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Abstract

This study examined the effects of exposure to electromagnetic fields (EMF) on pregnancy
and the risk of miscarriage. We performed a systematic search for relevant studies published
to August 2021 in the medical databases of PubMed, CINAHL, Scopus, Web of Science, Google
Scholar and Cochrane Library. The following key terms were used: ‘electromagnetic field,” ‘mobile
phones,” ‘mobile phone base stations,” ‘watching TV,’ ‘using Internet,” ‘miscarriage,” ‘abortions,’
‘spontaneous abortion,’ ‘early abortion’ and ‘late abortion’. All case—control and cohort studies
that investigated the effect of EMF exposure on the risk of miscarriage were included without any
restriction of language or time. Statistical analyses were done using Comprehensive Meta-Analysis
software (version 2.0). A random-effects model was performed to calculate the overall effect size.
A primary search revealed a total of 982 relevant studies; six articles (N = 3,187 participants)
met the inclusion criteria for the meta-analysis. The results of the random-effects meta-analysis
indicated that EMF exposure had a significant effect on miscarriage: rate ratio (RR) = 1.699;
95% confidence interval (CI): 1.121, 2.363 (P < 0.001); and heterogeneity (I?) = 84.55% (P < 0.001).
The findings showed that pregnant woman who were exposed to high levels of EMF had an
increased risk of miscarriage.
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Introduction In addition, bleeding and infection commonly
occur after an abortion (5).

The term abortion refers to the termination Spontaneous abortion occurs in about
of a pregnancy before the foetus has reached one-third of pregnancies (6). About half of
the stage of viability outside the uterus, which all abortions are caused by abnormalities
is usually around the 20th week of gestation in the zygote, embryo, foetus or placenta;
(1). Spontaneous abortion is the most common chromosomal abnormalities in the embryo
complication of pregnancy (2); it occurs in about account for almost 20% of all abortions.
30%—40% of all pregnancies (3). Abortion is a Chromosomal abnormalities that are caused
highly traumatic event that can have extensive by mutations, chromosomal translocation and
psychological consequences for couples (4). chromosomal breaks can cause the abortion
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of euploid embryos, which are embryos that
have a normal chromosomal composition.
However, other causes of euploid abortions are
not well known, although they may be related
to maternal infectious diseases, high-risk
pharmacological drugs, developmental disorders
and environmental factors, such as smoking and
alcohol consumption, the use of contraceptives,
and exposure to environmental toxins, such
as lead and arsenic (7, 8). During pregnancy,
the health and living conditions of the mother
can directly affect the foetus; in addition, the
foetus is sensitive and vulnerable to various
environmental factors (9, 10). Recognising the
predisposing causes of abortion is an important
women’s health issue that should be addressed
to improve the quality of healthcare and the
reproductive and sexual rights of women (11).

Electromagnetic waves are composed of
electric and magnetic fields or electromagnetic
fields (EMF), that are perpendicular to each
other; they are generated from various devices
that use electric and magnetic forces to operate
(12). Given that electricity is an integral part
of life, people are regularly exposed, both
knowingly and unknowingly, to radiation
from EMF produced by electrical devices,
such as televisions, refrigerators, range hoods,
microwaves, computers, mobile phones, power
plants and transmission lines, powerhouses,
medical diagnostic equipment, incubators and
microscopes (13). Electromagnetic waves can
affect living organisms (14). Berg (15) considered
that the effect of EMF on the function of cells
was determined by the intensity, duration of
exposure and frequency of the electromagnetic
waves.

Research centres, including the World
Health Organization (WHO), have begun to pay
close attention to the effects that exposure to
EMF from generating devices and appliances
have on human health (16). There are also
concerns about the effects that EMF exposure
have on pregnant women during the different
stages of foetal growth. Several studies have
been conducted on the effects of EMF exposure
on pregnancy, although conflicting results have
been reported regarding early foetal death, foetal
abnormalities and behavioral changes in the
infant after birth (12, 17).

Studies have been performed on pregnant
animals. For example, one study on pregnant
mice showed that exposure to very weak
electromagnetic waves reduces the number of
embryos that reach the morula stage, decreases
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the number of endothelial cells of the embryo
and affects the trophectoderm (18). Exposure to
EMF from a mobile telecommunication system
was found to increase the risk of abortion in
pregnant rats and to reduce the weight and
body length of the foetus; exposure also caused
disorders of the skeletal system, such as short or
absent tails, lack of free ribs and lack of caudal
vertebrae (19). Studies on pregnant women have
shown that EMF emitted from microwaves,
mobile phones and the internet can reduce
amniotic fluid and increase the risk of abortion
and death. Exposure to EMF can also have
adverse effects on the growth and health of the
foetus and can cause an increase in the volume,
weight and atresia follicles in ovaries of children
(12,19—23).

