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A nested case (n=177)-control (n=550) study was conducted to
assess the relationship between clinical mscarriage and magnetic
fields measured 30 weeks after conception. Also, a prospective
sub-study of 219 participants of the same parent cohort was
conducted to determne if prospective exposure results were
simlar to those found for the nested study. Residential
estimates of fields frompower lines (wrecodes), spot mneasures
and three personal netrics, 1) the average difference between
consecutive levels (a rate of change netric), 2) the nmaxi mum
| evel and 3) the tinme weighed average were evaluated. Little
associ ation was found for w recodes and spot neasures. Adjusted
odds ratios and 95% confi dence intervals for the highest to the
| owest quartile conparisons, using the 25'" percentile quartile
as the reference group, were, respectively: 3.08, (1.59-5.95),
2.29 (1.19-4.40), and 1.53 (0.77-3.05) for the rate of change
metric (trend p-value <0.001); 2.30 (1.21-4.36), 1.90 (1.00-
3.51), and 1.44 (0.74-2.80) for the maxi mum val ue (trend p-val ue
<0.001); and 1.68 (0.87-3.23), 1.74 (0.92-3.30), and 1.73 (0.91-
3.26) for the tinme-weighted average (trend p-value 0.17). The
prospective sub-study results were consistent with the nested
study results. Future studies should confirmthese findings and
identify nethods to reduced fields from sources of high, brief

exposur es.
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The initial concern about electric magnetic fields (EMS)
and m scarriage was pronpted by reports of m scarriages anong
wonen who used video display termnals (VDT). Epidem ol ogica
studi es of VDTs, overall, showed no association with m scarriages
(see review papers 1,2). However, nost of these studies did not
assess EMF exposures. The results of two VDT studies (3,4)
designed to assess VDTs as an EMF source was inconsistent. Only
one of these two studi es adequately defined high to | ow exposure
groups (based on | aboratory nmeasures of the VDT) (4). This study
found a clear dose-response. Wnen who used the VDT nodels with
t he hi ghest neasured nagnetic fields had the highest risks (OR
of 3.4, 95% C. 1. of 1.4-8.6).

Several studies assessing electric bed heater use, assuned
to be a source for strong magnetic fields, found positive
associations (5-6). W conducted a study with equivocal findings
(7). These and the VDT studi es used surrogate neasures to assess
magnetic field exposures possibly resulting in lower risks due to
random exposure m scl assification.

Only one nested case-control study used magnetic field
measurenents to estinate a wonan’ s personal exposure (8).

Al t hough based on a small nunber of exposed wonen, they found
that women with pre-clinical pregnancy loss were 5.1 tinmes (95%
C.l1. of 1.0-25) nore likely to have high front door neasures than

wonen who carried their pregnancies to term
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No study to date has directly nmeasured personal EM-
exposures. As a result, we added a nested case-control study
usi ng personal magnetic field (MF) neasurenents to a prospective
study of 3,403 wonen assessing mscarriage and environnental
factors. Cases consisted of all wonmen who had a clinical
m scarri age before 20 weeks gestation. Controls consisted of a
random sanpl e of wonen who had a live birth

The hypot heses were that cases were nore |ikely than
controls to: 1) live near the type of power lines with a high
enough current to potentially emt high magnetic field |levels; 2)
have hi gher residential magnetic field spot neasures, assessed 30
weeks after conception; and 3) have hi gher personal (at home, at
wor k, and outside the work and hone environnments) nmagnetic field
exposures, assessed 30 weeks after conception.

Three personal magnetic field netrics were chosen a priori:
1) the tine-weighted average (TWA) assessing the average nean
val ue wei ghted over tine, 2) a rate of change netric (RCM
assessing the absolute change in field | evel s between successive
10 second sanples (see 9), and the nmaxi mum | evel (Max) assessing
t he hi ghest val ue experienced. Although, the TWA has been the
traditional nmetric in assessing exposure to power |ine frequency
magnetic fields, in the absence of any mechanistic information
the other two nmetrics are considered since they nmay capture

di fferent exposures than that reflected by the TWA
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We assuned that, by using a nested case-control design,
cases and controls would be representing their respective
under | yi ng popul ations. Al so, we assuned that magnetic fields
nmeasured at 30 weeks after conception (after the mi scarriages
occurred) would be simlar to those experienced during the
participant’s first trinmester of pregnancy. To evaluate the
second assunption, we conducted a prospective sub-study to
determne if the associations found between m scarri ages and
per sonal nagnetic fields obtained prospectively were simlar to

t he nested case-control study results.

METHODS
Subj ect recruitnment

Partici pants were selected froma cohort of 3,403 pregnant
wonen in northern California who participated in a |large
prospective interview study designed to exam ne possible
associ ati ons between m scarriages and various environnent al
factors. Eligible participants of this |arge prospective study
were at |east 18 years old, enrolled at 13 weeks gestation or
| ess, Spanish or English speaking, and were nenbers of the Kaiser
Per manent e Medical Care Program at the Fontana, the Santa C ara
and the Wal nut Creek nedical facilities. Details of the parent
prospective study popul ation recruitnment are described el sewhere
(10). The participants for the case-control study and the

prospective sub-study presented in this paper were recruited from
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the Santa C ara and Wal nut Creek Kaiser Permanente facilities as
shown in Figure 1.

