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Geomagnetic Storms: Association with Incidence of Depression as
Measured by Hospital Admission

RONALD W. KAY

The hypothesis that geomagnetic storms may partly account for the seasonal variation in the
incidence of depression, by acting as a precipitant of depressive illness in susceptible
individuals, is supported by a statistically significant 36.2% increasein malehospital admissions
with a diagnosis of depressed phase, manicâ€”depressiveillness in the second week following
such storms compared with geomagnetically quiet control periods. There is a smaller but not
statistically significant increase in female psychotic depression and non-psychotic depression
admissions following storms. There was no correlation between geomagnetic storm levels
and numberof male admissionswith psychotic depression,which is consistent with a threshold
event affecting predisposedindividuals. Phaseadvance in pinealcircadianrhythms of melatonin
synthesis may be a possible mechanism of causation or be present as a consequence of
5-hydroxytryptamine and adrenergic system dysfunction associated with geomagnetic
disturbance. Effects on cell membrane permeability, calcium channel activity and retinal
magneto-receptors are suggested as possible underlying biochemical mechanisms.

Seasonal variation in the incidence of depressive illness
has been recognised since the time of Hippocrates
(Lewis, 1934). Onset of depressive illness (Kraines,
1957; Frangos et a!, 1980), admission to hospital
(Eastwood & Stiasny, 1978; Wehr & Rosenthal,
1989), prescriptions of antidepressant medication
(Eastwood & Peacocke, 1976) and incidence of
suicide (Lester, 1971; Zung & Green, 1974) have all
been found, with only slight variation to show a
bimodal annual distribution with peaks in spring
and autumn.

A subgroup of affective illness, seasonal affective
disorder (SAD), with specific biological symptoms
(Garvey eta!, 1988), has been identified with recurrent
onset in autumn (Rosenthal et a!, 1984; Thomson
& Isaacs, 1988). Decreasing natural light exposure in
autumn has been hypothesised to desynchronise the
pineal circadian rhythm of melatonin synthesis (Lewy
et a!, 1987; Rosenthal et a!, 1988). Phototherapy
timed to resynchronise the rhythm has been found
to be effective in some SAD cases and with variable
effect in normal subjects and other forms of
depression (Rosenthal eta!, 1987; Terman eta!, 1989;
Stinson & Thomson, 1990; Kripke et a!, 1992).

However, melatonin levels have also been found
to be abnormal in non-SAD depression (Win-Justice
& Arendt, 1980), with decreased nighttime and early
morning levels. It has been suggested that there is
phase delayinpinealcircadianrhythms inSAD and

phase advance in some non-SAD depressive illness
(Wehr & Goodwin, 1983; Lewy et a!, 1985; Graw
et a!, 1991). Pineal function is modified by anti
depressant treatments (Friedman eta!, 1984; Murphy

et a!, 1986; Demisch et a!, 1986, 1987), further
supporting this hypothesis. To account for the spring
excess, however, a mechanism other than decreasing
light exposure must be affecting pineal function.

The pineal gland has been shown to be sensitive
to changes in magnetic field exposure in laboratory
animals, with alteration of the direction of the
geomagnetic field (GMF) associated with decreased

serotonin N-acetyl-transferase (SAT) activity (Welker
eta!, 1983), decreased pinealocyte electrical activity
(Semm eta!, 1980), decreased pineal cAMP content
(Rudolph et a!, 1988) and decreased melatonin
synthesis (Olcese et a!, 1985). Pulsed fields at GMF
strength increase nor-adrenaline secretion by 27.501o
in cloned neuronal cells in vitro (Dixey & Rein, 1982),
and with the main innervation of the pineal via
complex adrenergic systems (Vanecek et a!, 1985;
Ebadi & Govitrapong, 1986) magnetic fields may
affect pineal function via this mechanism in vivo.

Circadian rhythms in gerbils (Stutz, 1971), mice
(Gribble, 1975) and other vertebrates (Bliss &
Heppner, 1976) are modified by alteration of
magnetic fields at GMF strength and many animal
circadian rhythms may be synchronised by subtle
rhythmical variations in the normal GMF, acting as a
â€˜¿�Zeitgeiber',to which the pineal gland is particularly
sensitive (Brown, 1976).

Low energy fields at GMF strength decrease the
hydrophobic character of the cell membrane leading
to changes in permeability (Adey, 1981; Tenforde
& Kaune, 1987; Marron eta!, 1988), enhance calcium
channel activity (Kavaliers & Ossenkopp, 1987, 1988)
and, in the case of the pineal gland, via an effect on
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the retina (Olcese et a!, 1985) with retinal rods acting
as magnetoreceptors (Cope, 1981; Schulten, 1982).