A comprehensive study of the effects of
exposure to EMF on pregnancy is necessary
because of the increasing use of appliances
and devices that generate EMF in homes, in
industries and in the medical field; for example,
mobile phones, which generate EMF, are used
by billions of people around the world (24). The
present systematic review and meta-analysis was
performed to evaluate and summarise the results
of various studies on the effect that exposure to
electromagnetic waves has on abortion.

Methods

Inclusion and Exclusion Criteria

This review included all case-control and
cohort studies that investigated the effects of
EMF exposure on the risk of miscarriage. There
were no restrictions in terms of language or
time. Articles on all types of abortion, including
spontaneous abortions, early abortions and late
abortions, were included; however, studies on
animals were excluded. Studies that assessed a
women’s exposure to EMF during pregnancy as
the first or secondary outcome were included in
the meta-analysis. Our review was not limited
to a specific description of EMF and, thus,
exposure from using mobile phones and mobile
phone base stations, TVs, and the Internet were
included. Studies that investigated exposure to
extremely low-frequency EMF and exposure
through occupations were also included.

Data Sources and Search Strategy

Our initial search involved wusing the
Medline search strategy. A systematic search
was then conducted on the PubMed, CINAHL,
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Scopus, Web of Science, Google Scholar and
Cochrane Library databases for all relevant
articles published up until August 2021. A
search of all reference lists from recognised
articles, meta-analyses and review articles and
other relevant studies was performed using the
following key terms: ‘electromagnetic field’,
‘mobile phones’, ‘mobile phone base stations’,
‘watching TV’, ‘using Internet’, ‘miscarriage’,
‘abortions’,  ‘spontaneous abortion’, ‘early
abortion’ and ‘late abortion’.

Study Selection and Data Extraction

After a general search, all potentially
suitable papers were collected by two
researchers. All titles and abstracts of the
papers were assessed and unsuitable papers
were excluded. The remaining articles were
then carefully evaluated by two authors (MI and
MAM), independently. In the case of an article
in which there was no agreement between the
reviewers after a discussion, a third author would
comment. The selected articles were arranged
according to a predetermined checklist, which
included the first author, year of publication,
reference, country, study design, sample size,
investigated population, age range, follow-up
period, adjusted variables, main findings and
quality score.

Statistical Methods

All statistical analyses were performed
using Comprehensive Meta-Analysis software
version 2.2.064. A level of significance of
P < 0.05 was used. To assess the statistical
heterogeneity between the studies, Cochran’s
Q test, with a significance level of P < 0.1 and
the heterogeneity (I?) test, with a significance
level of > 50%, were used. Publication bias was
assessed by a visual inspection of Begg’s funnel
plots and the use of asymmetry tests (i.e. Egger’s
and Begg’s tests). In this study, a meta-analysis
was done using the random-effects model.
A sensitivity analysis was performed by removing
studies one by one and checking the P-value of
the pooled effect (i.e. the leave-one-out method
in sensitivity analysis).

Quality Assessment and Data Extraction

Quality assessment was performed using
the Newcastle-Ottawa Scale (NOS). The NOS
was developed to assess the quality of non-
randomised studies in terms of their design,
content and ease of use for the interpretation of
the results of a meta-analysis.

www.mjms.usm.my

Results

In this study, an electronic search of
databases identified 982 potentially relevant
studies. After duplicated articles were removed,
882 articles were screened for inclusion. Two
reviewers excluded 856 articles after reviewing
their titles and abstracts. Finally, after the full
text of 26 published studies on the effect of
EMF on the risk of miscarriage were reviewed,
six articles, which included 3,187 pregnant
women, met the inclusion criteria of this study.
The PRISMA flow diagram of the selected studies
is shown in Figure 1. The main characteristics of
the eligible studies are described in Table 1.

From the six studies that were reviewed,
two followed the cohort design and four were
case-control studies. Three of the studies were
performed in Iran, while three were from the
United States (25—-30).

Assessment of the Quality
of Studies

To assess the quality of the studies, a star
system was developed based on three broad
perspectives: i) the selection of the study
groups; ii) the comparability of the groups and
iii) the identification of either the exposure or
the outcome of interest for the case—control
or cohort studies, respectively (Table 2). The
minimum and maximum scores of the star
system ranged between 0 and 9. Articles that
scored > 6 were considered to be high quality
articles.