For the prospective sub-study, a random sanple of 531
participants fromthe parent prospective cohort was selected. On
a weekly basis, wonmen were recruited around one to two weeks
after they conpleted their prospective study tel ephone
interviews. Recruitnent was between March 1990 and April 1991.
Magnetic field neasurenents were obtained over two peri ods:
around 12 weeks and then again around 30 weeks after conception.
The latter was during the neasurenent period for the nested case-
control study (described below). A total of 219 participants was
recruited (201 eventual controls and 18 eventual cases). O
t hese, 176 (80%, 166 controls and 10 cases, participated in the
second measurenent peri od.

To identify subjects for the nested case-control study,
pregnancy outcome was assessed around 25-30 weeks gestation by
medi cal chart review. Al 328 wonen with a reported niscarriages
(cases) and a random sanpl e of 806 wonmen who were still pregnant
at the time (non-cases, potential controls) were identified by
sanpling on a weekly basis between July, 1990 and Novenber, 1991.
About 51 percent (N=167) of the cases and 48 percent (N=384) of
t he non-cases eventual ly participated; prospective questionnaire
data were available for the non-participants.

A total of 177 cases (51 percent, 177/(18+328)) and 550

controls (55 percent, 550/(201+806)) was in the nested case-
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control study, including those who also participated in the
prospective sub-study. For this paper, only those participants
who did not nove between their first trimester of pregnancy and
the tine the nmeasurenents were obtained (155 cases and 509
controls) were included.

Pregnancy Qutcone

Al'l pregnancy outconmes were confirmed within a year of the
participant’s |ast nmenstrual period by: searching conputerized
hospital records (73 percent); abstracting nedical records (18
percent); or follow up tel ephone interviews, mailed
guestionnaires, or matches to California vital records (8
percent). Less than 1 percent (n=35) of the outcomes fromthe
parent prospective study could not be determ ned.

M scarri ages were defined as pregnancies that ended at 20
weeks gestation or less. Miltiple births were considered as a
si ngl e pregnancy outcone in the analyses. Elective abortions,
ectopic and nol ar pregnanci es were excluded from anal yses.

I nterviews For the Entire Prospective Cohort

Wnen were interviewed by tel ephone during the first
trimester of pregnancy (between 4 and 13 weeks of gestation, on
average about 8 weeks). A standardized conputer-assisted
interview collected information about denographics, reproductive
and nedi cal history, potential confounders for m scarriages, and
vari ous environnental exposures. During the telephone call to

schedul e the later (nested case-control) neasurenent phase, it
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was determned if the participant had noved since her first
trimester of pregnancy.
Resi dential power |ine assessnent

The types of power lines and their proximty to the
partici pants’ hones were evaluated and then classified into the
Wert hei mer and Leeper wire code categories (11). The four
categories were: VHCC, very high current configuration (used to
estimate the highest magnetic field | evels); OHCC, ordinary high
current configuration; OLCC, ordinary |ow current configuration;
and BURI ED, underground lines (used to estimte the | owest
magnetic field levels). Up to three power lines within 150 feet
fromthe participant’s resident were evaluated. For each I|ine,
the shortest distance fromthe line to the property |ine closest
to the home was assessed using a neasurenent wheel or a |ine of
site device for difficult terrain. For apartnents, the distance
was neasured to the nearest boundary wall of the wonmen's unit.
The di stance was cal cul ated as the average of the three different
di stance nmeasures. The power |ine associated with the highest
wire code of was used as the resident's wire code.
Magnetic Field Measures

The EMDEX-C neter (calibrated to nmeasure a frequency range
of 40 to 800 Herz), set on a 10-second sanpling rate, was used
for both the personal and residential spot neasurenents. During
nmeasurenents the nmeter was worn around the waist. For this

paper, the magnetic field is the resultant field of the three
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ort hogonal axes’ root mean square |levels. Neither the field
wor ker nor the participant knew the field | evel s when
measurenents were obtained. The neter displayed mlitary tine
used by the field worker and participant to record the start and
stop tinmes of a neasurenent (a new environnment), as described
bel ow.
To obtai n personal, 24-hour neasurenents, participants of
t he prospective sub-study wore the neter twice, first around 12-
14 weeks gestation and then around 30 weeks gestation for
controls and, on the average, around 22 weeks after their
m scarriages for cases. Participants of the nested case-control
study only wore the nmeter during the |ater neasurenent peri od.
Overni ght exposure in bed was obtained by having the partici pant
pl ace the nmeter in a pouch |ocated m dway on her side of the bed.
Wiile wearing the nmeter, the participant used an activity card to
i ndi cate when she was at hone, at work, outside the home and work
environnments (other), in bed at night, and when the neter was not
worn. She recorded the start time, as displayed on the neter
when she entered a new environment (honme, work, or outside hone
and work). The participants were instructed not to alter their
usual activity routine and to wear the nmeter as much as possi bl e.
For the anal yses, personal exposure was partitioned into:
home (not in bed); bed (overnight bedroom exposure while
sl eeping); total honme (hone plus overnight bed exposure); other

(not in the hone or work environnments); work; and total 24-hour
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(the total 24-hour exposure period). The cal cul ations excl uded
the readings fromthe tinmes the neter was not worn.

