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Long-term effects on symptoms by reducing electric fields from visual 
display units 
by Gunnhild Offedal, PhD, Asbjgrg Nyvang, RN,2 Bente E Moen, DrMed3 

Oftedal G, Nyvang A, Moen BE. Long-term effects on symptoms by reducing electric fields from visual display 
units. Scand J Work Environ Health 1999;25(5):415-421. 

Objectives The purpose of the study was to see whether the results of an earlier study [ie, that skin symptoms were 
reduced by reducing electric fields from visual display units (VDU)] could be reproduced or not. In addition, an 
attempt was made to determine whether eye symptoms and symptoms from the nervous system could be reduced 
by reducing VDU electric fields. 
Methods The study was designed as a controlled double-blind intervention. The electric fields were reduced by 
using electric-conducting screen filters. Fosty-two persons completed the study while working at their ordinay job, 
first 1 week with no filter, then 3 months with an inactive filter and then 3 months with an active filter (or in reverse 
order). The inactive filters were identical to the active ones, except that their ground cables were replaced by empty 
plastic insulation. The inactive filters did not reduce the fields from the VDU. The fields were significantly lower 
with active filters than with inactive filters. 
Results Most of the symptoms were statistically significantly less pronounced in the periods with the filters when 
compared with the period with no filter. This finding can be explained by visual effects and psychological effects. 
No statistically significant difference in symptom severeness was observed between the period with an inactive 
filter and the one with an active filter. 
C O ~ ~ C ~ U S ~ O ~ S  The study does not support the hypothesis that skin, eye, or nervous system symptoms can be 
reduced by reducing VDU electric fields. 

Key terms eye symptoms, low-frequency electric fields, nervous system symptoms, skin symptoms, visual 
properties. 

Some people who work with a visual display unit (VDU) 
experience health complaints that may be associated with 
exposure to electric and magnetic fields. The most com- 
mon are facial skin symptoms such as the sensation of 
burning, pricking, itching, stinging, and tightness. Symp- 
toms of the eyes and symptoms of the nervous system, 
like headaches, dizziness, tiredness, and stinging sensa- 
tions in  the body, have been reported. At least some of 
these symptoms may be  caused by, or aggravated also 
by, other factors in connection with VDU work. For in- 
stance, the visual properties may be important for eye 
symptoms. The possible association between exposure to 
electric and magnetic fields and such health symptoms 
are based on case reports (1-4). Some epidemiologic 

studies have shown a correlation between skin symptoms 
and work with a VDU (5-7). 

In a previous investigation (a), we studied the effect 
on skin symptoms by reducing electric fields from the 
VDU at the subjects' workstations. One group of symp- 
toms (tingling, pricking, or itching) was statistically sig- 
nificantly reduced by this interaction. The reduction, 
however, was small. The purpose of the current study was 
to see whether the results obtained in the first investiga- 
tion could be reproduced. In addition, we wanted to study 
the effects on eye symptoms and on symptoms from the 
nervous system (headaches, fatigue, dizziness, etc). Thus 
the hypothesis tested was that skin symptoms, eye symp- 
toms, and nervous system symptoms could be reduced 
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by reducing the static and low-frequency fields of the 
VDU. 

In order to increase the statistical power, we includ- 
ed more subjects than in the first study, and we increased 
the duration of the investigation period. 

Subjects and msihsds 

The study was designed as a controlled double-blind in- 
tervention study. Forty-two persons with relatively mild 
skin symptoms participated while working at their ordi- 
nary jobs. The electric fields from the VDU were reduced 
by mounting electric-conducting screen filters (Vu Pro 
Tek ND 53) in front of the VDU. Two kinds of filters 
were used, "active" and "inactive". The inactive filters 
were identical to the active ones, but their ground cables 
had been replaced by empty plastic insulation. Measure- 
ments performed in the laboratory (9) showed that the 
transmission of electric fields up to 1000 kHz was 2% or 
less for the active filters and 95-96% for the inactive fil- 
ters. It was not possible to determine visually that the 
inactive filters were not grounded. 

