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Abstract

Historical records consistently illustrate the importance that man has a**-
tha impacts of weather on health. If was not until ré:aﬁtlv. however
scientific analydes of this relationship were attempted In this study, one s-
this rmedicrmtaaral@gi&ai relationship was examined the effects of gatr.
conditions on the incidence of migraine headaches in southwestern Ontar~

Waather is commonly mentioned by ﬁ{igraina sufferers as a fact e
trigger the onset of attacks. The particular / atmospheric C";ﬁdltl@ﬁ?
frequently cited are falling Vbamméﬁ‘ic: pressure. chill’ winds. glare o
extremes of heat or cold, and specific local winds, such as the Eﬁ@?‘ - -
israali Sharav ' |

This st;u,dy was conducted in the ,’Tcrama{egaﬁ of southweste sing
91 volunteers who 'kept detailed %&;aréé of therr migraine attafzk\jar - nne
manihs'iAprii taiDec@mbaf, 19791 The migraine data were then compared with 11
&Juffgraﬁt w;,-';iér parameters: atmcsﬁherici pressure. the rate of change of pressure,
tampgr’:tl}ei the rate of change of @mpersture, - wind speed: wind direction,
precipitation, thunderstorms, air pollution, humidex and a type of synoptic weather
classification, wn!hif phlns Day af ﬂﬁ; wnk was d:a axmn-d

The reswts indicated that thn passage of warm fronts thraugﬁ the Tararﬂa area
and the warm tropical mr that follows those fronts provoke a sugmﬂc.!ﬁt incresse in both
tha frequency and saventy of Fmgrama E}:ssswa heaat and rumdnty were also
associsted with a marked increase .in mfgrame frequency. Most parameters, however,
yielded no significant resuits and likely have no nétawarmy impact on migraine. 7

The relationship between migraine and atmospheric pressure was examined
further in an informal and subjective inqulry nto the frequency of migraine attacks during
airplane flights. Ch:nggs in prassure only saamgd to be of sngﬁlflclﬂcl whan thay were

~of large magritude t\d happenad c:pickly

Possible :ausal mechanisms in the effacts of wuther on migraine are discussed

Migraine attacks resulting from weather ars.probably the rnult of both physiologicsi ind

psychological stress 'irﬁpgseg by unfavourable weather conditions. The phy'siaiagi(:.jl,

stress may be medisted by serotonin, a hormone central to both migraine and




-

thermoreguiation. but this is unsubstantiated.
" The foliowing report aiso includes an introduction to human buameteﬁrdagy and

an overview of the mechanisms ir-wolved“'m migraine. The concept of waather phases is

described in detail
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) 1. Introduction

This project was conceived to jnvestigate certain aspects of the influence that the
atm@sph,a?e and its changing weather patterns have on human health. It should come as
no surprise that weather exerts some control over the wali-being of the human body,
for it is the atmosphere which impinges directly on the body and with which the b(:u:-iy 15
constantly interacting This interaction occurs not only as;;ress the immediate exterior of
the bc:dy“bui also. and perhaps more nmpartantiy within the lungs and the respiratory
tract It is certainly a situation analogous to the fash in the sea. just as the fish are
sensitive to changes in their aqueous éﬁviraﬁment. so are we sansitive to changes in our

atmosphere.

o

‘Naturally, health is a function of many factors. It is basically governed by the
body's capacity to cope with both internal and external deleterious stimuli. In order to
maintain homeostasis. 'the body reacts ccﬁtinuéusly to offset fhe effects of any stimu!ugs
that may disrupt tpahstabmty If a stimulus is severe enough. or if the body's prcteigive
mechanisms over-react. pathological conditions may develop. ' i

Because théstm@sphar’e maintains such an intimate interaction with the body it 1s
a significant external stimulus. Physiological response to Etmﬂ%ﬁhél;ii: conditions is a
perp’aniai process, as the body is sensitive to atmospheric parameters, sﬁt;h as
temperature. light and humidity. among others As with other stimuli, if [the body is

incapable of offsetting the effects of various atmospheric conditions, £ertain clinical

ailments may defelop.