Front door neasurenents of one-m nute were obtained during
both the prospective sub-study and nested case-control study
measur enent periods. Residential magnetic field area neasures
were obtained only during the nested case-control study. One-

m nut e readi ngs were taken in the center of the kitchen, living
room and bedroom The same neter that was used to neasure the
partici pant’s personal exposure was al so used to assess her
residential spot measures the day after she wore the neter.
Statistical analyses

For the nested case-control study, cases were conpared to
controls with respect to: 1) residential wire codes; 2) average
residential front door spot nmeasures; 3) average residenti al
i nsi de spot neasures; and 4) personal 24-hour magnetic field
measures, partitioned into those exposures received in bed while
sl eepi ng, at honme awake, at work and away fromthe work and hone
environnments (other). For these, the odds ratios associated with
hi gh magnetic field |evels or wire code classification were
assessed. Potential confounders and nodifiers of the odds ratios
were assessed first by stratified analysis. For this the
exposure was di chotom zed into magnetic field | evels above and
bel ow a defined cut-point. For wire code, each of the overhead
Wi re code categories was conpared to the buried category. For

the residential spot neasurenents and personal TWA neasures, a
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cut-point of 2.0 mlligauss was used. This was the cut-point
used for previously published chil dhood cancer studies (16). For
t he personal RCM and maxi num val ues, the 50'" percentile cut
poi nt was used since the cunul ative distributions of cases were
hi gher than that found for controls at all exposure |levels (see
figures 3-5). For those variables where the odds ratios were
honbgeneous across strata, Mntel-Haenszel (17) analysis was used
to cal cul ate adjusted odds ratios for the assessnent of
conf oundi ng.

Mul tiple logistic regression was used to assess the
i ndependent associ ati ons between magnetic field measurenments and
wire codes and miscarriages. Covariates initially considered
were: nmaternal age, gestation at the tine of the prospective
study phone interview (gestation at interview), prior fetal | oss,
nausea, race, incone, education, body mass index, physical
activity, perception of health, cigarette consunption at
conception, al cohol consunption at conception, coffee and
caf f ei ne consunption at conception, season of magnetic field
nmeasur enent, and Kai ser Pernmanente Medical Care Programfacility.
Variables included in the final |ogistic regression nodels were
t hose variabl es that produced a 10% change in the odds ratio
after the Mantel - Haenszel adjustnent. For the personal nagnetic
field neasure nodels, the variables included were those that
changed the odds ratio for at |east one of the 24-hour

environnments. The final nodel used miscarriage as the dependent
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vari able, and the magnetic field exposures (wre codes, area
nmeasures, and personal neasures) as the independent vari able.
The covariates were maternal age, coffee consunption at
conception, incone, race, and gestation at interview. The total
home, work, and other personal neasure environnents were al so
adj usted for each of the other two environnents.

Mul tiple logistic regression analyses were used to eval uate
ef fect nodification between high magnetic field exposures
(including high wire code) and gestation at interview, incong,
race, and house type. No effect nodification was found.

To eval uate a dose-response, risk was assessed within
guartile exposure categories for each of the personal netrics.
The three upper exposure quartiles were conpared to the | owest
exposure quartile (the reference group).

For the prospective sub-study, the denom nator for
calculating rates of m scarriages included all live births,

m scarriages, and stillbirths. Mscarriage rates for wonmen in
envi ronnments with higher than usual nagnetic fields were conpared
with those of wonen in environments with | ower than usua

magnetic fields for wire codes, personal TWA, personal RCM and
personal maximumlevels (Max). Initially we conpared persons
living in VHCC wire code hones to those living in BURIED wire
code honmes and persons with personal netrics | evels above the

group 50'" percentile value to those with nmeasures below this
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val ue. For the TWA netric, an additional assessnent was done for

a cut point of 2.0 mlligauss.

RESULTS
Nested partici pants versus non-participants

Tabl e 1 conpares the adjusted odds ratios and 95% confi dence
intervals of the relationship between various inportant vari abl es
and m scarriages for the northern California prospective study
participants with the nested case-controls study participants.
The participants of the nested case-control study basically
represent the |arger parent cohort since the overall results were
simlar between the two study groups.
Nested study cases versus controls

Table 2 summarizes the main characteristics that differ
bet ween cases and controls. Conpared to controls, cases were
nore likely to be older, to be interviewed earlier in gestation,
to be categorized as a race other than white and H spanic, not to
consune cigarettes around conception, to have a househol d i ncone
of $50,000 or nore, to reside in a single fanmly home, and to not
experience nausea during their first trimester of pregnancy. The
di stributions of wire code, education, body mass index around
conception, perception of health, physical activity, season of
the magnetic field neasurenent, Kaiser Permanente Medi cal

Program and the known risk factors of prior fetal |oss, and
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al cohol, and coffee consunption around conception were simlar
bet ween cases and control s.
Inter-correlation of the nested study magnetic field exposure
esti mates

Four different nagnetic field exposure estimates (w re code,
personal tine-weighted average (TWA), personal average rate of
change netric (RCM and personal maximum (Max) val ue were
conpared between cases and controls based on the assunption that
they captured different aspects of a person’s magnetic field
exposure. As shown in Figures 5-7, this assunption seens
reasonabl e for the personal neasurenments and wi recodes. Both the
RCM (Figure 6.) and nmaxi num value (Figure 7.) total hone
exposures were not related to wire codes while the TWA (Figure
5.) nmeasurenents were nodestly related. Wile 8.5%of all wonen
had personal home TWAs above 2 nG only 5.8% of wonen |iving next
to underground |ines had personal home readings this high
(p=.04). The personal netrics were correlated with each other,
but not strongly. The highest correl ation was between the
maxi mum val ue and t he RCM neasure (Table 3).
W recodes and m scarriages risk

Only participants’ first trinmester honmes were categorized
into wirecode classifications. Cases were 1.2 (0.7-2.1) times
nore |ikely than controls to live in VHCC hones, but this
associ ation was not statistically significant. Cases and

controls were equally likely to live in OHCC and OLCC hones. The
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results were simlar even after adjusting for maternal age,
gestation at interview, coffee consunption at conception, incone,
and race (Table 4).

