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Magnetic Fields of Transmission Lines and Depression

Pia K. Verkasalo,1 Jaakko Kaprio,1 Jyrki Varjonen,1 Kalle Romanov,1 Kauko Heikkila,1 and
Markku Koskenvuo2

Electromagnetic fields have been suggested to contribute to the risk of depression by causing pineal
dysfunction. Some epidemiologic studies have supported this possibility but have generally reported
crude methods of exposure assessment and nonsystematic evaluation of depression. Using two available
nationwide data sets, the authors identified from the Finnish Twin Cohort Study 12,063 persons who had
answered the 21-item Beck Depression Inventory of self-rated depressive symptoms in 1990. The
personal 20-year histories of exposure (i.e., distance and calculated annual average magnetic fields)
before 1990 to overhead 110- to 400-kv power lines were obtained from the Finnish Transmission Line
Cohort Study. The adjusted mean Beck Depression Inventory scores did not differ by exposure, providing
some assurance that proximity to high-voltage transmission lines is not associated with changes within
the common range of depressive symptoms. However, the risk of severe depression was increased
4.7-fold (95% confidence interval 1.70-13.3) among subjects living within 100 m of a high-voltage power
line. This finding was based on small numbers. The authors recommend that attempts be made to strive
for a better understanding of the exposure characteristics in relation to the onset and course of
depression. Am J Epidemiol 1997;146:1037-45.
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Depression results from a complicated interaction of
biologic (1) and psychosocial factors (2, 3), possibly
involving disruption of circadian rhythms (4). In 1988,
Wilson (5) suggested that long-term exposure to ex-
tremely low-frequency magnetic fields, based on both
experimental and epidemiologic observations, may
cause pineal dysfunction in humans (including altered
melatonin rhythms) that may, in turn, contribute to the
onset of depression or exacerbate existing depressive
disorders. The neurobehavioral effects of power-
frequency magnetic fields have been reviewed in de-
tail elsewhere (6).

The early epidemiologic studies on magnetic fields
and depression and/or suicide (7-11), published in the
1980s, showed somewhat increased relative risks but
shared a number of methodological problems includ-
ing the lack of a standard measure for depressive
symptoms, a lack of control for possible confounding,
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and a crude method for exposure assessment. The two
more sophisticated studies (12, 13) employed a stan-
dardized measure for depressive symptoms and an
improved control for confounding; the secondary ex-
posure assessment in both studies was, however, based
solely on proximity to power lines with no attempt for
additional quantification of exposure. The first study
(12) found an odds ratio (OR) of 2.8 (95 percent
confidence interval (Cl) 1.6-5.1) for depression,
whereas the other (13) observed no significant differ-
ence in the depression scores between the exposed and
nonexposed group. In one very recent study (14),
living within 100 m of high-voltage power lines was
linked to an increased risk of depression in mothers
before and after giving birth. In another recent study
(15), the risk for depression among electricians was
increased twofold, whereas electrical workers in ag-
gregate showed little evidence of an increase in risk.

We combined data from two nationwide studies
that provided readily available information on de-
pression, residential magnetic fields of transmission
lines, and demographic characteristics. The purpose
of our study was to investigate the hypothetical
relation between 50-Hz magnetic fields of overhead
110- to 400-kv power lines and self-rated depression
in Finland.
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MATERIALS AND METHODS

Finnish Twin Cohort Study

The data for the present study were obtained from
two nationwide, population-based studies: the Finnish
Twin Cohort Study and the Finnish Transmission Line
Study. The Finnish Twin Cohort Study is a genetic
epidemiologic project for the study of genetic and
environmental determinants of chronic disease. The
older part of the cohort, used in this paper as a sample
of individuals, was compiled from the Central Popu-
lation Registry of Finnish citizens in 1974. It consists
of all same-sex pairs born before 1958 with both
members of a pair alive in 1967. The selection proce-
dures, determination of twinship, and assessment of
representativeness are described in detail elsewhere
(16, 17). The twins were mailed a baseline question-
naire in 1975, and the response rate to the question-
naire was 89 percent. The social class, educational
level, and marital status distributions of the twins were
found to be very comparable with the Finnish popu-
lation as a whole.