The uitimate goal of any study in human biometeorology is to determine to what

extent the atmosphere and its changes. which we call weather, affdct day to day physical

and mental well-being. It has been consistantly damaﬁétfated that rheteorological factors
" do, to varying .sxtents, affegt different aiim;ﬁts. The significance 'of these factors can
. cﬁange markedly, depending on the’ individual, the ailment and geagraphi:él location. It
can be shown, however, that certain diseases cause the sufferesr to become incu?aasingly
sensitive to specific waather parameters. Migr’aiﬁg appears to be one of thase

The prospect that weather may exert some cantrol gver migraine was first
brought to the attention of the Atmospheric Environment Service by Raisgmfy Dudley of

the Migraine Foundation of Toronto. The Foundation was concerned with the lack of
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nterest in-the topic. especially in view of the widely held belief among those suffeting

from migraine that weather was a significant factor in their attacks. The Foundation
exhibited particular interest in the physiological effects that falling atmospheric pressure
may have. Much of the feedback that the Foundation had received from their members
indicated that falling pressure was commonly thought of to be a migraine trigger.
Another frequently mentioned trigger was thunderstorms. - .

Thus, under the auspices of the Atfﬁcspheric Enﬁranmanti Service, the project
beg#n to gather information, both medical and meteorological, in January, 1979
Unfortunately.” due to printing and mailing delays, most volunteers did not begin récarding
until April. fhe data collected during the first three months of the year proved

insufficient to provide meaningful results and was therefore abandoned. Data collection

continued untit December. 1979,

A. Objectives of the study

~The major purpose of this research is to assess the impact that different
meteorological conditions have on attacks of migraine headache. In order to best achieve
this goal, five minor objectives can be identified, as listed balaw Each is a \ntal

component in the complete understandmg of the mcgramEEweather caﬁmctmn

1. Is it possible to identify certain types of weather or weather parametérs that seem to

provoke a measurable increase in the incidence of migraiﬁe? That is, can weather be

factor that tends to induce an attack of migraine in those susceptible. A mog‘nm rigger,

~of whith there are many, is not an agent in the root cause of migraine, but rather will

predispose thase whq suffer from migraine to an attack.

2. Does weather in ény way affect the severity of attacks? It has been suggested that

. weather may not be significant in actually triggering migraine. but rather it tends to

‘increase the _severity of attacks alraady in progress.

bt

3.. If weather does indeed seem to affae; migraine frequency and/or severity, just how
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significant a factor is it? Does 1t trigger a large proportion of attacks or does it only
tend to affect a few sensitive members of the migraine population?” -

4. Are the resuits compatible with previously published findings regarding both weather

‘and migraine in particular and weather and health in general? ' fﬂ/

5 What are the patho-physiological mechanisms that cause weather to influence
migraing? It is not likely that this study will generste any satisfactory answer to this

- question, particularly in view of the largely mysterious causes of rnigraine, but cgrt_:iﬁzr

relationships should make themselves clear and may help to increase the understanding of

both migraine and its connection to atmospheric conditions.

.



Il. The Concept of Human Biometeorology L

Whoever would study medicine aright must /earn of the following subjects. First he
must consider the effects of each of the seasons of the year and the differences between
them. .Secondly, he must study the warm and cold winds, both those which are common
lo every country and those peculiar to a particular locality. With the passage of time
and the change of the seasons, he would know what epidemics to expect, both in the
summer and the wimer, and what particular disadvantages threstened an individual
who changed his mode of /ife. Being fam}tliar with the progress of the seasons and the
dates of rising and setting of the stars, he could foretel! the progress of the year. Thus
he would know what changes to expect in the weather and, not only would he enjoy
good health himsell for the most part, but he will be very successful in the practice of
medicine. 11 it should be thought that this /s more the business of the meteorologist,
then /earn that astronomy plays a very important part in medicine since the changes of
the seasons produce changes in the mechanism of the body.

Hippocratas
Airs. Waters, Piaces”
circa 400 BC.

A. Introduction :

The recognition that waeather can signifi:aﬁtly affect organic processes is not
new. as evidenced by the writings of Hippocrates some 2400 years ago. Today, there
are few people who will deny that ;VBS‘H!IET' in some way affects their' constitution. In a
survey of physicians across the US, Licht (1964) found that 92% had a firm belief in a

weather —health relationship. This association is even.given subtle acknowledgemaent in

everyone's vocabuiary. Certainly the most gam example is the notion of referring to

minor respiratory ailments as "colds”. a claar reference to the season in which they
prevail. Another instance can be seen in the phrase. "under the weather™, used to indicate
iN-health '

Although weather has long been accepted as influencing life processes, it was not

until recently that any methodically sound analyses had been attempted Pioneering works
by Petersen (1938, 1847), De Rudder (1952) and Tromp (1963) heraided the advent of

the science of biometeorology by incorporating experimentation, observation and

statistical analysis into their methods and producing results that could be scientifically

' substantiated.