To evaluate if recruitnment into the study was associ at ed
with wire code category, wi re code assessnment was obtai ned for
the first trimester homes of 77% of the non-participant cases and
a 15% random sanpl e of the non-participant controls. Unlike the
partici pants, non-participant cases conpared to non-partici pant
controls were less likely to live in any of the overhead wre
code honmes, in particular, VHCC hones (OR of 0.48, 95% Cl of
0.22-1.05). A selection bias may have led to the increased odds
ratio for participants residing in the VHCC wire code hones.

Even with this selection bias, the over all pattern indicated
that wire codes were not significantly associated with

m scarri ages.

Resi denti al spot measurenents and personal tinme wei ghted average
and m scarriage risk

The distributions of personal nagnetic field TWA for the
total 24-hour measurenent period, each of its environnments and
the residential magnetic field spot nmeasures were simlar between
cases and controls. As seen in Figure 2, the cunulative
di stributions of the personal 24-hour TWA for cases and controls
were simlar over the whole range of exposure. Table 5 shows the
crude and adjusted odds ratios for each of the personal nagnetic

field TWA 24-hour environnments and the nmagnetic field residential
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spot neasures along with the median tinme each partici pant spent
in each environment. Cases and controls did not differ with
respect to the time spent in each of the personal 24-hour
environnments. For both the magnetic field personal and
residential nmeasures, a cut-point of 2.0 mlligauss was used to
di stingui sh between high and | ow exposures. Cases were slightly
Il ess likely than controls to have personal TWA exposures above
2.0 mlligauss for the overnight bed, total home, other, and work
environnments. The observed decreases were not significant.

Cases were slightly nore likely than controls to have residenti al
front door neasures and personal honme TWA exposures above 2.0
mlligauss. These increases were also not significant. Cases
and controls were simlar with respect to their residential,

i nsi de spot nmeasurenents and their personal total 24-hour

exposur es.

To eval uate a possi bl e personal 24-hour TWA dose-response,
table 6 conpares the crude and adjusted odds ratios and 95%
confidence intervals by personal 24-hour exposure quartiles,
usi ng measures bel ow the 25'" percentile val ue as the exposure
reference group. For both the crude and adjusted odds ratios, a
trend of progressively higher odds ratios with higher TWA
gquartiles was not observed. However, a nodest step function was
observed; cases were about 1.7 (0.9-3.3) tines nore |likely than
controls to have a personal total 24-hour TWA exposure above 0.72

mlligauss (the 25'" percentile val ue).
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Tabl e 7 shows the adjusted odds ratios and 95% confi dence
interval s for having personal exposures greater than the 50'"
percentile value in at |least two environnents and in one
envi ronnment conpared to having exposures below this value in al
environnments. A trend was observed such that the highest odds
ratio was found for those wonen who had greater than the 50'"
percentile TWA exposures in at |east two environnments (OR of
2.19, 95% Cl of 1.18-4.05).

Average Change Metric (RCM Levels and M scarriage Ri sk

The distributions of personal nagnetic field RCM for the
total 24-hour measurenent period and each of the | ocations were
hi gher for cases conpared to controls. Figure 3 shows higher
personal 24-hour RCM | evels for cases conpared to controls over
the entire range of exposure. As shown in Table 6, and unlike
t he personal TWA results, we observed a trend for progressively
hi gher crude and adjusted odds ratios with higher RCM quartiles,
usi ng measures bel ow the 25'" percentile value as the reference
exposure. Adjusted odds ratios and 95% confi dence intervals for
t he highest quartile in conparison to the |owest quartile,
respectively, were 3.08 who had (1.59-5.95); 2.96 (1.00-8.74);
1.75 (0.07-4.52). This increase was slightly nore pronounced for
wonen who had earlier m scarriages.

As with the TWA, a gradient in mscarriage risk was observed
as the nunber of environnents with exposures at or above the 50'"

percentile | evel increased. Adjusted odds ratio and 95%
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confidence interval for wonen who had RCM | evel s above the 50
percentile value in at |least two environnents, conpared to those
with all environnments with exposures bel ow the 25 percentile

val ue, was 2.38 (1.24-4.59) (Table 7).

Maxi mum Val ue Metric and M scarri age Ri sk

Li ke the personal RCMresults, the distributions of personal
magnetic field maxi mum |l evels for the total 24-hour neasurenent
period and each of its environnments were higher for cases
conpared to controls. Figure 4 shows hi gher personal 24-hour
maxi mum | evel s for cases conpared to controls over the entire
range of exposures. Also, |like the personal RCMresults, a trend
was observed of progressively higher crude and adjusted odds
rati os for higher maxi num val ue quartiles, using exposures bel ow
t he 25'" percentile value as the reference exposure (see Table
6). Adjusted odds ratios and 95% confi dence intervals for the
hi ghest to the | owest quartile conparisons, respectively, were
2.30 (1.21-3.83); 1.90 (1.00-3.51); and 1.44 (0.74-2.80). Like
both the personal TWA and RCMresults, this increased risk was
nor e pronounced for wonmen who had earlier mscarriages.

Li ke both the TWA and RCMresults, a gradient in mscarriage
ri sk was observed as the nunber of environnents with exposures at
or above the 50'" percentile level increased. Adjusted odds
rati o and 95% confi dence interval for wonmen who had RCM | evel s at

above the 50 percentile value in at |east two environnments,
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conpared to those with all environnents with exposures bel ow t he
25 percentile value, was 1.99 (1.29-3.07) (Table 7).
Prospective sub-study results

As with the nested study results, there was no cl ear
associ ation found between wire code and m scarriage (Table 8).
Al so, wonen with personal total 24-hour magnetic field exposure
at or above the 50'" percentile cut-point value for the RCM and
t he maxi num val ue and at or above 2.0 mlligauss for the TWA
metric were about 2 tinmes nore likely to have a m scarriage than
t hose wonen with personal exposures bel ow these val ues. Al though
these increased risks were not significant due to the smal
sanpl e size, they were consistent with the nested study results.

However, unlike the nested study results, the personal hone,
total hone and other TWA magnetic field exposures above 2.0
mlliguass were positively associated with m scarriages. (see
Table 8). These results, assessed early during the analysis
phase, pronpted the funding of a prospective study that,
recently, has been conpleted (14).
DI SCUSSI ON

Personal magnetic field nmaxi num exposures and/ or exposures
with large average di fferences between consecutive |levels (the
RCM are associated with the risk of clinical mscarriages. For
both these netrics a dose-response was observed with an increase
in exposure and with the nunber of daily environments with

exposures above the 50th percentile |evel. The TWA personal
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metric only denonstrated a slight non-significant increase in
risk.

There are a nunber of strengths with this study. First,
anong studies of the relationship of mscarriage and exposures to
el ectric and magnetic fields, this study is the first to evaluate
personal nmagnetic field exposures for three different a prior
summary netrics and for different types of daily environnents (at
home, at work, and outside the work and hone environnent).

Previ ous studies have only assessed indirect or surrogate
exposure estimates such as residential wire codes and self-
reported use of electrical devices (1,2,5-7). These surrogate
measures nmay not reflect a person’s exposure to magnetic fields.

Secondly, the effect of selection bias could be eval uated
since the study was nested within a prospective pregnancy study.
Overall, selection bias appeared to be mnimal except perhaps for
the wire code results. Regardless, the associated odds ratio for
t he hi ghest w recode category, VHCC, was only slightly greater
than 1.0 with a | arge confidence interval including 1.0. Al so,
differential participation as a function of wire code status
woul d not have produced the increased risks observed for the
personal nmagnetic field maxi num val ues and RCM | evel s since these
metrics were not associated with wire code (see Figures 6-7) and
wire code was not strongly associated with m scarriages.

Thirdly, the study was | arge enough to assess all the known

risk factors of m scarriages for confounding and effect
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nodi fication, including physical activity, a variable thought to
be associated with changing or maximumfield | evel s (Dan Bracken,
per sonal conmmunication). W found little or no confounding as
well as effect nodification. Al so, we found that physical
activity was not associated with any of the personal magnetic
field netrics or mscarriages (15).

Finally, we conpared the associations found for the nested
study, using retrospective neasures, with that found for a snal
prospective sub-study where personal exposures were obtained
prospectively. The prospective sub-study personal neasurenent
results, although slightly different than that found for the
nested case-control study, nonethel ess were consistent with the
overall direction of the nested study results.

There are two main limtations to the study. First, as
di scussed above, the magnetic field neasurenents were obtained
nonths after the first trimester and the occurrence of the
m scarriages. Perhaps the behavior and nagnetic fields of wonen
who had a mscarriage were different fromthe very pregnant
controls. The coherence of the results between the nested case-
control study and the prospective sub-study argues somewhat
against this. W found that the correlation between early and
| at er personal mneasurenents was noderate to poor, but this should
be cautiously interpreted since repeated neasures were conducted
only for a small sanple of wonen consisting of only 10 wonen with

a mscarriage.
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And secondly, we obtai ned personal nagnetic field nmeasures
for only 50% of the parent cohort participants who were recruited
for the nested case-control study. This could result in
selection bias if participation was differential with respect to
exposure status. Wile there was evidence of only a weak
sel ection bias with respect to wire code, we cannot rule out the
possibility of a selection bias for the personal RCM and maxi mum
| evel s. However this would require that subjects would be aware
of sources of brief high fields and that cases and controls would
differentially enter the study on the basis of this exposure.

The coherent results of the prospective study argue sonewhat
agai nst this.

These findings are inconsistent with the results of
publ i shed papers. Mechanistic and ani mal studies predom nantly
do not support an association of electric and magnetic fields and
m scarriages (16). A nunber of |aboratory studies have reported
alterations in the devel opnment of chick enbryos exposed to EMF
(17-20).