A follow-up study of these twins was carried out in
1990, when a questionnaire was mailed to the twins
born between 1930 and 1957 belonging to pairs with
both twins alive in 1987 (18). The questionnaire con-
tained 102 health-related questions or scales, among
them the 21-item Beck Depression Inventory (BDI)
(19-21), which had an individual response rate of 77.5
percent (22). Those who completed fewer than 19
items on the BDI (n = 400) were excluded from the
present study. For the remainder (n = 12,063), miss-
ing values were replaced by the mean value of the
subjects' other items, and the final sums were calcu-
lated to be used in the present study. Subjects were
aged 33-60 years at the time of testing.

The BDI instructions asked the subjects to describe
themselves presently ("right now") on a scale that
provided four alternatives. The 21 symptoms and at-
titudes were mood, pessimism, sense of failure, lack of
satisfaction, guilt feelings, sense of punishment, self-
dislike, self-accusation, suicidal wishes, crying, irrita-
bility, social withdrawal, indecisiveness, distortion of
body image, work inhibition, sleep disturbance, fa-
tigue, loss of appetite, weight loss, somatic preoccu-
pation, and loss of libido. Each could be rated from 0
to 3 in terms of intensity, resulting in a total BDI score
between 0 and 63. Although the mean BDI scores in a
recent Finnish population study (also based on the
Finnish Twin Cohort) (21) were 4.52 (95 percent CI
4.38-4.66) for men and 5.75 (95 percent CI 5.61-
5.89) for women, the cutoff scores of 10, 19, and 30
have been recommended by the US Center for Cog-
nitive Therapy (20) to distinguish between none or

minimal (BDI < 10), mild to moderate (BDI 10-18),
moderate to severe (BDI 19-29), and severe (BDI >
30) forms of depression.

The Finnish Twin Cohort data from the 1990 health
questionnaire was also used for the assessments of
social support and stressful life events. First, social
support was measured with five questions, three of
which assessed the quantity of social support on a
six-category scale (scale I), and two dichotomous
questions assessed the quality of social support (scale
II). The three quantitative questions asked the numbers
of the subjects' weekly contacts, good friends possibly
paying a visit without prior notice, and family mem-
bers and others with whom they spoke openly. The
two qualitative questions were based on the subjects'
personal experience of their human relationships and
asked whether the respondent possessed a good friend
capable of giving support and whether he or she had
anyone around for sharing deepest feelings and confi-
dences. Both scales of social support were indepen-
dently associated with BDI scores.

As for stressful life events, the subjects were asked
whether the following life events had happened: death
of a spouse, death of a friend, poor health of a family
member, sexual problems, divorce or legal separation,
troubles in other human relationships, considerable
interpersonal conflicts at work, loss of a job, serious
economic problems, serious personal health problems,
considerable conflicts with spouse, and any other se-
rious problem. The subjects were also asked to indi-
cate when those life events had happened: during the
last 6 months, during the last 5 years, earlier, or never. A
sum variable of stressful life events was calculated with
scores of 4, 2, 1, and 0 for the respective categories.

A nationwide hospital discharge registry has been
kept in Finland by the National Board of Health since
1969. It covers all discharges of inpatients from hos-
pitals in Finland. The doctors treating the respective
patients have assigned the discharge diagnoses accord-
ing to the Finnish version of the International Classi-
fication of Diseases, Eighth Revision, through 1986,
and thereafter the Ninth Revision. Up to four different
diagnoses are listed per patient at each discharge. The
data on psychiatric diagnoses (ICD-9 rubrics 290-
301) for 1972-1995 were linked to the twin cohort
using the unique identification number assigned to
each Finnish citizen. The reliability of the nationwide
hospital discharge registry of Finland has been consid-
ered satisfactory for epidemiologic purposes (23, 24).

