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Abstract
Causes of birth defects are unclear, and the association with electromagnetic fields is inconclusive. We assessed the relation-
ship between residential proximity to extremely low frequency electromagnetic fields from power grids and risk of birth 
defects. We analyzed a population-based sample of 2,164,246 infants born in Quebec, Canada between 1989 and 2016. We 
geocoded the maternal residential postal code at delivery and computed the distance to the nearest high voltage electrical 
transmission line or transformer station. We used log-binomial regression to estimate risk ratios (RR) and 95% confidence 
intervals (CI) for the association of residential proximity to transmission lines and transformer stations with birth defects, 
adjusting for maternal and infant characteristics. The prevalence of birth defects within 200 m of a transmission line (579.4 
per 10,000 per live births) was only slightly higher compared with distances further away (568.7 per 10,000). A similar 
trend was seen for transformer stations. Compared with 200 m, a distance of 50 m was not associated with the risk of birth 
defects for transmission lines (RR 1.00, 95% CI 1.00–1.01) and transformer stations (RR 1.01, 95% CI 1.00–1.03). There 
was no consistent association when we examined birth defects in different organ systems. We found no compelling evidence 
that residential proximity to extremely low frequency electromagnetic fields from electrical power grids increases the risk 
of birth defects. Women residing near electrical grids can be reassured that an effect on the risk of birth defects is unlikely.

Keywords Congenital abnormalities · Electric power supplies · Electromagnetic fields · Environmental exposure · 
Pregnancy outcome

Introduction

Birth defects affect 2–8% of live births globally and are the 
leading cause of infant mortality in many countries [1, 2]. 
Prevention efforts are hampered by limited knowledge of the 
causes of fetal malformations [1]. Genetic factors contribute 
to a substantial proportion of birth defects, but up to 50% 
have no known cause [1]. A mounting number of studies 
suggest that environmental risk factors may be a source of 
birth defects, owing to associations with a range of expo-
sures such as air pollution, extreme heat, and ionizing radia-
tion [2]. A small number of studies suggest that extremely 
low frequency electromagnetic fields (non-ionizing radia-
tion) produced by electrical circuits may contribute to the 
pathogenesis of birth defects, based on evidence from occu-
pational and other maternal exposures during pregnancy [3, 
4]. Electromagnetic fields are ubiquitous in the environment 
and may be an unidentified cause of birth defects.

The possible link between electromagnetic fields and 
birth defects was considered as far back as three decades. 

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s1065 4-019-00518 -1) contains 
supplementary material, which is available to authorized users.

 * Nathalie Auger 
 nathalie.auger@inspq.qc.ca

1 School of Public Health, University of Montreal Hospital 
Research Centre, Montreal, Canada

2 Institut national de santé publique du Quebec, 190 Cremazie 
Blvd. East, Montreal, QC H2P 1E2, Canada

3 Department of Epidemiology, Biostatistics, and Occupational 
Health, McGill University, Montreal, Canada

4 Department of Medical Genetics, University of British 
Columbia, Vancouver, Canada

5 Maternal, Child and Youth Health Surveillance, Centre 
for Surveillance and Applied Research, Public Health 
Agency of Canada, Ottawa, Canada

6 National Collaborating Centre for Environmental Health, 
British Columbia Centre for Disease Control, Vancouver, 
Canada

http://orcid.org/0000-0002-2412-0459
http://crossmark.crossref.org/dialog/?doi=10.1007/s10654-019-00518-1&domain=pdf
https://doi.org/10.1007/s10654-019-00518-1


690 N. Auger et al.

1 3

Studies focused initially on exposures to electromagnetic 
fields from occupational sources and household appliances 
such as electric blankets or heated water beds [5, 6], before 
addressing residential exposures from unavoidable sources 
such as electrical power lines [7–11]. The literature as a 
whole is conflicting, with some studies reporting no rela-
tionship between electromagnetic fields from power lines 
and birth defects [7, 8, 11], and others weak associations [9, 
10]. Most studies however were potentially underpowered 
to detect weak effects, or could not rule out the possibil-
ity of recall bias owing to a case–control design [7, 8, 10]. 
To resolve this question, we designed a large retrospective 
study to determine if residential proximity to electromag-
netic fields from electrical power grids is associated with 
the risk of birth defects.