Al so, the nested study results are inconsistent with the
results of our electric blanket and m scarriage study where we
found that, overall, a decreased risk of m scarriages was
associated with electric blanket use during the first trinmester
of pregnancy (7). The participants of both studies were derived
fromthe same parent, prospective cohort. In this study we found

hi gher than background RCM | evels for electric blankets that were
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on during the night regardl ess of blanket setting. This was

mai nly for locations directly under (i.e. body surface position)
to 10 cmunder the blanket (i.e. uterus position). RCMIevels
were simlar to background levels for areas 10 cmaway for the
edge of the blanket (i.e. retina position). Gven this, and the
findings of the nested study, one would expect that reported use
of electric blankets during the first trinester of pregnancy
woul d be positively associated with m scarriages, especially if
the target organ for exposure was the uterus. |If the target
organ for exposure were the retina, we would expect no

associ ation of mscarriage anong el ectric bl anket users. Perhaps
the inconsistency is due to the fact that the majority of

el ectric bl anket users kept their blankets on | ow settings for
nost of the night and at this setting, blankets may not have
cycled (or stopped cycling) thereby emitting no or little
magnetic fields. Hence, reported use of electric bl ankets may
not reflect high nighttime exposure to magnetic fields.

And finally, the nested study results for the magnetic field
front door spot measures are inconsistent with the findings of
Juutil ainen and coworkers (8) where they found a 5 fold increased
risk of pre-clinical mscarriages anong wonen who had front door
measures above 3.0 nG  Perhaps risk of nmagnetic fields spot
nmeasures are easier to detect for unrecognized m scarriages than
recogni zed m scarriages; our study only assessed clinically

recogni zed m scarriages. O, perhaps front door neasures taken
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closer to the critical exposure period reflect a woman’s first
trimester nmagnetic field exposure nore so than nmeasures obtai ned
sone time after this. This is a possibility since the
prospective sub-study’s front door spot neasurenent results were
somewhat consistent with the findings of Juutilainen and

cowor kers.

The personal magnetic field RCM and maxi mum val ues were
| onest for overnight periods and hi ghest for work environnments.

H gh RCM val ues and maxi num | evel s were not associated with
proximty to power lines, which we assessed through the wire
code. Interestingly, there are no published studies to date that
have quantified the sources for these types of brief high

exposur es.

About 75% of our participants experienced a personal maxi num
field exposure above 14 nG or an average change in fields (RCM
above 0.42 nG at | east once during the 24-hour neasurenent
period. An odds ratio of about 2.0 nG was found for these netric
val ues or higher. Hence, if these exposures are causal, they
coul d account four about 30% of the background rate of
m scarriages. |If these metric values were |lowered to bel ow the
25'" percentile levels, the rate of miscarriage in our study
woul d be reduced from10%to 7% A gradual increase in the rate
of clinically recognized mi scarriages from7%to 10% w th an
increase in electricity use through the years may not have been

detected. This is because niscarriages are not routinely
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noni tored, an increase in exposure would have only gradually
occurred in any one |l ocation overtinme and there has been a
concomtant increase in inproved prenatal care overtine.

The prelimnary TWA results of the prospective sub-study inpelled
the California Electric and Magnetic Fields Programto fund a
prospective study of personal magnetic field exposure and

m scarriage. The results of that study by Li et al are reported
el sewhere (20). Interestingly, the authors analyzed the ful
range of exposure to Maxi mum magnetic fields and found an
association with mscarriage above the 25th percentile. W had
not picked this up in our prelimnary analyses. Thus the findings
reported here in data collected in the early 1990s serve as a

confirmation of the results of Li et al.
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TABLE 1. Comparison of Adjusted* Odd Ratios (OR) and 95% Confidence Interval (CI) for Miscarriage and Important
Variables between Nested Case-Control Participants and the Parent Northern California Prospective Cohort.

Variable*

Prospective Cohort

N = 3403

Nested Cohort

N = 664

OR (95% Cl)

OR (95% Cl)

Maternal Age (years)

Gestation at interview (week)

Prior Fetal Loss

Race 1

Race 2

Cigarette Consumption at LMP
Alcohol Consumption at LMP

Coffee Consumption at LMP

Body Mass Index 1
Body Mass Index 2

Income

House Type**

Wire Code **

<35, 35+

<8, 8+

No, Yes

Other vs. White
Hispanic vs. White
No, Yes

No, Yes

No, Yes

Thin vs. Avg
Heavy vs. Avg

<$50,000,
$50,000+

Single vs. Other

Vhece vs. Other

1.85 (1.10 - 3.05)
1.02 (.68 - 1.54)
0.87 (.54 - 1.39)
2.08 (1.11-3.92)
0.94 (.47 - 1.86)
0.71 (.39 - 1.29)
0.73 (.47 - 1.14)
1.19 (0.74 - 1.91)
1.08 (0.66 - 1.75)
0.84 (0.49 - 1.44)

0.79 (0.49 - 1.77)

0.93 (0.49 - 1.77)

1.24 (0.71 - 2.19)

2.25(1.62 - 3.12)
1.35 (1.05 - 1.75)
1.07 (0.79 - 1.44)
1.42 (1.02 - 1.97)
1.00 (0.66 - 1.51)
1.11(0.79 - 1.55)
0.87 (0.66 - 1.14)
1.19 (0.89 - 1.61)
1.03(0.77 - 1.38)
0.83 (0.59 - 1.18)

0.95 (0.72 - 1.24)

0.74 (0.53 - 1.05)

1.02 (0.66 - 1.56)

* Adjusted for all other variables excluding house type and wire code.
** Information about house type and wire code was obtained for all of the nested participants but only for a 15% random

sample of the prospective cohort; adjusted for all other variables including house type and wire code.
Abbreviation: N = number, LMP = last menstrual period.
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TABLE 2. Comparison of Variables that are Different Between Cases and Controls **.

Variable* Case Control
N % N % p-value

Maternal Age (years)
<30 121 78.1 438 86.1 0.02
35+ 34 21.9 71 13.9

Gestation at interview(weeks)

upto 6 49 31.6 141 27.7 0.04
6 - <10 92 59.4 280 55.0
10+ 14 9.0 88 17.3

Race
White 114 73.4 402 79.0 0.00
Hispanic 13 8.4 67 13.2
Other 28 18.1 40 7.8

Cigarette Consumption Around Conception

No 137 88.4 414 81.3 0.04
Yes 18 11.6 95 18.7

Income
< $50,000 35 22.9 147 29.2 0.13
$50,000 + 118 77.1 356 70.8

House Type
Single Family Home 116 74.8 335 65.8 0.05
Apartment 20 12.9 109 214
Other 19 12.3 65 12.8

Nausea During First Trimester
Yes 99 63.9 415 815 0.00
No 56 36.1 94 18.5

* Numbers of some variables do not total because of missing data.
** Cases and controls who did not move since their first trimester.
Abbreviation: N = number, % = percent.
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TABLE 3. Person’s Correlation Coefficients (r) Comparing the Relatedness of the Three Personal Magnetic Field Total 24-
hour Exposure Metrics for Nested Participants.

Metric Comparison

r

N=614
LogTWA vs. LogMax 0.44
LogTWA vs. RCM 0.49
LogMax vs. RCM 0.62
TWA vs Max 0.86
TWA vs RCM 0.78
Max vs RCM 0.96

Abbreviations: TWA = time weighted average, Max = maximum value, RCM = rate of change metric, Log TWA = log of the

time-weighted average, LogMax = log of the maximum field value, N = number.

Table 4. Odd Ratios (OR) and 95% Confidence Interval (CI) for the Association Between Miscarriages and Wire Code

Category.
Participants* Non-Participants*

Crude Adjusted** Crude Het.***
Wircode N % OR (95% ClI) OR (95% ClI) N % OR (95% CI)  p-value
Vhee
Case 26 152 1.21(0.71-2.07) 1.27(0.74-2.20) 9 7.4  0.48(0.22-1.05) 0.05
Control 68 12.6 48 121
Ohcc
Case 35 20.5 0.87(0.55-1.40) 0.94 (0.58-1.51) 23 18.6 0.72(0.41-1.24) 0.59
Control 127 234 82 20.7
Olcc
Case 46 26.9 1.01(0.66-1.57) 1.01(0.65-1.57) 32 25.8 0.72(0.44-1.18) 0.32
Control 144 26.8 113 285
Buried
Case 64 374 1.00 1.00 60 48.4 1.00
Control 203 375 153 38.6

* For first trimester homes only.

** Adjusted for maternal age, gestation at interview, coffee consumption at conception, income, and race.
*** Chi-square for heterogeneity p-value comparing nested participants to non-participants.
Abbreviations: N = number, % = percent.
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Table 5. Odd Ratios (OR) and 95% Confidence Interval (Cl) of Magnetic Field Personal Time-Weighted Average and
Average Home Spot Measures by Area Location.

N Median Time % Above Crude OR Adjusted**OR
(hours) 2.0mG (95% CI) (95% CI)

Bed
Cases 136 8.8 5.9 0.71 (0.32-1.55) 0.62 (0.20-1.95)
Controls 494 9.0 8.1

Home
Cases 131 6.0 7.6 0.99 (0.56-1.76) 1.42 (0.51-4.00)
Controls 481 7.0 1.7

Total Home
Cases 131 14.7 5.3 0.58 (0.25-1.31) 0.84 (0.20-3.54)
Controls 482 16.6 8.9

Other
Cases 127 2.7 7.9 0.88 (0.43-1.81) 0.87 (0.29-2.61)
Controls 440 2.5 8.9

Work
Cases 82 7.6 17.1 0.8 (0.42-1.54) 0.71(0.33-1.51)
Controls 239 7.6 20.5

Total 24-hour
Cases 131 23.3 9.9 1.02 (0.54-1.95) 0.97 (0.45-2.10)
Controls 483 23.2 9.7

Front Door Spot
Cases 155 1 minute 9.1 1.28 (0.67-2.45) 1.22 (0.60-2.49)
Controls 501 1 minute 7.2

Inside Spots
Cases 155 4 minutes 7.7 1.33 (0.66-2.67) 1.05 (0.51-2.19)
Controls 506 4 minutes 5.9

*Nested Participants who reside in their first trimester house at the time of measurements.

**Adjusted for: maternal age, gestation at interview, coffee consumption around conception, income, race, and area location.
Abbreviation: N = number, % = percent, mG = milligauss.

Cutpoint = 2.0 milligauss.
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Table 6. Odds Ratio (OR) and 95% Confidence Interval (Cl) of the Association Between Total 24-hour Personal Magnetic
Field Time Weighted-Average (TWA), Rate of Change Metric (RCM), Maximum (Max.) Value and Miscarriage by Quartiles.