Finnish Transmission Line Cohort Study

The Finnish Transmission Line Cohort Study in-
cludes long-term information on residential magnetic
field exposures of the 384,000 people (more than 6
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percent of the total Finnish population) who have lived
any period of time between 1970 and 1989 within
500 m of overhead power lines of 110-400 kv in
magnetic fields calculated to be >0.01 jxT (25). The
cohort's coverage can be estimated to be close to 90
percent of all Finnish people. The compilation of per-
sonal exposure histories was based on the Central
Population Register, which provided the dates of mov-
ing in and out of every residence in 1984-1989, along
with a maximum of two addresses before 1984. The
shortest distances between the center of each residen-
tial building and each overhead power line up to 500 m
away were measured from topographical maps of Fin-
land (scale 1:20,000) for each of the years from 1970
to 1989; the annual average magnetic fields (in /AT) for
each building were calculated, successively taking into
account current, typical locations of phase conductors
in power lines and distance. The exposure assessment
and applications of the Transmission Line Cohort have
been extensively described elsewhere (25-29).

The Transmission Line Cohort was combined with
the Twin Cohort using the respondents' personal iden-
tification numbers, which are unique for every resident
of Finland. The former provided the exposure data of
the present study, and the latter, its outcome and
covariate data. The members of the Twin Cohort who
were not included in the nationwide Transmission
Line Cohort (i.e., including everyone living in the
vicinity of high-voltage power lines in Finland in
1970-1989) were presumed to have minimal exposure
to the residential magnetic fields of high-voltage
power lines.

Data analyses and statistical methods

Although the study population consisted of twins,
the analyses disregarded their twinship and considered
them as individuals drawn from the population. This
procedure has been used in earlier analyses of individ-
uals of the twin cohort (30, 31), and inferences from
epidemiologic analysis of twins considered as individ-
uals are comparable with those based on singletons
from the general population. However, the lack of
independence among observations involving some
twin pairs would actually make the effective sample
size slightly smaller than what is reported, thus mak-
ing the actual variance slightly larger and CIs slightly
wider than what is reported under the assumption of
independence.

There is no reason to believe that the residential
history of adult twins is different from that of other
adults in the population. Less than 10 percent of twins
lived together in 1981 (32). The mean BDI scores did
not differ by zygosity for either sex. Also, the mean
scores of twins from pairs in which both responded did

not differ from the mean scores of twins from pairs in
which only one responded.

The exposure measures used in the statistical anal-
yses included, in addition to the mean distance and
average magnetic field of each calendar year, the mean
distance over the entire period for which the subjects
lived within 500 m of the lines as well as cumulative
exposure to magnetic fields during 1970-1989 (in
/xT-years), the latter being calculated as the sum of the
products of magnitude and duration of magnetic field
exposure.

Two statistical approaches were applied to investi-
gate the relation between depression and power lines.
First, the mean BDI scores were calculated for each
exposure category to assess the transmission line ef-
fects on depressiveness at levels commonly encoun-
tered in the general population. Second, the cutoff
scores of 10, 19, and 30 were applied in the analyses
to study power line effects on mild to severe forms of
depression.

In the analyses of mean BDI scores, we used anal-
ysis of covariance models (SAS, PROC GLM) to take
simultaneously into account exposure (cutoff points of
50, 100, 200, and 500 m for distance; 0.01, 0.10, and
0.20 /xT for magnetic field; and 0.01, 0.25, 0.50, and
1.00 jiT-years for cumulative exposure to magnetic
fields), BDI score, and confounding variables. The
covariate-adjusted means and standard deviations of
the BDI score in each exposure category were esti-
mated from models with exposure, sex (men, women),
age (continuous), social class (white collar, blue col-
lar, farmer, unknown), education (primary, secondary,
tertiary), marital status (unmarried, married, divorced,
widowed), working outside the home (yes, no), regular
day work (yes, no), engaged in salaried work (yes, no),
current smoking status (never smoked, occasional
smoking, former smoker, current smoker), presence of
heavy drinking (i.e., a bottle of wine or its equivalent
during a single occasion at least once a month or more
often: yes, no), number of alcohol-related pass-outs
during the past year (never, once, more often), life
events scale (very low: <2 points, low: 2-4 points,
high: 5-7 points, very high: ^ 8 points), social support
scale I (very low: <9 points, low : 9-10 points, high:
11-13 points, very high: ^14 points), and social sup-
port scale II (low: <2 points, intermediate: 3 points,
high: 4 points). Respective models were also fitted
separately for men and women. The significance of a
variable was assessed by a partial sum of squares F
test; the criterion of statistical significance was set at
the 5 percent level. Differences in the two-dimensional
contingency tables were tested for statistical signifi-
cance using the Pearson chi-square test.
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In the analyses of a series of BDI strata ("no de-
pression" (BDI < 10), "mild depression" (BDI 10-
18), "moderate depression" (BDI 19-29),"severe de-
pression" (BDI S: 30)), we obtained the relative risk
estimates by calculating the odds ratios (ORs) of de-
pression using exposure estimates with previously
shown exposure cutoff points. The random variability
was assessed by exact 95 percent CIs.