During geomagnetic storms, the geomagnetic field
strength of approximately 0.5 gauss (Vestine, 1967),
and horizontal declination can fluctuate by up to
10Â¾. The main cause of geomagnetic storms is a
sudden increase in charged particles emanating from
solar flares. Storms can last several hours and are
global phenomena but with regional variation in
intensity (Jacobs, 1987). The sun's activity goes
through cycles of 11. 1 years with storms maximal
in mid to late cycle (Meyers & Allen, 1977). Storms
also follow a seasonal pattern being most numerous
at the equinoxes (Allen & Kihn, 1990).

Storms have been found to desynchronise ambu
latory behaviour patterns for several weeks in rats
(Persinger, 1974) and in mice are associated with
decreased nocturnal analgesic effects of morphine,
possibly mediated via the pineal gland (Ossenkopp
et a!, 1983).

It is hypothesised that the equinoxal increase in
geomagnetic storms partly accounts for the bimodal
annual distribution of incidence of depressive ill
ness, by acting as a precipitant in susceptible
individuals through desynchronisation of pineal
circadianrhythmsor viaan effecton 5-HT and
adrenergic systems leading to depressed mood and
secondary disruption of pineal melatonin synthesis.
This effect should be measurable by increased
admissions with depression after a variable lag time
following all geomagnetic storms, and an increased
number of admissions with increases in the storm
intensity as measured at the nearest geomagnetic
observatory to the population under study.

Method

Dates of all geomagnetic storms during solar cycle 21, from
January 1976 to December 1986 inclusive (McKinnon,
1987), were obtained as defined by the AA index which is
calculated from the mean daily disturbance measured at
two approximately antipodal geomagnetic observatories in
Australia and Hartland in England (Allen & Kihn, 1990).
Over the same period, dates and sex of all admissions
registered on the Lothian Psychiatric Case Register with
ICDâ€”9(WHO, 1978)and equivalent ICDâ€”8(WHO, 1973)
discharge diagnoses of 296.1, 296.3, 311.9 and 300.4
were obtained.

The closest geomagnetic observatory to Lothian Region is
at Eskdalemuir, in Dumfries and Galloway Region and the
K indices for this observatory on the days of the geomagnetic
storms were obtained from the British Geological Survey.
These data should give a close approximation of GMF
conditions in Lothian. The K indices are quasi-logarithmic

3-hour means of geomagnetic disturbance and were
converted to a linear daily mean scale, equivalent to the
AA index using standard tables (Mayaud, 1980).

As the possible lag time from storm onset to admission
to hospital was unknown, admissions by sex and diagnosis
were summed for three consecutive 7-day periods after each
storm date with totals for diagnoses 296. 1 and 296.3
added, and 300.4 and 311 .9 added to give figures for
manicâ€”depressive psychosis, depressed type (psychotic
depression) and non-psychotic depressions. To avoid
admissions being counted more than once, consecutive
storm dateswereexcludedif they fell within 21daysof the
preceding storm date.

To provide control data, summed admission numbers by
sex and diagnosis were calculated for all 574 consecutive
7-day periods. These were matched by calendar month to
the storm dates. For each storm date the 7-day period with
no storm activity and least overall GMF disturbance as
measured by the summed Eskdalemuir daily means in the

preceding 21 days was selected. It was not possible to
obtain sufficient control periods for storms in April and
September, and data from these storms were excluded from
the analysis.

As the 7-day summed admission numbers included several
zeros and followed a Poisson distribution, a modified
square-root transformation was performed using the formula

X' =.,(X+0.5)

to provide data suitable for parametric analysis. A one-way
repeated measure ANOVA was calculated for each of the
four sex/diagnosis combinations comparing the control
group and the three post-storm periods. Where the F value
was significant at P<0.05, Fisher's least significant
difference test was used to compare the control with each
post-storm period.

To test the hypothesis that increased levelsof geomagnetic
storms would lead to an increase in admission numbers,
Spearman's rank correlation coefficients were calculated
for untransformed admission numbers in each time period
post-storm against storm level as measured by the linear
derivation of daily mean Eskdalemuir data on storm dates.
A non-parametric test was considered appropriate given the
non-normal distribution of both sets of data.

Results

In the total study period of 4018 days there were 1042male
and 2407 female admissions with an ICDâ€”9or ICDâ€”8
diagnosis of 296.1 and 296.3 (psychotic depression) and 582
male and 1472 female admissions with ICDâ€”9or ICDâ€”8
diagnosis of 300.4 and 311.9 (non-psychotic depression).
During the same period there were 192geomagnetic storms.
The monthly total for all admissions and geomagnetic
storms are represented graphically in Fig. 1. No apparent
underlying secular trend is seen in the admission numbers
with storms showing two peaks in activity. Plotting of each
sex/diagnosis group similarly showed no underlying trend.