Time Weighted Average (mG)

Crude OR Adjusted OR*
TWA Value Number  Percent (95% ClI) (95% ClI)
1.28 + Case 35 26.7 1.59 (0.89-2.84) 1.68 (0.87-3.23)
Control 123 25.5
0.93-<1.28 Case 37 28.2 1.75(0.98-3.12) 1.74 (0.92-3.30
Control 114 23.6
0.72-<0.93 Case 36 275 1.53 (0.86-2.75) 1.73 (0.91-3.26)
Control 122 25.3
<0.72 Case 23 17.6 1.00 1.00
Control 124 25.7
c2Trend
p-value 0.17
Rate Change Metric (mG)
RCM Value
0.94+ Case 46 35.1 3.25 (1.76-6.00) 3.08 (1.59-5.95)
Control 109 225
0.62-<0.94 Case 37 28.2 2.42 (1.29-4.52) 2.29 (1.19-4.40)
Control 118 24.4
0.43-<0.62 Case 31 23.7 1.90 (1.0-3.60) 1.53 (0.768-3.05)
Control 126 26.0
<0.43 Case 17 13.0 1.00 1.00
Control 131 23.8
c2Trend
p-value 0.00
Maximum Value (mG)
Max Value
35.05+ Case 39 29.8 2.13(1.18-3.83) 2.30 (1.21-4.36)
Control 115 23.8
23.42-<35.05 Case 38 29.0 2.08 (1.15-3.37) 1.90 (1.00-3.51)
Control 115 23.8
14.31-<23.43 Case 33 25.2 1.71(0.94-3.12) 1.44 (0.74-2.80)
Control 121 25.1
<14.31 Case 21 16.0 1.00 1.00
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Control 132 23.8
c2Trend
p-value 0.00

* Adjusted for: maternal age, interview at gestation, coffee consumption at conception, income, and race.
*** mG between 10 second samples.
Abbreviations: mG = milligauss.
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Table 7. Crude and Adjusted Odds Ratio (OR) and 95% Confidence Intervals (C.I.) of Miscarriage and Personal Magnetic Field Exposure by Number of Area Location at or above
the 50t percentile Cutpoint Exposure Value by Exposure Metric.

Max Value (cutpoint=23.43)

RCM Value (cutpoint=0.62)

TWA (cutpoint=0.93)

% OR (95% C.I.) N % OR (95% C.l.) N % OR (95% C.I.)
At or Above in Any Two
Environments
Case 17.6% Crude 3.10(1.62-5.92) 70 53.4% Crude 2.42 (1.28-4.60) 79 60.3% Crude  2.04 (1.13-3.67)
Control 6.8% Adjusted  1.99(1.29-3.07) 211 43.7% Adjusted 2.38 (1.24-4.59) 235 48.7%  Adjusted  2.19(1.18-4.05)
At or Above in Any One
Environment
Case 40.5% Crude 1.32(0.87-2.01) 48 36.6% Crude 1.98 (1.02-3.84) 36 27.5% Crude  1.45(0.76-2.75)
Control 39.5% Adjusted  1.44 (0.95-2.19) 177 36.7% Adjusted 1.81 (0.98-3.33) 151 31.3% Adjusted  1.47(0.76-2.84)
All Below
Case 42.0% 1.00 13 9.9% 1.00 16 12.2% 1.00
Control 53.7% 95 19.7% 97 20.1%
Chi-square for trend p-value 0.000 0.008 0.010

Max = Maximum value, RCM = Rate of change metric, TWA = Time weighted average, N = Number of subjects, % = percent.
Adjusted for: Maternal age, interview at gestation, coffee consumption at conception, income, and race.
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Table 8. Relative Risk (RR) and 95% Confidence Interval (Cl) Assessing the Association of Wire Code,
Front Door Magnetic Field Spot and Personal Magnetic Field TWA, RCM, and Max Value for Prospective Sub-
study Participants.

N %SAB  RR (95%Cl)

Wire-Code
Vhee 18 0.0 -- (p=0.58%)
Ohce 59 8.5 1.3 (0.39-0.42)
Olcc 61 9.8 1.5 (0.48-4.67)
Buried 76 6.6 1.0

Front Door Spot (mG)
2.0+ 14 21.4 3.1(1.0-9.7)
<2.0 188 8.0 1.0

TWA (mG)

Bed
2.0+ 20 15.0 2.1 (0.66-6.73)
<2.0 197 7.1 1.0

Home
2.0+ 22 18.2 2.7 (0.97-7.64)
<2.0 195 6.7

Total Home
2.0+ 20 20.0 3.0 (1.09-8.42)
<2.0 197 6.6 1.0

Other
2.0+ 15 26.7 4.2 (1.54-11.44)
<2.0 189 6.4 1.0

Work
2.0+ 26 0.0 -- (p=0.13%
<2.0 122 10.7

Total 24-hour
2.0+ 22 13.6 1.9 (0.59-6.10)
<2.0 195 7.2 1.0

RCM, Total 24-hr (mG**)

50th% cutpoint
0.69 + 108 111 2.4 (0.88-6.64)
<0.69 109 4.6 1.0

Max, Total 24-hr (mG)

50th% cutpoint
26.85+ 109 11.0 2.6 (0.87-7.5)
<26.85 108 4.6 1.0

*Fisher's exact test, 2-tailed.

** Difference between 10 second samples.

Abbreviations: SAB = Miscarriage, TWA=Time Weighted-Average, RCM=Rate of Change Metric, Max=Maximum
Value, mG = milligauss, s = second.
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