RESULTS

A sample of 5,512 men and 6,551 women were
included in the present study. The proportion of study
subjects included in the original transmission line co-
hort was 4.4 percent (i.e., (42 + 127 +362)/12,063))
(table 1). In 1989, 1.4 percent (n = 169) of the
subjects compared with 1.5 percent (n = 58,000) of all
Finnish people (n = 5 million) lived closer than 100 m
from the lines; 0.3 percent {n = 33) of the subjects
compared with a similar 0.3 percent (n = 15,600) of
all Finnish people had an annual average magnetic
field of ^0.10 /xT. (These estimates are based on
previously published figures on transmission-line ex-
posures in all of Finland (29).)

The response rates to the 1990 health questionnaire
were somewhat higher among those living closer to
the lines, the actual rates being 77, 74, 79, 80, and 83
percent for distances of >500, 200-500, 100-199,
50-99, and <50 m from the nearest high-voltage
power line, respectively. As for the characteristics of
the study subjects, those living within the 500-m cor-
ridor around the transmission lines appear to be rela-
tively similar to those living outside the corridor (table
1). The two-dimensional contingency tables reveal
neither major nor statistically significant (a = 0.05)
differences by distance, the only exception being the
slightly higher proportion of salaried workers among
those living within 100 m of the lines {p = 0.03).

As for self-rated depressiveness, the covariate-
adjusted means of BDI were 5.30, 5.27,4.95,5.08, and
4.20 in all study subjects by increasing cumulative
exposure (nonsignificant) (table 2). The corresponding
mean BDIs were lower for men (4.61, 4.91,4.68,4.04,
and 4.53) than for women (5.86, 5.50, 5.19, 6.03, and
3.47). The results for distance and magnetic field in
1989 and mean distance in 1970-1989 were essen-
tially the same as the results for cumulative exposure.

Of all the subjects, 10,043 (83 percent) experienced
hardly any symptoms of depression (BDI < 10), 1,623
(13 percent) were mildly depressed (BDI 10-18), 338
(3 percent) moderately depressed (BDI 19-29), and 59
(0.5 percent) severely depressed (BDI > 30) (table 3).

In table 4, the crude ORs by exposure and degree of
depression are presented. The ORs for depression
among those living within 100 m of a transmission line

were 0.62 (95 percent CI 0.37-1.07), 0.60 (0.19-
1.89), and 4.74 (1.70—13.3) by increasing severity of
depressive symptoms, when compared with those liv-
ing outside the 500-m corridor. The corresponding OR
for severe depression was 3.17 (95 percent CI 0.76-
13) for those living in the distance of 50-99 m of a
line and 9.42 (95 percent CI 2.22-40) for those living
within 50 m. The OR for severe depression in those
with a magnetic field of >0.10 juT was 15.3 (95
percent CI 3.52-66.5). When applying the higher cut-
off point of 0.2 /xT, no cases of depression (i.e., with
BDI > 10) appeared in the highest exposure category.

The increased ORs for severe depression were due
to only four women: 1) a 36-year-old dizygous twin
woman who had lived since 1983 within 47 m of a
110-kv power line with a magnetic field in 1989 of
0.17 /xT and who had a BDI score of 31; 2) a 40-year-
old dizygous woman who had lived since 1987 within
66 m of a 110-kv power line with a magnetic field in
1989 of 0.01 juT and who also had a BDI score of 31;
3) a 49-year-old dizygous woman who had lived since
1983 within 91 m of a 110-kv power line with a
magnetic field in 1989 of 0.01 /xT and who also had a
BDI score of 31; and 4) a 60-year-old monozygous
twin woman who had lived since 1970 within 43 m of
a 110-kv power line with a magnetic field in 1989 of
0.11 /xT and who had a BDI score of 32. None of these
women nor their twin sisters had been hospitalized for
a mental disorder, according to the hospital discharge
register.

In addition, we attempted to analyze the risk of
severe depression using each of the exposure estimates
for 1970-1989 separately. The crude ORs were be-
tween 5.49 (in 1981) and 43 (in 1970-1971) for dis-
tances within 50 m. However, these findings were
mostly due to only one 60-year-old woman.

DISCUSSION

The present study is the only nationwide,
population-based study on the association of depres-
sion and power lines/magnetic fields. In contrast to the
first generation of relevant studies (7-11), we em-
ployed a systematic measure for depression, controlled
for several potential confounders, and estimated the
average residential magnetic field level in addition to
the distance from the nearest power line.

The rationale of the present study is based on the
presumption that high-voltage power lines provide a
relatively stable and, in some cases, a dominating
exposure source. One exposure-related limitation of
the present study is, however, the relatively low levels
of power line-generated magnetic field exposures. Al-
though the baseline levels at typical Finnish homes
rarely exceed 0.1 /xT (33), the 50th percentile of the
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TABLE 1. Characteristics of study subjects by distance to the nearest high voltage power line in 1989,
based on data from the Finnish Twin Cohort Study and the Finnish Transmission Line Cohort Study

Characteristic

Sex
Men
Women

Age (years)
33-39
40-44
45-49
50-54
55-60

Social class (missing = 455)
White collar
Blue collar
Farmer
Unknown

Education (missing =18)
Primary
Secondary
Tertiary

Marital status (missing = 22)
Unmarried
Married
Divorced
Widowed

Working outside home (missing = 300)
Yes
No«

Regular daywork (missing = 246)
Yes
Not

Engaged in salaried work (missing = 223)
Yes
Not

Current smoking status (missing = 331)
Never smoked
Occasional smoking
Former smoker
Current smoker

Presence of heavy drinking (missing = 153)
No
Yes

Number of alcohol pass-outs during the
past year (missing = 157)

Never
Once
More often

Life events scale (missing = 1,208)
Low
II
III
Most

Social support scale I (missing = 14)
Low
II
III
High

Social support scale II (missing = 24)
Low
Intermediate
High

(
No.

20
22

13
7
7
9
6

18
19

2

26
9
7

4
35

2
1

34
6

30
11

30
12

15
1
9

15

28
13

38
2
1

2
18
7

11

10
9

15
8

4
38

<50
n = 42)

%

47.62
52.38

30.95
16.67
16.67
21.43
14.29

46.2
48.7

5.1

61.9
21.4
16.7

11.9
81.0
4.8
2.4

81.0
19.1

73.2
26.8

71.4
28.6

37.5
2.5

22.5
37.5

68.3
31.7

92.7
4.9
2.4

5.3
47.4
18.4
29.0

23.8
21.4
35.7
19.1

9.5
90.5

Distance (m)

50-99
(n=127)

No.

56
71

47
26
24
17
13

43
62
4

14

81
27
19

12
103

9
2

109
15

96
29

95
31

59
3

34
30

90
37

111
9
7

7
34
31
43

38
38
36
15

3
10

113

%

44.09
55.91

37.01
20.47
18.90
13.39
10.24

35.0
50.4
3.3

11.4

63.8
21.3
15.0

9.5
81.6
7.1
1.6

87.9
12.1

76.8
23.2

75.4
24.6

46.8
2.4

27.0
23.8

70.9
29.1

87.4
7.1
5.5

6.1
29.6
27.0
37.4

29.9
29.9
28.3
11.8

2.4
7.9

89.7

100-500
(n = 362)

No.

188
174

145
72
63
47
35

117
169
15
43

238
69
54

57
283

16
6

275
81

275
78

220
137

167
15
78
92

257
102

308
25
25

18
140
70
96

93
85

121
62

16
36

307

%

51.93
48.07

40.06
19.89
17.40
12.98
9.67

34.1
49.1
4.4

12.5

65.9
19.1
15.0

15.8
78.2
4.4
1.7

77.3
22.8

77.9
22.1

61.6
38.4

47.4
4.3

22.2
26.1

71.6
28.4

86.0
7.0
7.0

5.6
43.2
21.6
29.6

25.8
23.6
33.5
17.2

4.5
10.0
85.5

£500
(0=11,532)

No.