Both male and female psychotic depressions showed
seasonal variation with peaks in April and September in
males and mid-summer in females. Geomagnetic storm
numbers also showed marked seasonal variation with a
main peak in April and lesser peak in September. These
are represented graphically in Fig. 2. Non-psychotic
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depression numbers showed no significant seasonal variation
in either sex.

After removal of overlapping storm dates, and those in
April and September, 79 sets of data were analysed. The
results of the ANOVA are shown in Table 1. Only the male
psychotic depression group produced a significant F value,
although in the three other groups the 1â€”7and 8â€”14days
post-stormperiodsshowedincreasedadmissionswhichwere
not statistically significant.

A comparison of the control group to the post-storm
periods in male psychotic depression showed a significant
increase in the 8â€”14-dayperiod, of 36.2% with smaller
increases in the other time periods. The full results are
shown in Table 2.

Spearman's rank order correlationcoefficientsfor male
psychotic depression compared to geomagnetic storm
indices at Eskdalemuir were not significant for any time
period with a maximum rho, corrected for ties of 0.055 for
the 8â€”14-day time period.

Discussion

0 12 24 36 48 60 72 84 96 108 120 132

CalendarmonthsfromJanuary1976toDecember1986

Fig. I Monthly total of geomagnetic storms and admissions for depression (-.F@Jâ€”geomagnetic storms; â€œ¿�Uâ€•admissions).

in the incidence of psychotic depressive illness in
males, but not significantly in females or non
psychotic depressions. This effect is not due to
coincidental autumn and spring peaks for both
factors as controls were matched for calendar month,
and storms in April and September were excluded.
Although all three time periods showed an increase,
this was significant for only 8-14 days and may
be analogous to the three-week critical period
between stress events and onset of depressive illness
(Brown & Harris, 1978) as well as representing the
variable time lag between worsening of mental state
and admission, although if storms acted as non
specific stressors they would be expected to have a
similar affect on each category.

The first published report of an association
between psychiatric disturbance and geomagnetic
storms described a lag of between one and three days
from storm onset to suicide (Dull & Dull, 1935). It
is possible that disturbance in the second or third
day after a storm may precipitate admission with
deliberate self-harm, which might not be identified
by the present study. A later study demonstrated a
positive correlation between all psychiatric hospital
admissions and geomagnetic storms with a lag time
of up to 35 days giving maximum correlations
(Friedman eta!, 1963), suggesting that a longer post
storm period should be used. However, this study
was criticised for erroneous statistical methods
(Pokorny & Mefferd, 1966).

The lack of association in non-psychotic depression
is consistent with findings of no significant seasonal
variation in the incidence of patients with neurotic
illness (Kellner, 1966) many of whom will be
suffering from depressive symptoms (Casey et a!,
1984), or of admissions for neurotic depression (Hare
& Walter, 1978; Williams eta!, 1987), although non
psychotic depressions overall have been described as
showing some bimodal seasonal variation. These

The results support the hypothesis that a geomagnetic
disturbance is associated with a subsequent increase
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Fig. 2 Seasonal distribution of geomagnetic storms (â€”0â€”) and
number of admissions for psychotic depression ( --.S.-- male;
â€”¿�Uâ€”female)as ratiosof actualto expected.



Controlperiod1â€”7 days8â€”14 days15â€”21 daysFvaluePsychotic

depressionmale1.346
(0.444)1.442 10.47)1.542 10.4211.398 10.426)2.846â€˜¿�P=0.0384female2.095
(0.448)2.126 (0.457)2.17 (0.51212.07 (0.589)0.597P=0.6174Non-psychotic

depressionmale1.124
10.35411.156 10.422)1.228 10.428)1.18 (0.368)1.073P=0.3614female1.646
10.43)1.782 10.539)1.687 (0.475)1.637 10.58711.458 P=0.2269

Time periodGroupâ€”control meant-test1P2Untransformed meanExcessadmissions31-7

days0.0961.38NS1.79719.0%8-l4days0.1962.811<0.012.05136.2%15-21

days0.0520.746NS1.6338.4%
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Table 1
One-way repeated measure ANOVA (mean (s.d.) no. of admissions) for each sex/diagnosis group, by time period

seasonal cases may be included in the lCD 311.9
coded group, which was analysed together with the
specifically neurotic depression group lCD 300.4.