Meta-Analysis Results

Figure 2 shows the forest plots that
summarise the meta-analysis of the EMF effect
on miscarriage. The results of the random-
effects meta-analysis indicated that EMF had
a significant effect on miscarriage: rate ratio
(RR) = 1.699; 95% confidence interval (CI):
1.221, 2.363.

Heterogeneity, Publication Bias and
Sensitivity Analysis of Included Studies

The heterogeneity between the included
studies was significant: Q-statistic P < 0.001
and I* = 84.55%. The symmetrical funnel plot
shown in Figure 3 demonstrates a significant
bias in the publications based on Egger’s linear
regression test (intercept = 2.515; standard
error [SE] = 0.640.; 95% CI: 0.737, 4.294;
t = 3.926; df = 4.00; two-tailed P = 0.01) and
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4 Additional records identified through other sources
g Records identified through (n=128)
< database searching all reference lists of recognised articles
9 (n=854) all available thesis and journal in the library
E domestic databases such as SID, Magiran
=
a
L]
/ Y
o Records after duplicates removed
Z (n=982)
Z
=
2 v
8 Records screened _ Records excluded by title or abstract
(n=882) g for not following the inclusion criteria
(n = 856)
= v
E Full-text articles assessed for eligibility = Full-text articles excluded, with reasons
= (n = 26) " (n =20)
e Non case-control and cohort study (n = 12)
d Lack of sufficient data for analysis (n = 8)
Y
Studies included in qualitative synthesis
=) (n=6)
:
8 v
E Studies included in quantitative synthesis
(meta-analysis)
(n=6)
Figure 1. PRISMA chart of study selection process
Meta Analysis
Study name Statistics for each study Risk ratio and 95% ClI
Study Risk Lower Upper
size ratio limit limit z-value P-value
969 De-Kun Li 2002 2200 1.200 4.033 2.550 0.011 -
116 Shamsi 2013 1.850 1.380 2480 4.114 0.000 [ |
597 Shamsi 2015 1110 1.070 1151  5.573 0.000 =
462 Abad 2016 1120 0.830 1511 0.741 0.459
727 Geraldine M.Lee 2002 3.100 1.600 6.006 3.353 0.001 —-
913 De-Kun Li 2017 2720 1420 5210 3.017 0.003 -
1.699 1.221 2363 3.148 0.002 ‘
0.01 0.1 1 10 100
Non-Exposed Exposed

Meta Analysis

Figure 2. Effect of EMF on the risk of miscarriage
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Begg’s rank correlation test (Kendall’s Tau with
continuity correction = 0.40; z = 1.12; two-tailed
P-value = 0.25). The trim-and-fill correction
method by Duval and Tweedie resulted in the
imputation of a potentially missing study and an
adjusted effect size of 1.19 (95% CI: 0.87, 1.63).
The fail-safe N-test indicated that 92.00 studies
would be required to render the effect size as
non-significant.

The results of the sensitivity analysis
showed that no study significantly influenced
the results of the meta-analysis regarding the
effect of EMF exposure on the risk of miscarriage
(Figure 4).

Discussion

This systematic review and meta-analysis
study was performed to investigate the effects
that exposure to EMF during pregnancy
had on the risk of spontaneous abortion. Six
articles were included in the meta-analysis;
five studies confirmed the effect of exposure to
electromagnetic waves on spontaneous abortion
(25—30). The study by Abad et al. (277) indicated
that, although women who were exposed to
significant levels of electromagnetic waves had a
high risk of miscarriage, the relationship was not

Funnel Plot of Standard Error by Log risk ratio

0.0

0.1

0.2

Standard Error

03

04

-2.0 -0.5

<
&

0.0 0.5 2.0

Log risk ratio

Figure 3. The funnel plot of the effect of EMF on the risk of miscarriage

Meta Analysis

Study name Statistics with study removed Risk ratio (95% CI)
Study Lower Upper with study removed
size Point limit limit z-value P-value
969 De-Kun Li 2002 1628 1.151 2303 2.756 0.006 -

116 Shamsi 2013 1666 1150 2.414 2.699 0.007 .
597 Shamsi 2015 1.932 1328 2.811 3.443 0.001 .
462 Abad 2016 1940 1.244 3.025 2923 0.003 .-
727 Geraldine M.Lee 2002 1.541 1123 2116 2.677 0.007 .
913 De-Kun Li 2017 1575 1.133 2.189 2.701 0.007 .