5,248
6,284

4,158
2,548
1,893
1,459
1,474

3,869
5,414

627
1,192

7,590
2,111
1,814

1,610
8,863

803
235

8,658
2,583

9,23
2,075

7,566
3,749

5,341
385

2,572
2,916

8,278
3,105

9,825
716
839

746
3,835
2,194
3,603

3,303
3,114
3,559
1,543

729
1,137
9,646

%

45.5
54.4

36.0
22.1
16.4
12.6
12.7

34.8
48.8
5.7

10.7

65.9
18.3
15.8

14.0
77.0
7.0
2.0

77.0
23.0

81.6
18.4

66.9
33.1

47.6
3.4

22.9
26.0

72.7
27.3

86.3
6.3
7.4

7.2
37.0
21.1
34.7

28.6
27.0
30.9
13.4

6.3
9.9

93.8

* Includes homemakers, persons on disability annuity or old age pension, students, unemployed, and other respondents,
t Includes nightwork, two shifts without nightwork, two shifts including nightwork, three-shift work, and not working.
t Includes persons doing piecework pay, entrepreneurs, farmers, and persons not working temporarily or ever.
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TABLE 2. Depressiveness according to Beck Depression Inventory' (BDI) in the vicinity of high voltage power Iines in Finland in
1990 by sex and exposure, based on data from the Rnnish Twin Cohort Study and the Finnish Transmission Line Cohort Study

Pynosure

Distance in 1989 (m)
Reference
200-500
100-199
50-99
<50

Magnetic field in 1989 (jiT)
Reference
0.01-0.09
0.10-O.19
£0.20

Mean distance in 1970-1989+ (m)
Reference
200-500
100-199
50-99
<50

Cumulative exposure in 1970-1989
(nT years)

Reference
0.01-0.25
0.25-0.49
0.50-0.99
>1.00

BOI In men

No.

5,248
78

110
56
20

5,312
190

3
7

5,075
124
180
108
25

5,079
352
39
24
18

Mean' ± SE

4.62 ± 0.07
5.22 ± 0.61
4.82 ± 0.47
4.74 ± 0.64
3.74 ±1.15

4.63 ± 0.07
4.77 ± 0.36
2.10*3.16
5.34 ± 2.00

4.61 ± 0.07
5.43 ± 0.46
4.70 ± 0.37
4.72 ± 0.48
3.67 ± 0.97

4.61 ± 0.07
4.91 ± 0.27
4.68 0.89

4.04 ± 0.95
4.53 ± 1.15

BDI in women

No.

6,284
69

105
71
22

6,334
199
15
3

6,108
115
182
10-5

41

6,110
363
43
18
17

Mean* ± SE

5.85 ± 0.07
4.82 ± 0.67
6.26 ± 0.55
4.93 ± 0.66
5.43 ±1.23

5.84 ± 0.07
5.40 ± 0.40
7.28 ± 1.35
1.26 ±3.57

5.86 ± 0.07
5.24 ± 0.51
5.54 ± 0.41
5.29 ± 0.55
6.12 ± 0.88

5.86 ± 0.07
5.50 ± 0.29
5.19 ±0.85
6.03 ± 1.23
3.47 ± 1.40

BDI In all adults

No.

11,532
147
215
127
42

11,646
389

18
10

11,183
239
362
213
66

11,189
715
82
42
35

Mean* ± SE

5.30 ± 0.05
5.06 ± -0.46
5.62 ± 0.37
4.92 ± 0.46
4.66 ± 0.85

5.30 ± 0.05
5.16 ±0.27
6.25 ± 1.20
4.64 ± 1.82

5.30 ± 0.05
5.40 ± 0.35
5.20 ± 0.28
5.10 ±0.37
5.07 ± 0.65

5.30 ± 0.05
5.27 ± 0.20
4.95 ± 0.62
5.08 ± 0.77
4.20 ± 0.91

* Adjusted for all the characteristics shown in table 1.
t SE, standard error.
i Mean of distance over the period of living within 500 m of the lines.

workday average magnetic field exposure has been
found to be 0.17 /iT, and the 75th percentile is 0.27
/LtT (34).

Another limitation of the present study relates to
exposure misclassification, which has been a major
issue in all epidemiologic studies on the adverse health
effects of magnetic fields. Magnetic field is a time-
dependent vector quantity with magnitude and direc-
tion. Since there is a variety of magnetic field sources,
assessments of exposures to magnetic fields should,
ideally, take into account the numerous components of
magnetic fields from all sources affecting the obser-
vation point at that particular instant in time. Exposure
assessment is further complicated by the fact that the
truly hazardous characteristics of magnetic fields (if
any) remain unknown.

The potential effects of exposure misclassification
due to measurement error and other sources of mag-
netic fields (whether at home or in an occupational
setting, at night or during the day) are also important.
Nondifferential exposure misclassification would
likely have the effect of biasing the observed risk
estimates toward unity. In practice, this would increase
the possibility of false-negative results (given that
there is an effect) and encourage careful consider-

ations as to the strength of "negative" evidence. Re-
garding more detailed discussions on our exposure
assessment method, we refer to our previous publica-
tions using the Finnish Transmission Line Cohort
Study data (25-27, 29).

The BDI has been widely used in epidemiologic
studies and has good psychometric properties (20). It
is not, however, an instrument for the clinical diagno-
sis of depression. Nonetheless, one study has given
quite similar estimates for the prevalence of depres-
sion using both BDI and DSM-ITJ criteria (35). A
recent Finnish study (21) found that the mean BDI
scores of those who had a history of hospitalization for
depression had scores that were twice as high as the
scores of subjects with no such history. More skepti-
cism has been addressed toward the validity of BDI in
the case of severe depression, suggesting that high
scores might simply represent diffuse maladaptive
functioning in a subclinical population (20).

Our results of mean BDI scores controlled for sev-
eral important determinants of depression, all of which
(except for regular day work (shift work)) were statis-
tically significant (here a = 0.10) but had at most
minor effects on the risk estimates. Although Kendler
et al. (36) suggested the strongest determinants of
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TABLE 3. Number of study subjects by exposure, degree of depression, and sex, based on data from the Rnnish Twin Cohort
Study and the Rnnish Transmission Line Cohort Study

Exposure

Distance in 1989 (m)
Reference (>500)
200-500
100-199
50-99
<50

Magnetic field in 1989

Reference (<0.01)
0.01-0.09
0.10-0.19
£0.20

Mean distance in
1970-1989t (m)

Reference (>500)
200-500
100-199
50-99
<50

Cumulative exposure In
1970-1989 (nT years)

Reference (<0.01)
0.01-0.24
0.25-0.49
0.50-0.99
£1.00

Unaffected
(BDI.t10)

(n = 10,043)

Men

4,541
68
97
50
20

4,597
169

3
7

4,392
105
160
95
24

4,395
306
35
23
17

Women

5,043
59
88
60
17

5,083
171

10
3

4,903
97

150
87
30

4,903
296
38
15
15

Mildly depressed
(BD110-18)
(77

Men

571
8

11
6

577
19

551
15
17
12
1

552
40
2
1
1

= 1,623)

Women

995
9

14
6
3

1,004
21

2

962
15
30
12
8

964
58

3
2

Moderately depressed
(BD119-29)

(77

Men

116
2
2

118
2

112
4
3
1

112
6
2

1

= 338)

Women

211
1
3
3

212
5
1

208
3
2
4
1

208
7
2

1

Severely depressed
(BDI £30)
0

Men

20

20

20

20

1-59)

Women

35

2
2

35
2
2

35

2
2

35
2

1
1

Total
(77-12,063)

11,532
147
215
127
42

11,646
389

16
10

11,183
239
362
213
66

11,189
715
82
42
35

* BDI, Beck Depression Inventory.
t Mean of distance over the period of living within 500 m of the lines.

major depression to be stressful life events, genetic
factors, a previous history of major depression, and the
personality trait of neuroticism, the first three provide
no readily available explanation for our results. In
addition, a recall bias is unlikely since there had been
no public concern about the possible adverse health
effects of power lines in Finland at the time of the
questionnaire in 1990. The possibility of residual con-
founding (e.g., by somatic diseases, medicines, or vis-
ible light) cannot, however, be fully excluded.