Storms in spring would enhance the suppressing
effect of increasing daylight on melatonin synthesis,
leading to a phase advance in the circadian rhythm,
while the effect of storms in autumn would tend to
be partially compensated for by the pineal response
to decreasing light intensity. This effect would be
accentuated by maximal storm activity during local
night (Rangarajan, 1987), and is consistent with a
Southern Hemisphere peak for psychotic depression
admissions in September and October, local spring
(Parker & Walter, 1982).

Treatment of psychotic depression with daytime
melatonin increased psychotic symptoms and dys
phoria, and abolished diurnal mood variation
(Karman et a!, 1976). The timing of this treatment
would tend to exacerbate a desynchronised rhythm.
The presence of diurnal mood variation has been
used as a predictor of poor response to phototherapy
(Graw et a!, 1991) and as an indicator of phase
advance of the melatonin cycle (Lewy et a!, 1985)
as well as being a diagnostic sign in melancholic
forms of psychotic depression which respond well to
physical therapies (American Psychiatric Association,
1987). Sleep deprivation is thought to exert its
therapeutic effect by re-synchronising circadian
rhythms (Elsenga & Van Den Hoofdakker, 1987)
while antidepressants and lithium lengthen the
pineal circadian cycle period re-synchronising a
phase advanced cycle (Kripke & Wyborney, 1980;
Wirz-Justice & Campbell, 1982).

De-synchronisation of circadian rhythms have
been suggested as being possible mechanisms for
mood switching in manicâ€”depressive illness (Kripke
et a!, 1978) and manicâ€”depressive patients have been
found to be supersensitive to the suppressing effect
of light on nighttime melatonin synthesis (Lewy et a!,
1981), suggesting that the pineal gland may be
generally supersensitive to environmental factors,
including geomagnetic storms, in those predisposed
to manicâ€”depressive illness.

The sexual differences in the results of admissions
with psychotic depression are consistent with findings
of a smaller peak in the spring incidence in women
(Williams et a!, 1987) and a less distinct suicidal peak
in late spring (Meares et a!, 1981). Gender specific
responses to geomagnetic disturbance could be
expected given the role of the pineal in regulating
sexual activity in many mammals (Tamarkin et a!,
1985), involving complex interactions with sex
hormone systems (Goldman & Darrow, 1983), the
finding of specific changes in human pineal function
with puberty (Cavallo, 1992), and melatonin levels
varying with the menstrual cycle (Wetterburg
et a!, 1976; Brzezinski et a!, 1988).

The lack of any significant correlation between
admission numbers and storm level may be indicative
of a threshold event in susceptible individuals, which
would be consistent with the episodic nature of many
psychotic depressions, and the method of defining
a geomagnetic storm being itself a threshold event
(Allen & Kihn, 1990). If there was a linear inverse
relationship between geomagnetic disturbance and
mood, then storms would be expected to be associated

Table 2
Comparison of control with other groups for male psychotic depression admissions

1. Fishers least significant difference test was used to calculate t value.
2. Significance figures are one-tailed.
3. Excess admissions calculated using untransformed control mean of 1.506.
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with an increased incidence of non-psychotic as well
as psychotic depression.

However, geomagnetic disturbance may be associ
ated with mood disturbance at a level that in itself
would not lead to admission except in those predis
posed to developing severe depressive illness. One
study has described up to 40% of daily mood
variation being accounted for by the daily mean
Ap index of geomagnetic disturbance (Persinger &
Levesque, 1983).

Prolonged exposure to abnormal magnetic fields
may also have an effect acting through a similar
mechanism to geomagnetic storms (Wilson et a!,
1981). Depression admissions have been associated
with exposure to 50 Hz electromagnetic fields in the
home (Perry eta!, 1989)and monthly total psychiatric
admissions have been positively correlated with solar
radioflux levels and indices of geomagnetic
ionospheric disturbance (Raps et a!, 1991).

It is possible that the association between geomag
netic storms and depression could be due to an
indirect association with changes in meteorologi
cal factors. Atmospheric ionisation (Dowdall &
DeMontigny, 1985) and barometric pressure (Nordin
et a!, 1992) have been shown to affect measures of
5-HT activity which has been linked to depression and
specifically suicidal behaviour (Asberg et a!, 1974).

The effects of interactions of the geomagnetic field
with biological systems have been widely investigated
(Persinger, 1987) but still require systematic study,
particularly in the area of psychiatric illness where
subtle biochemical changes in complex interacting
systems can have widespread pathological effects.
The demonstration in this study of the association
of extreme geomagnetic disturbance and admissions
in males with psychotic depressive illness suggests the
need for further investigation in a hitherto neglected
area of biomagnetic and psychiatric research.
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