Methods

Data

We analyzed a retrospective sample of 2,164,246 live born 
infants in hospitals in Quebec, Canada between 1989 and 
2016. The sample is population-based as the majority of 
births in Quebec occur in hospitals (99%). Data were 
extracted from the Maintenance and Use of Data for the 
Study of Hospital Clientele database which contains a com-
pilation of all hospital discharge summaries in the prov-
ince [12]. Discharge summaries include medical diagnoses 
during prenatal follow-up, as well as at delivery [13]. The 
database has maternal and infant demographic information, 
residential six-digit postal codes at the time of each deliv-
ery, and up to 26 diagnostic and 20 intervention codes. We 
did not include 62,875 infants with invalid postal codes as 
we could not determine the residential location. We also 
excluded 4,686 infants with chromosomal defects, as these 
anomalies are present from conception and cannot be due to 
an effect of electromagnetic fields in the first trimester [3]. 
The critical period of exposure to electromagnetic fields is 
the first trimester, with most body structures already formed 
by the 12th week of pregnancy [14].

Electromagnetic fields

We used maternal residential proximity to power transmis-
sion lines and transformer stations as a proxy for exposure 
to electromagnetic fields. Previous research has found high 
correlation between direct magnetic field measurements and 
distance to power lines [15, 16]. In Quebec, high voltage 
electricity measuring 735, 315, and 120 kV travels through 
transmission lines to transformer stations where the voltage 
is decreased before delivery to homes. There are in total 
3374 lines (46% in urban municipalities) and 202 stations 

(54% urban) in Quebec. Electromagnetic fields are strongest 
near 735 kV transmission lines, but also surround 315 and 
120 kV lines [17]. Data suggest that transformer stations 
emit only low strength magnetic fields outside the immedi-
ate station, although transmission lines leading in and out 
of stations do produce strong fields. Thus, electromagnetic 
field exposure will occur for residences in proximity to both 
transmission lines and transformer stations. Electromagnetic 
fields are composed of both electric and magnetic fields. The 
intensity of electric fields can be reduced by the presence of 
matter such as earth, rocks, or concrete that act as screens, 
while magnetic fields cannot be blocked. Magnetic fields 
are strongest near the source and fall rapidly with distance. 
At a distance of 100 m from transmission lines, magnetic 
fields fall closer to ambient levels and continue to decrease 
with distance [18].

To obtain the distance to the nearest transmission line or 
transformer station, we geocoded the centroid of the mater-
nal residential postal code at delivery (N = 167,233). We 
assumed that the postal code at delivery was identical to the 
postal code of residence in the first trimester, and assigned 
the exposure retrospectively accounting for the addition of 
postal codes over time. We did not have the exact residential 
address. In urban areas, postal codes are well circumscribed 
and usually cover one side of a street block, however postal 
codes are larger in rural areas, making potential misclassifi-
cation of exposure more likely in these areas. We obtained 
geospatial data for transmission lines and transformer sta-
tions from the CanMap Content Suite produced by Digi-
tal Mapping Technologies Inc Spatial [19]. The CanMap 
Content Suite contains longitude and latitude coordinates 
of all transmission lines and transformer stations in Canada 
in 2016.

We calculated the distance between the postal code 
centroid and the nearest transmission line and transformer 
station in meters. We examined distance as a binary vari-
able, using a cut-off of 200 m to minimize the possibility 
of misclassifying births exposed to weak fields (< 200 vs. 
≥ 200 m). At 200 m, fields from high voltage–power sources 
are negligible [20]. Further, we considered the exposure as 
a continuous variable to capture associations over the entire 
range of distances, using 200 m as the reference.