Our study results of comparable mean BDI scores by
exposure provide some assurance that the proximity to
high-voltage power lines is not associated with changes
in the common range of self-rated depression in the
general population. Disregarding the results of the first
generation epidemiologic studies with totally unadjusted
risk estimates, the earlier results of McMahan et al. (13)
are in agreement with our results, whereas those of Poole
et al. (12) are contradictory. Although McMahan's study
population of white, upper class women was very ho-
mogenous, our population is more representative of the
entire adult population.

As for the more severe forms of depression, the
overall picture is far less clear. We found an almost
fivefold, statistically significant increase in the risk of
severe depression among subjects living within 100 m
of a high-voltage power line. The respective increase

among the subjects with a magnetic field of =^0.1 /u-T
was even higher. The number of cases was small,
however. The only previous study on severe depres-
sion in relation to magnetic field levels has been
conducted by Savitz et al. (15), who found a pattern of
increased risk for depression among electricians.

As for a theoretical link between electromagnetic
fields and depression (5), it remains unclear whether
the observations of low nighttime melatonin levels in
depressed patients (37) are the true cause or a mere
consequence of depression. Nonetheless, the impact of
biologic factors has been suggested to be more prom-
inent in severe depression (1). Our findings suggest
that particular attention should be given to the identi-
fication of depression subgroups that would theoreti-
cally be the most prone to the effects of electromag-
netic fields.

In conclusion, the nearby high-voltage power lines
and their magnetic fields of 50 Hz do not appear to be
associated with changes within the common range of
depressive symptoms; however, the results are less
clear in the case of more severe depression. We ob-
served a clear risk increase in severe depression, i.e.,
the very subgroup that might according to the study
hypothesis be considered to be the most vulnerable to
the effects of electromagnetic fields. However, we
hesitate to draw strong conclusions about risk increase
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TABLE 4. Depression in the vicinity of high voltage power lines in Finland in 1990, by exposure index and degree of depression,
based on data from the Finnish Twin Cohort Study and the Finnish Transmission

Exposure

index

Distance in 1989 (m)
Reference (>500)
200-500
100-199
<100

Magnetic field in 1989 (nT)
Reference (<O.01)
0.01-0.09
50.10

Mean distance in 1970-1989$ (m)
Reference (5500)
200-500
100-199
5100

Cumulative exposure in 1970-1989
(nT years)

Reference (<0.01)
0.01-0.24
0.25-0.49
>0.50

ORt

1.00
0.82
0.83
0.62

1.00
0.72
0.53

1.00
0.91
0.93
0.86

1.00
1.00
0.42
0.35

Mildly depressed
(BDIt 10-18)

95% Clt

0.49-1.36
0.54-1.26
0.37-1.07

0.52-1.00
0.13-2.26

0.62-1.34
0.68-1.27
0.59-1.24

0.80-1.24
0.17-1.04
0.13-0.96

Line Cohort Study

Moderately depressed
(BDI 19-29)

OR

1.00
0.69
0.79
0.60

1.00
0.60
1.28

1.00
1.01
0.47
0.74

1.00
0.63
1.59
0.42

95% Cl.

0.22-2.19
0.32-1.94
0.19-1.89

0.28-1.29
0.17-9.47

0.47-2.16
0.19-1.14
0.33-1.67

0.36-1.10
058-4.38
0.06-3.00

r

Severely depressed

OR

1.00

4.74

1.00
1.04
15.3

1.00

2.86

1.00
0.56

4.83

(BDI > 30)

95% Cl

1.70-13.3

0.25-^4.26
3.52-66.5

1.03-7.97

0.14-2.31

1.16-20.2

* Unadjusted odds ratios are shown in comparison to the unaffected study subjects (BDI < 10).
t BDI, Beck Depression Inventory; OR, odds ratio; Cl, confidence interval.
$ Mean distance over the period of living within 500 m of the lines

because of 1) the very small number of depressed
cases, 2) the scarcely increased magnetic field levels,
and 3) the small number of epidemiologic studies
testing the "electromagnetic fields and depression"
hypothesis. Nevertheless, our results suggest that this
issue requires more investigation. In addition to im-
proving the techniques for magnetic field assessment,
we recommend that attempts be made to strive for a
better understanding of the exposure characteristics,
particularly in relation to the onset and course of
depression.
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