1.699 1221 2363 3.148 0.002 0

0.01 0.1 1 10 100
Non-Exposed Exposed
Meta Analysis

Figure 4. The results of the leave-one-out sensitivity analysis
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confirmed by the Wald test. The lack of evidence
may have been related to the small sample size of
the study (27).

The present meta-analysis study showed
that the risk of miscarriage in pregnant women
who were exposed to EMF was 1.69 times
higher than the risk for women who were not
exposed. Ebadi et al. (31) showed that there
was a significant relationship between exposure
to low-frequency EMF (i.e. 3 Hz-3000 Hz)
generated from sources in the home and the risk
of miscarriage in pregnant women at < 14 weeks
gestation. The researchers also found that the
duration of mobile phone use during the day and
the intervals between mobile phone use were
associated with the risk of miscarriage (31).

Other studies have studied the effects that
exposure to EMF have on pregnant animals. For
example, Baharara et al. (32) exposed pregnant
mice on the 14th day of gestation to waves from
mobile phones for 6 h/day for 4 days; they also
exposed 2-day-old mice. Their results showed
that exposure to 940 MHz waves from mobile
phones increased the number of micronuclei in
the peripheral blood erythrocytes of the mothers
and their babies; an increase in the number of
micronuclei is a sign of chromosomal damage.
These results confirmed the genotoxic effect of
the waves (32).

Mobile phones emit radio frequency energy,
which is a type of non-ionising radiation. The
tissues in the human body that are closest to
the antenna absorb this energy. This energy
can interfere with magnetic fields in the human
body and can cause disorders in the function of
various organ systems in a developing foetus
(20).

There are various theories about the
possible link between EMF and abortion. For
example, EMF may affect chemical interactions
in cell membranes; they may decrease the
permeability of cell membranes, which results
in decreased cell connections; they may increase
the number of free radicals in the body; they can
impair mitotic divisions; and EMF may damage
cell proteins and cause cell severance. Another
theory is that the depth of penetration by EMF
into tissues increases when fluids are low (33).

The risk of abortion from exposure to
electromagnetic waves depends on the distance
from the radiation source and the frequency of
the waves (31). Another important factor that
affects the relationship between exposure to
electromagnetic waves and spontaneous abortion
is the duration of exposure. In other words, can
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controlling the exposure to electromagnetic
waves reduce the risk of abortion? Different
studies have reported conflicting results in
terms of the duration of exposure and the
risk of abortion. For example, Li et al. (28)
found strong evidence that exposure to a
magnetic field over 16 mG may be associated
with a risk of miscarriage. Their study showed
that the RR associated with a magnetic field
exposure of 16 mG was 2.2 (95% CI: 1.2, 4.0).
The researchers also showed that the risk of
miscarriage from exposure to magnetic waves
was greater in early pregnancy (< 10 weeks)
because the foetus was more sensitive to
environmental factors (28).

In their case—control study, Lee et al.
(29) found that exposure to high and frequent
magnetic fields increased the risk of abortion
in pregnant women enrolled in a medical care
system in Northern California. The researchers
stated that the risk of abortion increased with
exposures above the 50th percentile level in the
environment (29). In another study, researchers
looked at mobile phone use and the risk of
abortion in two groups of women: the case
group of women had a spontaneous abortion at
< 14 weeks and the control group of women
were > 14 weeks gestation. They found that the
average duration of mobile phone contact during
the day, the location of the phone when not in
use, the use of the phone for other applications,
the specific absorption rate (SAR) and the
mean effective SAR were significantly different
between the two groups (26).

One of the limitations of the present
study was the lack of access to relevant theses
and unpublished studies, which could have
contributed to the results of this study. One
of the strengths of the present study was
that the confounding variables that affected
abortion were controlled in the results of all the
studies in this meta-analysis. Therefore, it was
possible to accurately determine the effect of
electromagnetic waves on abortion.

Conclusion

It is hoped that the results of this study
will increase awareness of healthcare providers,
such as gynaecologists and midwives, about
the adverse effects of electromagnetic waves
on pregnancy and the risk of miscarriage. In
this way, pregnant women will be encouraged
to protect themselves from exposure to
electromagnetic waves. Pre-pregnancy and
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early pregnancy counseling on the proper way
to limit exposure to electromagnetic waves
from electrical appliances and devices, mobile
phones and the internet may reduce the risk of
spontaneous abortions.
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