.

&
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n - 1,970, the _international Society of Evmtaamlagy ﬂtﬁ.)- defmed

o

- biometeorology as follows: "Boometeorology 46 :the study of the dwect and indirect
effects (of $n irregular, ﬂuctu?tlng or rhythmic nature) of the physical, chemical and
physucochermcal rmicro- and macro environments, of both the earth's atmosphere and of

similar extra—terrestrial environments. on physucodmcal systams in ganaral and on

living organisms (plants, ammals and man) in particular” In simpler terms, this - ' s that
.the purpose of _buometeorology i§ to assess the effects that the spheric
environment has on the processes of life. The main cbjective of biometeorold nstr;;
" focus on the dynamic and continuous interface between organism and "oriment

(Tromp, 1964). The atrriosphere 15 not a system of discrete weather parcels, but rather a
continuous progression of ever-changing cor.\ditions Thus, orgamic response must also
be continuous. The result is a perpetusi sequence of physiclogical responses and
adaptations on the part of the organism to its atmospheric Eﬁvir::v';ﬂgnt, the magnitude of
the response depending on the magnitude of the stimuius. TFus applies to all living
_ organisms, both plant and animal
i Biometeorology. as the name implies, is an interdisciplinary science. It borrows
frq_m meteorology. climatology. physiology, biology_ and medicine, but since its main
focus is ultimately the relationships befween organisms and their environment, it is
essentially a component of ecological science (Sargent and Tromp, 1964) Since it is
such a diverse field, for convenience it is divided into six major categories: phytological
iplants), zoological, human, cosmic (the effects of extra—terrestrial factors), space (the
effects of both the micro-‘climate of spacecraft and ixtfs—tjarrgstrtsl anvironments) and-
palseo-biometsorology (the influence éf past climates on evolutionary biology). We will

} concern ourselves solely with human biometeorology.

'The term bioclimatol/ can be considered to be synonomous with b/ometeoro/ogy. by
definition of both the LS B. and the WM.O Biometeoro/ogy is the accepted term since
- ' meteorology essentially encompasses the held of dlimatology.
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8. Human Biometeorology

Human biometearology can be defiged as the study of the impact of weather and
climate on both healthy and diseated man Although the physicochemical structure of the
human body is relatively stable. it does make measurabie changes and ndq;mtcns n
response to the surrounding meteorological environment As Petersen (1940) said,
"Weather change requires bodily change. The greater the change i air, the more sudden
the change. the greater the organic change: the more frequent the change. the greater the
physic adjustment that is requred” ip. 170L The atdlﬂ objective of human
biometeorology is to determine the significance of these rESﬁEﬁseé n their affects on

-

human efficiency. In most cases, weather plays only a small role in health, but under

certain conditions it can be shown that atmospheric conditions do provoke hatgwafﬁﬁy
physiclogical, pathological and psychological responses |

Man's most overt reactions to weather are physiological, that is, certain physical
and chemical functions within the body can be triggered by meteorological stimuli
Probably the best examples of this are the responses to temperature. Since man is a
homeotherm, a complex system of physialagié;l mgchmm’ns i5 prasent to help mamtain
a constant body temperature. Under cold stress, increases in basal metabolism, shivering,
peripheral vasoconstriction, and instinctive péstural‘ c;hsﬁgés that reduce the
surface-to-volume ratio ;ef the body all help to conserve heat Under an excessive haat

load, perspiration, decreased metabolism and peripheral vasodilation act to dissipate body
heat "

These reactions are mediated through five principal centers which are receptive
to we?ﬂw conditions. The five are as follows | the skin, which contans
thermoreceptors and is directly affected by solar radiation, particularly in the production
“of vitamin D and in changaes in pigmentation; ii) the' kings and throst (respiratory tract),
which are affected b& temperature, humidity and poliution, among others; iii) the mucous
membranes of the nose, which are sensitive to airborne contaminarts; iv) the eyes, which
assist in governing hormonal outputs of the pituitary and the hypothalamus (Benoit—Miline
Effect. Hollwich, 1974) and also diurnal biological rhythms controlled by the pineal gland
(Wurtman, et a/, 1968), through direct neural stimulation by sunlight. and v) the central
nervous system, which rﬁay be affected by’x electromagnetic phenomena (Reiter, 1974)