The study lasted for about 6 months. During the first 
week all the subjects worked with their VDU without 
using any filter. This week was followed by 3 months 
with an inactive filter and 3 months with an active filter, 
the order of use being determined by chance. The work- 
ers, and the research co-workers in contact with them, 
did not know which order was being used for each worlc- 
er. The subjects only knew that they would use 2 kinds 
of filters. 

During the investigation, there were 5 registration 
periods, each of them lasted for 5 days: the week when 
no filter was used, the fourth weelc with each filter, and 
the last weelc with each filter. 

The study was approved by the Regional Committee 
for Medical Research Ethics, and permission for a per- 
son register was given by the Norwegian Data Inspec- 
torate. 

Subjects 
Nine men and 33 women were selected for the study. 
They were between 24 and 62 years of age, the average 
being 41 years. They were selected on the basis of the 
results of a questionnaire distributed to companies and 
official institutions, a telephone interview with those 
screened by the questionnaire, and, finally, measurements 
of electric fields in front of the worker's VDU. The sub- 
jects should have had at least 1 facial skin symptom that 
had been reported in connection with VDU work (heat 
or burning sensation, stinging, tingling, prickling, itch- 
ing, sensation of tightness or dryness, redness or flush- 
ing), and the symptoms should have occurred in 

connection with VDU worlc and not or to a less degree 
with other conditions. We required that the filter reduce 
the extremely low-frequency (ELF) or the very low-fre- 
quency (VLF) electric fields at the person's worlcstation 
by 40% or more when measured 0.6 m in front of the 
VDU. No subject should have used screen filters before 
they entered the study. 

Individual registration periods with major changes 
influencing the electrical environment of the subject's 
workstation or the design of the study were excluded 
from the analysis. The resulting number of workers in- 
cluded for analysis for the registration period with no fil- 
ter was 35. Reasons for exclusions were change of VDU 
after this period (1 subject), use of lightening tube close 
to the VDU (5 subjects), use of a screen filter in this pe- 
riod (1 subject). All the subjects (N=42) were included 
for the first registration period with the inactive filter as 
well as for the first registration period with the active 
filter. For the second registration period with the inac- 
tive filter 41 persons were included. One subject left the 
job before the last registration period. For the second reg- 
istration period with the active filter 38 subjects were 
included. Two left the job and 2 changed to a new VDU 
before the last registration period. 

Electric and magnetic fields 

ELF and VLF electric fields were measured about 0.6 m 
in front of each person's VDU with an EMM-4 from 
Radians Innova AB that was not grounded. Before a per- 
son was eventually selected for the study, the electric 
fields from his or her VDU were measured without any 
filter and with an active filter (not the same as the one 
used in the actual investigation). The subject was present 
during the measurements, but no information was given 
about the various filters that would be used in the inves- 
tigation. 

After the last registration period, the electric fields 
were measured with no filter and with each of the 2 fil- 
ters used in the investigation. In addition, the background 
fields were measured at the same position in front of the 
VDU with the VDU switched off. There was a great var- 
iation in the electric fields produced by the various units, 
and also in the reduction provided by the active filters. 
The ranges of the electric fields, as well as the median 
values, are shown in figure 1. On the average, the elec- 
tric fields measured in front of the VDU were slightly 
increased by the mounting of the inactive filters. The in- 
crease in electric fields by these filters was not, howev- 
er, statistically significant. The differences between the 
inactive filters and active filters were statistically signif- 
icant for both the ELF and VLF electric fields. For the 
ELF fields the difference varied from -2.0 to 18.0 V/m 
with an average of 4.3 V/m, and for the VLF fields the 
variation was between -0.09 and 0.71 V/m with an aver- 
age of 0.23 V/m. 
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Registration of symptoms and physical and considered statistically significant when the statistical 
psychosocial factors significance probability was 5% or less. 

During the registration periods at the end of each work- 
day, the subjects filled out a questionnaire. They marked 
the severity of the symptoms (see table 2 in the Results 
section for a list of the symptoms) on a scale with 10 
intervals and registered the time at work, the time in front 
of the VDU, the time working 2 m or nearer the VDU, 
the perceived room temperature, the work load, and the 
person's mood. For each day in a registration period, we 
also received information on outdoor temperature and hu- 
midity. 

Another questionnaire was filled out by the subjects 
at the end of each registration period. For the whole reg- 
istration period they summarized other physical and psy- 
chosocial factors that might influence the symptoms (eg, 
various indoor climate factors and social support at 
work). Furthermore, the subjects registered any major 
changes since the previous registration period with re- 
spect to study design or electric environment at his or 
her workplace. 

At the beginning of the study, the subjects compared 
their VDU with and without any filter with respect to 
visual properties. The filter used for this comparison was 
not the same as the one used in the actual investigation, 
but the visual properties were identical. Measurements 
in a test laboratory (Institute of Optical Research, Royal 
Technical High School, Stockholm, 1991) showed that 
the filters reduced the luminance from a VDU with pos- 
itive polarity by about 48% and thereby increased the 
contrast between the dark and light parts of the screen. 
The filters reduced both the diffuse reflectance and the 
specular reflectance. The values for the reflectance re- 
ductions were not established. 

Results 

Visual effects of the filters 

With respect to visual reflexes and legibility, 32 subjects 
rated the screen with a filter as better than one without 
any filter, whereas 8 rated the 2 conditions as equal. With 
respect to comfort, almost all the workers (N=39) pre- 
fessed the screen with a filter, and one evaluated the con- 
ditions as equal. (Two subjects did not participate in the 
evaluation of visual properties.) 

Physical and psychosocial factors versus registration 
periods 

The physical and psychosocial factors registered in the 
various registration periods were compared. For most 
factors no or very small variations were observed be- 
tween the different periods. The factors showing the 
greatest variations are given in table 1 by including only 
subjects that were accepted for the registration period 
with no filter. Since more people were accepted for the 
periods when a filter was used, we also made a compari- 
son of each pair of filter periods by including all the sub- 
jects accepted for both of these periods. The differences 
between any pair of filter periods were then equal to or 
less than suggested by table 1. The greatest deviation 
from table 1 was obtained for outdoor temperature, for 
which the difference between each of the registration 
periods with an inactive filter and the first with an ac- 
tive filter was 0.2OC. 

Statistical methods / Symptoms in different registration periods 
The distribution of the data (degree of symptom) deviat- 
ed significantly from normality. Therefore, statistical 
analyses were performed by Wilcoxon signed-rank tests. 
Paired comparisons between various registration periods 
and between different conditions were done with each 
person as his or her own control. A result was 

0 
No filter Active filter 

Inactive filter VDU off 

In general, the symptoms were relatively mild. The high- 
est average score obtained for any symptom was 3.4, 
whereas the highest possible score was 9. When the av- 
erage was calculated, only persons having experienced a 
symptom at least once during the investigation period 
were included for that symptom. To give an overview of 

4 Figure 1. Electric fields measured 0.6 - m in front of the subjects' video dis- 
E 2 3 

play units (VDU). The lower and the  

0 
upper end of the boxes indicate the 25 

u= 
and 75 percentile values, respective- 

0 2 .- ly. The horizontal lines dividing the - boxes show the median values. The 
a, - 
a ends of the vertical lines indicate the 

L L  1 
-I highest and lowest value, respective- 
> ly, that are not defined as outliers 

0 (values that are more than 1.5 box- 
No filter Active filter lengths from the 75 Percentile). The 

Inactive filter VDU off d o i  indicate the  values of outliers. 
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Table 1. Average values of factors showing variation between 
the registration periods. Only persons accepted for the analysis 
of the first registration period (35 subjects) are included. (VDU = 
visual display unit) 

Factor No filter Registration period 

Inactive filter Active filter 

1 St 2nd 1 St znti 

Workhours (h) 7.0 6.8 7.1 6.9 7.1 
Time within 2 
meters of 
the VDU (h) 6.5 6.2 6.0 6.0 6.7 

VDU time (h) 4.8 4.6 4.6 4.5 4.9 
Outdoor 
temperature 
(average over day 
and night) ( O C )  3.3 3.9 5.2 7.0 9.0 

s y m p t o m  sever i t y  in t h e  v a r i o u s  r e g i s t r a t i o n  per iods,  the  
m e a n  v a l u e  o f  a l l  s k i n  s y m p t o m s ,  o f  a l l  e y e  
symptoms,  a n d  of a l l  n e r v e  s y s t e m  s y m p t o m s  h a s  b e e n  
p l o t t e d  in f i g u r e  2. 

F o r  a l l  t h e  s y m p t o m s  t h e  s e v e r i t y  w a s  a l m o s t  con-  
s tant  during t h e  d i f f e r e n t  r e g i s t r a t i o n  p e r i o d s  w i t h  f i l ters ,  
a n d  the re  w a s  n o  s ta t i s t i ca l l y  s i g n i f i c a n t  d i f f e r e n c e  b e -  
t w e e n  t h e  p e r i o d s  w i t h  a n  a c t i v e  f i l t e r  a n d  t h e  ones  w i t h  
a n  i n a c t i v e  f i l t e r .  N e a r l y  a l l  t h e  s y m p t o m s  w e r e  m o r e  
p r o n o u n c e d  in t h e  p e r i o d  w i t h  n o  f i l t e r  t h a n  in a n y  o f  
t h e  p e r i o d s  w i t h  a f i l t e r .  F o r  a l l  t h e  s k i n  s y m p t o m s ,  f o r  
t h e  m a j o r i t y  o f  t h e  e y e  s y m p t o m s ,  a n d  for 2 o f  t h e  n e r v -  
o u s  s y s t e m  s y m p t o m s  these d i f fe rences  w e r e  s tat is t ica l -  
l y  s ign i f i can t .  See  t a b l e  2. 

T h e  d i f fe rence  in t h e  e f f e c t  o n  s y m p t o m s  o f  t h e  2 fil- 
t e r  p e r i o d s  m a y  d e p e n d  o n  t h e  d i f f e r e n c e  in t h e i r  a b i l i t y  

2.5 

E 2.0 a 

1.5 
.+ : 1.0 
E 
$ 0.5 
0 

0.0 
Figure 2. Average severity of the symptoms registered 

No filter 1st with 2nd with 1st with 2nd with during each of the 5 registration periods. Only subjects 
inactive filter inactive filter active filter active filter that registered the symptom at least once during all the 

Registration period periods are included. 

Table 2. Comparison of symptom severity in the registration period without any visual display unit (VDU) filter with each of the registra- 
tion periods with a filter. The number of subjects who registered the symptom at least once in any of the registration periods (N), the 
number of subjects for which the symptom was the most pronounced in the period with no VDU filter (N,), and the number of subjects 
for  whom the symptom was most pronounced in the specified period (N,), and the significance probability (P-value) according to the 
Wilcoxon signed-rank test. 

Symptoms N Registration periods to which the period with no filter is compared 

Inactive filter Active filter 

15' Znd 1 st 2nti 

N, N, P-value N, N, P-value N, N, P-value N, N, P-value 

Skin 
Heat, burning sensation, or stinging 
Tingling, prickling, or itching 
Sensation of tightness or dryness 
Redness or flushing 

Eye 
Stinging or dryness 
Pain 
Redness 
Tiredness 
Light sensitivity 

Nervous system 
Headaches 
Dizziness or vertigo 
Tingling in the body 
Tiredness or fatigue 
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to reduce the electric fields. Therefore, we also compared 
the various periods with a filter for the subjects having 
the greatest differences between the inactive and active 
filter periods (ELF: difference >4 V/m and relative 
difference >40%; VLF: difference >0.2 V/m and relative 
difference >40%). Even for this group (16 subjects) the 
symptoms were not more pronounced in the registration 
periods with inactive filters than in the registration peri- 
ods with active filters. 

To see how the symptoms varied with time, we ana- 
lyzed separately the symptoms for those using the inac- 
tive filter first and for those using the active filter first. 
The symptoms were almost constant during the period 
of time the filters were used irrespective of the order in 
which the filters had been used. 

Symptoms versus other factors 

We analyzed the effect of factors registered every day 
during the registration periods. For instance, the symp- 
tom severity on days with a low outdoor temperature was 
compared with the symptom severity on days with a high 
outdoor temperature. For the other factors a similar com- 
parison was done. Days with the presumably worst con- 
dition with respect to the actual factor were compared 
with days with the presumably best condition with re- 
spect to this factor. Regarding the analyses for each of 
the symptoms registered, statistical significance was 
reached for the following 3 comparisons only: (i) the de- 
gree of tired eyes was on the average 0.30 higher on days 
with long VDU time than on days with short VDU time, 
(ii) the degree of sensation of tight or dry skin was 0.35 
higher on days with a low outdoor temperature than on 
days with a high outdoor temperature, and (iii) the de- 
gree of headache was 0.85 higher on days with a poor 
mood than on days with a good mood. The factors show- 
ing a variation between the different registration periods 
(table 1) are of particular interest. For these factors, the 
mean value of all the skin symptoms, all the eye symp- 
toms, or all the nervous system symptoms did not show 
a statistically significant difference between the condi- 
tions compared. 

Discussion 

If electric fields have any effect on the symptoms regis- 
tered in this study, the symptoms should have been less 
pronounced when the active filters were used than when 
the inactive filters were used. We did not observe any 
difference between the registration periods with the dif- 
ferent filters, not even for persons for whom the differ- 
ence with respect to electric fields between the 2 types 
of filters was greatest. A lack of any difference between 

the registration periods could have been caused by other 
factors making the conditions worse during active filter 
use than during inactive filter use. The analysis, howev- 
er, shows that there was almost no difference between 
the various registration periods with filters with respect 
to most of the registered physical factors and psychoso- 
cia1 factors. Therefore, it is not likely that this negative 
finding can be explained by these factors. 

Factors or random errors that were not controlled or 
registered in the study may also have been responsible 
for masking an eventual effect of reducing electric fields. 
This explanation is less likely because as many as 42 
persons participated and because averaging was made 
over 5 registration days for each of the registration peri- 
ods. For each of the filters used there were only minor 
differences in symptom severity between the first and last 
registration period separated in time by 2 months (see 
figure 2), and there was no systematic difference between 
the group using the active filter first and the group using 
the inactive filter first. These consistencies also contra- 
dict a suggestion of false negative results. 

A study by Skuldberg et a1 (10) has suggested that 
static electric fields may be responsible for skin rashes 
due to aerosol deposits. Even though the static potential 
measured in front of the VDU in Skuldberg's study was 
relatively low, there were often strong "hot spots" at ei- 
ther side or the top of the plastic cover of the VDU. 
Measurements indicate that hot spots are important for 
the average electrostatic potential near the operator's face 
(1 I), and thus for aerosol deposits on the facial skin (12). 
The filters used in our study covered only the front of 
the VDU and had no effect on possible hot spots. There- 
fore, our study is not conclusive with respect to the po- 
tential effects of the electrostatic field. 

It is not obvious why we could not confirm the result 
of the first investigation, namely, that 1 group of skin 
symptoms was less pronounced with the use of an active 
filter than with the use of an inactive filter (8). In the 
first study, the inactive and active filters were almost 
equal with respect to electrostatic fields. A smaller dif- 
ference than in this study was also obtained for the ELF 
fields, whereas the difference for VLF fields was greater 
in the first study than in this one. It was also greater than 
for the group in this study for whom the difference be- 
tween the 2 filters were the greatest. Whether the devi- 
ating results were due to the difference in VLF fields, to 
some unrecognized factor, or to the fact that some sub- 
jects were sensitive to electric fields in the first study but 
not in the second cannot be concluded. 

The participating subjects were selected because of 
certain skin symptoms experienced in connection with 
VDU work. Some functional relation between these skin 
symptoms and the symptoms of the eyes or the symp- 
toms of the nervous system cannot be excluded. There- 
fore, a generalization of the results to apply for all etiol- 
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ogies of the symptoms registered in this study may not 
be possible. 

By using filters, active as well as inactive, the de- 
gree of the symptoms was reduced by about 50% when 
compared with the condition when no filter was used. 
Because the electric fields were not reduced by using an 
inactive filter, there should be alternative explanations 
for the observed differences in symptoms. Both the time 
spent near the VDU and the time with VDU work was 
somewhat longer in the period without any filter than in 
most of the other registration periods. Furthermore, the 
outdoor temperature had the lowest average in the peri- 
od with no filter. The analysis indicates that these fac- 
tors had very small, if any, effect on the symptoms and 
therefore cannot be resporisible for the observed differ- 
ence in symptoms between the period without any filter 
and those with a filter. 

In this study, as well as in the first study (S), the sub- 
jects evaluated the visual quality and comfort as im- 
proved by the filter. Whether the perceived improvement 
was only due to reduced reflexes, reduced luminance, 
increased contrast, or some other impact on visual fac- 
tors has not been evaluated. Accordingly, some caution 
in generalization is warranted. In addition to a benefi- 
cial effect with respect to eye symptoms, reduced visual 
stress may have been a reason for a reduction of other 
symptoms. A study by Wilkins et a1 (13) indicates that 
flickering light from fluorescent tubes may give rise to 
eye symptoms, as well as headaches, and light with sim- 
ilar modulation frequencies is emitted from a VDU (14). 
In this context it is also interesting that patients with per- 
ceived electrical hypersensitivity seem to have a higher 
sensitivity to flickering light than referents when meas- 
ured by visually evoked potentials (15). In addition psy- 
chological and organizational factors have been indicat- 
ed to be risk factors for skin symptoms for people who 
work with a VDU (16). 

In this study the subjects, or at least some of them, 
probably expected the symptoms to be reduced by a fil- 
ter. Therefore, the placebo effect may have influenced 
the results. When placebos for medication are used, it has 
been shown that about a third of patients may have the 
sensation of pain reduced by at least 50%. However, the 
placebo effect is reduced after a relatively short period 
of time (17). To some extent the effect of the filters may 
be explained by the placebo effect. 

Another psychological effect that may have influ- 
enced the results is the Hawthorne effect. This effect is 
attributed to the attention and perceived care in associa- 
tion with intervention at workplaces, irrespective of the 
intervention itself (18). The effect has been studied for 
productivity and well-being and not for the specific 
symptoms registered in this study, but it is likely that 
people experiencing more well-being also focus less on 
symptoms. It was not possible to estimate the total role 

of the Hawthorne effect and that of the placebo effect in 
this study. Because the average symptom reduction for 
all the subjects was as large as 50%, and the degree of 
symptoms was almost constant for the 6-month period 
with filter use, these psychological effects are probably 
not the only reasons for the reduction in symptoms ob- 
served during the use of the filters. 

According to this study, and also to other studies, sev- 
eral physical and psychosocial factors may in general be 
the reasons for skin, eye, and nervous system symptoms 
experienced by VDU users, and probably electiic or mag- 
netic fields are generally not among these factors. On the 
other hand, we cannot exclude the possibility that there 
may be some persons, in this study and in general, for 
whom symptoms are provoked or aggravated by electric 
or magnetic fields. 

Concluding remarks 

This study does not support the hypothesis that skin, eye, 
or nervous system symptoms are reduced by reducing low 
frequency electric fields of the VDU. The study is not 
conclusive concerning static electric fields. Statistically 
significantly more pronounced symptoms in the period 
without any filter than in all the periods with a filter (ac- 
tive and inactive) can be explained by the filters' optical 
qualities and by psychological effects such as the place- 
bo effect and the Hawthorne effect. 
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