Birth defects

We included all defects present at time of birth. In Quebec, 
birth defects may be identified during ultrasound screening 
in the second or third trimester, or during clinical exami-
nation after delivery. Defects are coded using the 9th and 
10th revisions of the International Classification of Dis-
eases (Online Supplementary Table 1). Birth defects may 
also be documented using codes for corrective procedures 
in the Canadian Classification of Diagnostic, Therapeutic, 



691Maternal proximity to extremely low frequency electromagnetic fields and risk of birth defects  

1 3

and Surgical procedures and the Canadian Classification of 
Health Interventions (Online Supplementary Table 2). We 
examined birth defects in all major organ systems following 
the Canadian Congenital Anomalies Surveillance System 
[21]. Nine major categories of birth defects were included, 
covering the central nervous system, sense organs (eye, nose, 
ear), orofacial clefts, heart, respiratory, digestive, abdominal 
wall or diaphragm (gastroschisis, omphalocele, diaphrag-
matic hernia), genitourinary, and musculoskeletal systems.

We further classified central nervous system defects as 
neural tube or non-neural tube, and heart defects as criti-
cal (tetralogy of Fallot, transposition of the great vessels, 
truncus arteriosus, hypoplastic left heart, common ventricle, 
coarctation of the aorta, other) or noncritical (heterotaxy, 
less severe septal, valve, or great vessel defects). Noncriti-
cal heart defects were also classified as septal or nonseptal. 
We classified musculoskeletal defects as limb deficiency, 
clubfoot, congenital hip dislocation, and other. Finally, we 
included a category for multiple defects. We did not evaluate 
patent ductus arteriosus and undescended testes, because 
these are physiological defects that depend on gestational 
age.

Covariates

We considered residential area characteristics that poten-
tially influence electricity use, and thus levels of electro-
magnetic field exposure, including neighbourhood mate-
rial deprivation (low, low-middle, middle, middle-high, 
high deprivation, unknown) and rural residence (yes, no, 
unknown). Deprivation is classified using an index for small 
geographic areas containing 400–700 people. The index is 
computed from a principal components analysis of census 
data on the proportion of persons without a high school 
diploma, employment-to-population ratio, and average per-
sonal income [22]. Other covariates included maternal age 
at delivery (less than 25, 25–34, 35 years and older), parity 
(0, 1, greater than 2 previous deliveries), sex of the infant 
(male, female), multiple birth (no, yes), maternal morbidity 
(no, yes), and time period at birth (1989–1995, 1996–2002, 
2003–2009, 2010–2016). Maternal morbidity was defined 
as preexisting diabetes, epilepsy or mood disorder, obe-
sity, hypertensive disorders of pregnancy, and substance 
use (illicit drugs, tobacco, alcohol) (Online Supplementary 
Table 1).

Data analysis

We computed the prevalence of any birth defect per 10,000 
live births with 95% confidence intervals (CI). Using log-
binomial models, we computed risk ratios (RR) and 95% CIs 
for the association between proximity to transmission lines 
and transformer stations and the risk of any birth defect, 

adjusting for maternal age, parity, sex of infant, multiple 
birth, maternal morbidity, rural residence, socioeconomic 
deprivation, and time period. In selected models of rare out-
comes, we specified a Poisson distribution to enable con-
vergence. We applied robust error estimators in generalized 
estimating equations to account for clustering of births in 
women, using an exchangeable correlation matrix structure. 
In models with distance as a continuous variable, we used 
restricted cubic splines with knots at 50, 500, and 950 m, 
focusing on associations for areas closest to lines and sta-
tions [23]. We carried out sensitivity analyses where we 
restricted the data to urban areas, did not adjust for rural 
residence or socioeconomic deprivation, used other cut-off 
distances as the reference, and tested different knot locations 
in the spline variables.

We used ArcGIS version 10.5 (Esri Inc., Redlands, CA) 
to geocode the data, and SAS version 9.4 (SAS Institute Inc., 
Cary, NC) for data analyses. We performed spline analy-
ses using the restricted cubic spline macro [23]. The Uni-
versity of Montreal Hospital Centre’s Institutional Review 
Board waived the need for ethical review as the data were 
de-identified.

Results

Among 2,164,246 births between 1989 and 2016, there 
were 123,575 infants with birth defects, for an overall preva-
lence of 571.0 per 10,000 live births (95% CI 567.9–574.1; 
Table 1). The prevalence of any birth defect was slightly 
higher for infants within 200 m of transmission lines (579.4 
per 10,000) compared with 200  m or more (568.7 per 
10,000). The trend was similar for infants within 200 m of 
transformer stations.