] |
and péss%biy cosmic rays. For a rﬁér,e detailed description of the relationship between
stimulus and receptor, sé; Tromp (1980, pp. 55-59). 1
Another possible result of meteorological stress i1s acclimatization When a
person is subjected to a prmed change of climate, such as moving from a toid
climatic ;mta:h@tm,araﬂﬁmmsgscsﬁmsiﬁﬂgﬁgﬁruﬁttﬂﬁ.i

- period of physiological adaptation takes place that acts to reduce the stress imposed by

the weather change and allows the individual to function more efficiently in the new
environment The length of time it takes to acclimatize and the degree of acchimatization
depend on one's physiological and emotional adaptability.

"In addition to reacting physiologically, man may also exhibit a psychological
response.  Although the investigation :;f weather's impact on the mental state and

‘behavior of individuals is fraught with subjectivity, there are few who would deny that

weather can significantly alter moods. If weather canimpose a psycﬁeiagi:al stress, then
it seems reasonable to assume that the stress can be manifested physiplogically by
hormonal responses. such aé catecholamine (adrenaline) sec:re{c;ﬁ For this reason, it can
be argued that man's amtigﬁs,:i or moods, are also important in registering
rnstegralag-cal stimuli.  Historical records show that man has consistently ascribed
certain behavioral and cultural traits to ambient westher conditions (Kevan, 1976) The
effects, hf;wgvﬂtn will vary greatly between individuals, depending on the .circumstances.

For instance, rain may upset the baseball fan, but enthuse the farmer.

Table 2.1 lists the the body's main weather receptors and to which of the major
metsorologicsl stimuli they are sensitive.

If a meteorological stress is severe enough or lasts long enough. it may ultimately

.cause or worsen certain pathological conditions in° some people Suiman (1978)

estimates that about 30% of a normal population are clinically sensitive to the effects of

weather. This "“weather-sensitive” group will exhibit recurrent disorders such as attacks

" of asthma or arthritic pain during particulsr types of weather. Women appesr to be far

more sensitive to changes in weather, as are tha gjéeriy,
Figura 2.1 presents a model of the processes involved in human biometeorology ’
Atthough everyone responds physiologically to particular atmospheric conditions, a8

significant proportion also find that certain weather situations tend to provoke an
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Table 2.1: The relationship between the prinicipal centers of the himan body
registering matsorologicsl! stimuli snd those westher parametes having a
significant impact on hesith. "Emotions” refers to the psychological state or mood

of sn individual. Data bassd largely on Tromp (1980).

RECEPTORS: Skin Lungs & Nose Eyes Nervous

. throat ¢ / System
WEATHER !
PARAMETERS

Temperature x X x - X X
Hurmudity X b 4 X

‘Wind speed X X.

lonization , ( X

Pollution - X X ) - X
& aerosols _

Oxygen ' X
pressure

Ozone X
Gl;ra and , ‘ x
flickerng :

‘Cosmic rays : o X(Fﬂ :

: Drkngsé X : C x

Electro : - : o
magnetic : X(n
long waves '
(sferics)

Emotions
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increase in the frequency and/or severity of particular clinical disorders. Under severe
and persistent conditions, death may occur. most readily evidenced by the effects of
heat waves (Landsberg 1969 Tout, 1978) Most people, however, ara capables of
responding to a persistent meteorological sﬁgés by undergoing a dégree of
acclimatization . '

Of ail the meteorological parameters. four can be considered to be the most
significant in their impact on man These are temperature. solsr radiation, humidity snd
wind speed fLandsberg 1972) Tmmstﬁvaﬁ rmafﬁ
humaﬁ body rasult from tgmperzture affacts ﬂﬁarmareguman i¢ largely controlied by

the anterior hypothalamus (Myers and Waller, 1978} which in turn exerts control over the

pituitary gland and many of its wide—ranging hormonai functions.  This heips explain why

thermal stress can have such a profound influence ