effect of combining mental coaching with
light therapy plus pulsed electromagnetic field therapy
compared to mental coaching alone (with or without
placebo treatment) on return to work. On average,
workers had returned to two-thirds of their contract
hours. We also did not find that the combination of
coaching and light plus electromagnetic therapy had
positive effects on any of the secondary outcomes of
emotional exhaustion, work-related fatigue, vitality,
stress, hair cortisol, emotional role limitations and so-
cial functioning. These secondary outcomes all show

Table 1 Demographics: age, gender and percentage of working hours at work at baseline, per group

Mean(sd) Percentage (%) Median (IQR) p-value
of between-
groups test*

Age (years) Intervention (n = 28) 43 (8.0) 0.01

Placebo (n = 28) 47 (9.7)

Control (n = 28) 40 (8.9)

Gender (% women) Intervention (n = 28) 72 0.87

Placebo (n = 28) 69

Control (n = 28) 66

Work-hours RTW at baseline
(% of contract hours)

Intervention (n = 28) 7.3 (16.70) 0.0 (1.25) 0.17

Placebo (n = 28) 13.2 (20.44) 0.0 (24.31)

Control (n = 28) 6.9 (17.80) 0.0 (0.00)

*Independent sample T-test for age, Chi-square test for gender and Kruskal-Wallis for Work-hours RTW
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Table 2 Median (IQR) or mean (sd) scores of primary and secondary outcomes in three groups over time

Outcomes: Baseline Week 6 Week 12
(after treatment)

Week 24 p-value between groups
over time***

p-value within groups
over time

Primary outcome: Median (IQR)

% work-hours RTW (0–100)** Intervention 0.0 (1.25) – 22.5 (66.67) 94.7
(80.63)

0.92

Placebo 0.0
(24.31)

– 14.3 (64.50) 88.2
(58.54)

Control 0.0 (0.00) – 25.0 (52.50) 62.5
(72.31)

Total group 0.0 (4.06) 20.0 (60.56) 87.5
(70.94)

0.00

Secondary outcomes:

Emotional exhaustion* Intervention 4.9 (1.28) – 3.2 (1.46) 0.20

Placebo 5.2 (1.26) – 2.6 (1.30)

Control 5.3 (0.89) – 3.2 (1.63)

Total group 5.1 (1.16) 3.0 (1.47) 0.00

Work-related fatigue
(0–100)*Median (IQR)

Intervention 90.9
(27.27)

72.7 (50.0) 40.9 (59.09) – 0.70

Placebo 90.9
(15.91)

72.7
(43.18)

40.9 (52.27) –

Control 90.9
(9.09)

81.8 (50.0) 50.0 (68.18) –

Total group 90.9
(25.0)

81.8
(43.18)

45.5 (63.6) 0.00

Vitality (QoL) (0–100)** Intervention 31.7
(18.82)

44.3(18.60) 52.7 (21.32) – 0.20

Placebo 29.2
(17.80)

46.6(17.95) 63.2 (16.40) –

Control 27.8
(13.50)

40.5(16.26) 52.1(18.88) –

Total group 29.6
(16.76)

43.7
(17.59)

53.0 (19.43) 0.00

Stress (0–64)* Intervention 22.0
(7.47)

16.3(7.43) 12.0 (7.36) – 0.95

Placebo 21.9
(8.34)

14.1(8.20) 9.4 (7.41) –

Control 23.0
(8.01)

16.6(9.51) 13.1 (9.29) –

Total group 22.3
(7.88)

15.7 (8.40) 11.5 (8.12) 0.00

Cortisol (pg/mg) Intervention 32.2
(38.48)

– 39.1 (44.38) – 0.40

Placebo 38.8
(85.58)

– 30.1 (26.71) –

Control 20.5
(15.44)

– 30.0 (19.36) –

Total group 29.9
(52.60)

32.0 (31.09) 0.00

Emotional role limitation (QoL)
(0–100)**

Intervention 21.1
(28.34)

35.6
(37.72)

64.3 (32.62) – 0.96

Placebo 22.6
(27.74)

46.4
(39.90)

67.9 (33.31) –

Control 17.8
(17.78)

30.0
(36.46)

58.3 (39.15) –
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comparable improvements over time for all three groups,
with the exception of hair cortisol, where the Placebo
group seemed to change in the opposite direction of the
other two comparison groups, although these changes
were not significant.
A strength of the study was that despite its rigorous

RCT study design, the lack of strict diagnostic inclusion
criteria allowed for inclusion of the range of patients
with work-related chronic stress, contributing to the ex-
ternal validity of the results. Another feature contribut-
ing to the external validity of our findings was the
decision to include comparison groups with coaching ra-
ther than a no-treatment Control group. For the light
and magnetic field treatment to be useful in practice, its
results should exceed the results of usual care, which in
this case includes coaching.
While the results do not point to a positive effect

of the tested combination of light therapy plus Pulsed
Electromagnetic Field therapy, the implications of our
findings are not straightforward. One reason for this
is that the treatment platform encompassed two
working mechanisms – light therapy and pulsed elec-
tromagnetic field therapy. While we were unable to
replicate the positive findings of the two studies using
only one of these elements [7, 8], it is not clear
whether these two mechanisms may have negatively
influenced each other. Moreover, in hindsight, the
light intensity may have been insufficient and it is un-
clear whether the instructions using this platform to
the participants to close their eyes during the inter-
vention might have counteracted possible effects. As a
result, the light may not have been sufficiently able to
reach the expected areas in the brain. Further, as the
use of electromagnetic fields in the treatment of men-
tal health problems is newly emerging, knowledge on
the threshold for a therapeutic effect is actually still
lacking. In addition, the choice in the use of safe but
very low frequencies may not have been sufficiently
high to ensure therapeutic effects in workers with
chronic stress complaints.

Conclusion
Mental coaching with light therapy plus pulsed electro-
magnetic field therapy did not have a positive effect on
any of the outcomes, compared to mental coaching with
or without a placebo treatment. It can be concluded that
the light plus electromagnetic field therapy is advised
not to be implemented in (occupational) health care in
its current form. Future proof of concept studies should
be conducted with various settings for the magnetic field
therapy and with eyes open instructions for the light
therapy before testing their effects in further randomized
controlled trials.
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