In adjusted regression models with distance as a binary 
exposure, there was no consistent evidence of an associa-
tion with birth defects (Table 2). Risk of any birth defect 
was slightly elevated for both transmission lines (RR 1.02, 
95% CI 1.00–1.03) and transformer stations (RR 1.05, 95% 
CI 1.00–1.09), comparing < 200 with ≥ 200 m. Proximity 
to transmission lines was associated with a greater risk of 
sense organ, genital, and clubfoot defects, but for noncriti-
cal heart defects the association with line exposure was in 
the opposite direction. A similar pattern was not present 
for transformer stations. Proximity to transformer stations 
was associated with a greater risk of nonseptal heart and 
abdominal wall/diaphragm defects, outcomes that were not 
positively associated with proximity to transmission lines. 
Overall, most associations between transmission lines or 
transformer stations and birth defects were null.

When analyzed as a continuous variable, proximity to 
transmission lines was not associated with the risk of birth 
defects overall (Fig. 1, Online Supplementary Table 3). 
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Compared with 200 m, a distance of 50 m was not associ-
ated with the risk of any birth defect (95% CI 1.00–1.01). 
There was a borderline pattern with transformer stations. 
Compared with 200 m, a distance of 50 m from transformer 
stations was associated with 1.01 times (95% CI 1.00–1.03) 
the risk of any birth defect. Analyses of specific birth defects 
also did not provide compelling evidence of an association 
(Fig. 2, Online Supplementary Table 3). Compared with 
200 m, a distance of 50 m from transmission lines was 

associated with greater risks of sense organ (RR 1.02, 95% 
CI 1.01–1.04), genital (RR 1.02, 95% CI 1.00–1.04), and 
clubfoot (RR 1.03, 95% CI 1.02–1.05) defects. However, 
there were reduced risks of noncritical heart defects (RR 
0.97, 95% CI 0.96–0.98) and congenital hip dislocation (RR 
0.98, 95% CI 0.96–1.00). A similar pattern of inconsistent 
associations was present for transformer stations, although 
more associations tended to be positive (Fig. 3, Online Sup-
plementary Table 3). Compared with 200 m, a distance of 

Table 1  Prevalence of any birth 
defect according to maternal 
and infant characteristics, 
Quebec, 1989–2016

a Preexisting diabetes, epilepsy or mood disorder, obesity, hypertensive disorder of pregnancy, substance 
use (illicit drugs, tobacco, alcohol)

No. birth defects No. infants Prevalence rate per 10,000 
(95% confidence interval)

Distance to transmission line (m)
 < 200 26,419 455,950 579.4 (572.6–586.2)
 ≥ 200 97,156 1,708,296 568.7 (565.3–572.2)

Distance to transformer station (m)
 < 200 2448 40,855 599.2 (576.2–622.2)
 ≥ 200 121,127 2,123,391 570.4 (567.3–573.6)

Maternal age at delivery (years)
 < 25 25,079 445,519 562.9 (556.1–569.7)
 25–34 78,843 1,405,188 561.1 (557.3–564.9)
 ≥ 35 16,187 296,280 546.3 (538.2–554.5)

Parity
 0 69,187 1,183,397 584.6 (580.4–588.9)
 1 37,036 694,674 533.1 (527.9–538.4)
 ≥ 2 13,200 254,960 517.7 (509.1–526.3)

Sex of infant
 Male 66,790 1,109,206 602.1 (597.7–606.6)
 Female 56,785 1,055,040 538.2 (533.9–542.5)

Multiple birth
 Yes 4230 57,400 736.9 (715.6–758.3)
 No 119,345 2,106,846 566.5 (563.3–569.6)

Maternal  morbiditya

 Yes 5924 86,124 687.8 (670.9–704.7)
 No 117,651 2,078,122 566.1 (563.0–569.3)

Rural residence
 Yes 24,313 423,533 574.1 (567.0–581.1)
 No 99,262 1,740,713 570.2 (566.8–573.7)

Socioeconomic deprivation
 Low 21,585 393,583 548.4 (541.3–555.5)
 Low-moderate 24,848 421,080 590.1 (583.0–597.2)
 Moderate 24,808 421,874 588.0 (580.9–595.1)
 Moderate-high 24,478 422,993 578.7 (571.6–585.7)
 High 24,302 440,687 551.5 (544.7–558.2)

Time period
 1989–1995 31,524 588,530 535.6 (529.9–541.4)
 1996–2002 30,961 516,171 599.8 (593.3–606.3)
 2003–2009 32,609 553,007 589.7 (583.5–595.9)
 2010–2016 28,481 506,538 562.3 (555.9–568.6)

Total 123,575 2,164,246 571.0 (567.9–574.1)
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50 m from transformer stations was associated with noncriti-
cal health defects (RR 1.04, 95% CI 1.00–1.07) and other 
musculoskeletal defects (RR 1.07, 95% CI 1.03–1.11).

Sensitivity analyses in which we restricted the analy-
sis to urban areas which were potentially less affected by 

exposure misclassification did not alter the study interpre-
tation (Online Supplementary Table 4), nor did removal of 
socioeconomic deprivation or rural residence from regres-
sion models. Reclassifying the exposure cut-off to 50, 100, 
or 500 m had no impact on the overall results in the binary 
analysis. Changing knot locations to the 5th, 50th, and 
95th percentiles of the distribution also had no meaningful 
impact.

Discussion

This retrospective study of more than 2 million newborns 
over a 27-year period found no clear evidence that resi-
dential proximity to electrical grids affects the risk of birth 
defects in major organ systems. We examined two sources 
of electromagnetic field exposure, proximity to power trans-
mission lines and transformer stations. Associations with 
both exposures were null for most birth defects. While risks 
were elevated for a few defects, proximity to power sources 
was also associated with lower risks for several outcomes, 

Table 2  Residential exposure to electromagnetic fields and risk of selected birth defects, Quebec, 1989–2016

a Adjusted for maternal age, parity, sex of infant, multiple birth, maternal morbidity, rural residence, socioeconomic deprivation, and time period

No. defects Risk ratio (95% confidence interval)

Transmission lines
< 200 versus ≥ 200 m

Transformer stations
< 200 versus ≥ 200 m

Unadjusted Adjusteda Unadjusted Adjusteda

Any birth defect 123,575 1.02 (1.01–1.03) 1.02 (1.00–1.03) 1.05 (1.01–1.09) 1.05 (1.00–1.09)
Central nervous system 4810 1.00 (0.93–1.07) 0.99 (0.92–1.07) 1.11 (0.91–1.35) 1.12 (0.91–1.36)
 Neural tube 1986 1.00 (0.90–1.12) 0.98 (0.87–1.09) 1.07 (0.78–1.46) 1.06 (0.77–1.45)
 Non-neural tube 4111 0.99 (0.91–1.06) 1.00 (0.92–1.08) 1.08 (0.87–1.34) 1.11 (0.89–1.38)

Sense organ 11,610 1.12 (1.08–1.17) 1.09 (1.04–1.14) 1.09 (0.96–1.24) 1.02 (0.89–1.16)
Orofacial cleft 2473 0.99 (0.90–1.09) 0.91 (0.82–1.01) 1.22 (0.94–1.60) 1.11 (0.85–1.46)
Heart defect 20,808 0.91 (0.88–0.94) 0.92 (0.89–0.96) 1.02 (0.92–1.13) 1.07 (0.96–1.18)
 Critical 2185 0.93 (0.83–1.03) 0.95 (0.85–1.06) 0.97 (0.70–1.33) 1.03 (0.74–1.42)
 Noncritical 19,718 0.91 (0.88–0.94) 0.92 (0.89–0.96) 1.03 (0.93–1.14) 1.08 (0.97–1.20)
  Septal 12,842 0.88 (0.84–0.92) 0.90 (0.86–0.95) 0.94 (0.81–1.07) 1.00 (0.87–1.15)
  Nonseptal 8660 0.95 (0.90–1.00) 0.95 (0.89–1.00) 1.25 (1.09–1.44) 1.28 (1.11–1.47)

Respiratory 2764 0.91 (0.83–1.00) 0.90 (0.82–1.00) 0.88 (0.66–1.18) 0.89 (0.66–1.19)
Digestive 7081 1.07 (1.01–1.13) 1.01 (0.95–1.07) 1.10 (0.94–1.30) 1.01 (0.86–1.20)
Abdominal wall/diaphragm 1481 1.05 (0.93–1.19) 1.05 (0.92–1.21) 1.41 (1.02–1.93) 1.42 (1.03-1.97)
Genitourinary 23,257 0.95 (0.92–0.98) 1.01 (0.98–1.05) 0.95 (0.86–1.05) 1.05 (0.95–1.15)
 Urinary 15,853 0.90 (0.86–0.93) 0.99 (0.95–1.03) 0.92 (0.82–1.04) 1.07 (0.95–1.21)
 Genital 7635 1.07 (1.02–1.13) 1.07 (1.01–1.14) 1.01 (0.85–1.19) 0.98 (0.83–1.17)

Musculoskeletal 57,010 1.07 (1.05–1.09) 1.05 (1.02–1.07) 1.09 (1.03–1.16) 1.05 (0.99–1.11)
 Limb deficiency 6203 0.88 (0.82–0.94) 0.96 (0.90–1.03) 0.93 (0.77–1.13) 1.08 (0.89–1.32)
 Clubfoot 29,192 1.17 (1.14–1.20) 1.11 (1.08–1.14) 1.09 (1.01–1.19) 0.98 (0.90–1.07)
 Congenital hip dislocation 9758 0.94 (0.89–0.99) 0.96 (0.91–1.02) 1.08 (0.93–1.24) 1.13 (0.98–1.30)
 Other 13,532 1.03 (0.99–1.07) 0.99 (0.95–1.04) 1.20 (1.07–1.34) 1.14 (1.02–1.28)

Multiple defects 6730 1.01 (0.96–1.08) 0.97 (0.91–1.04) 1.21 (1.03–1.42) 1.15 (0.98–1.35)

Fig. 1  Proximity to electrical power grids and risk of any birth defect, 
Quebec, 1989–2016. Risk ratio (central bold line) and 95% CI (outer 
bands). Adjusted for maternal age, parity, sex of infant, multiple 
birth, maternal morbidity, rural residence, socioeconomic depriva-
tion, and time period
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suggesting that the results may have been driven by chance. 
Moreover, many of the associations with transformer sta-
tions were not found for transmission lines. These trends per-
sisted whether we expressed proximity to power sources as 
categorical or continuous variables in splines. The findings 
suggest overall that exposure to extremely low frequency 

electromagnetic fields from electrical grids is not a risk fac-
tor for birth defects.

Studies of electromagnetic fields and birth defects date 
from three decades when case–control studies first brought 
to light the possibility of an association. In 1992, a case–con-
trol study of 663 infants with birth defects and 685 controls 

Fig. 2  Proximity to transmission lines and risk of selected birth 
defects, Quebec, 1989–2016. Risk ratio (central bold line) and 95% 
CI (outer bands). Adjusted for maternal age, parity, sex of infant, 

multiple birth, maternal morbidity, rural residence, socioeconomic 
deprivation, and time period
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in the US found no relationship between electric blanket 
and heated waterbed use and the odds of neural tube or oral 
cleft defects [6]. This initial report led to further studies with 
similar designs investigating power lines and risk of birth 
defects [7, 8, 10, 11]. The majority found no association 
but some reported harmful or reduced effects of proximity 

to power lines depending on the type of birth defect [4, 7, 
10]. A Norwegian cohort study of 10,000 infants exposed 
to magnetic fields and 160,000 unexposed infants provided 
conflicting evidence of an association with power lines 
[9]. The investigators reported a lower risk of cardiac and 
respiratory defects and higher risk of esophageal defects. 

Fig. 3  Proximity to transformer stations and risk of selected birth 
defects, Quebec, 1989–2016. Risk ratio (central bold line) and 95% 
CI (outer bands). Adjusted for maternal age, parity, sex of infant, 

multiple birth, maternal comorbidity, rural residence, socioeconomic 
deprivation, and time period



696 N. Auger et al.

1 3

However, magnetic field exposure was estimated using an 
algorithm combining current load, voltage, and distance, and 
exposure was defined at a cut-off of 0.1 µT. Fields levels 
at 0.1 µT are generally considered ambient or background 
exposure [24]. Researchers have shown that magnetic fields 
have to be at least 0.2 µT to be above background [15, 16].

The biological plausibility of extremely low frequency 
electromagnetic fields as a cause of birth defects is uncer-
tain [25]. Epidemiologic studies suggest that electromag-
netic field exposure is associated with spontaneous preg-
nancy loss [26–28]. In a recent study of 149 women who 
donated embryos after pregnancy termination, exposure to 
electromagnetic fields was associated with shorter embryo 
length on ultrasound and cell apoptosis on histology [29]. 
However, experimental studies of nonhuman mammalian 
organisms have failed to find a mutagenic effect of electro-
magnetic fields [25]. In a study with similar findings as ours 
[9], proximity to power transmission lines was associated 
with a lower risk of heart defects, an association that lacks 
biologic plausibility and suggests chance associations. The 
inconsistent pattern of results provides insufficient grounds 
to classify extremely low frequency electromagnetic fields 
as a possible teratogen [3, 25].

Few studies have addressed critical exposure windows 
for birth defects. Organogenesis in humans occurs during 
the first trimester of pregnancy, with different organ sys-
tems having varying periods of susceptibility to teratogenic 
agents [14]. The exposure window for the heart is very 
limited, and teratogens must interrupt cardiac formation 
within 2–8 weeks of conception to have an effect [30]. The 
central nervous system forms over a more extended period, 
although neural tube defects are formed very early. We found 
no association between electromagnetic fields and any kind 
of central nervous system defect. The negative findings 
in our study suggest that the intensity of residential elec-
tromagnetic fields from power grids is too weak to have a 
teratogenic effect on organogenesis in the first trimester. If 
electromagnetic fields do indeed interrupt organogenesis, 
levels stronger than those found in residential settings would 
be required.

While this study is the first to date to examine electro-
magnetic fields from multiple residential sources using a 
population-based design, there are several study limitations 
to be considered. We used proxy indicators of electromag-
netic field exposure and lacked individual measurements of 
exposure in the first trimester. Magnetic fields from occa-
sional use of appliances such electrical blankets or stoves 
are sometimes stronger than levels produced by transmission 
lines and transformer stations. We could not assess magnetic 
field intensity which requires information on height of tow-
ers and electrical load. Future studies using individual meas-
ures of exposure and indicators of magnetic field intensity 
would be valuable. Estimates of distance may be affected 

by nondifferential misclassification which may have diluted 
associations and led to type II error. We measured exposures 
at birth and assumed that women did not move between the 
first trimester and delivery. Exposure may be misclassified 
for women who moved during pregnancy, although moves 
are rare [31]. Similarly, we could not account for exposures 
in occupational or other nonresidential settings. Exposure 
misclassification may be greater in rural areas where postal 
codes are larger, or for postal codes that changed boundaries 
over time.

We cannot account for residual confounding from 
unmeasured maternal characteristics such as smoking, eth-
nicity, family income, and X-ray examinations during preg-
nancy. Furthermore, we lacked data on air pollution and 
cannot rule out residual confounding, although we have no 
reason to suspect that lines and stations overlap with air 
pollutants. We analyzed defects present at time of birth, but 
not anomalies that were discovered later. Approximately 
2–4% of malformations, commonly mild heart defects, are 
detected during childhood [32]. Lastly, our results may not 
be generalizable to countries which have different levels of 
residential electromagnetic fields. Quebec has higher resi-
dential field levels than most Canadian provinces [18].

Conclusion

In this study of more than 2 million newborns, we found no 
association between residential proximity to extremely low 
electromagnetic fields and birth defects. Although we can-
not rule out the possibility of type II error due to exposure 
misclassification, it is highly unlikely that electromagnetic 
fields have anything but a minor effect, if any, on the risk 
of birth defects in the first trimester. In the absence of a 
biologically plausible mechanism, women who reside near 
power grids can be reassured that the risk of birth defects is 
negligible or absent.
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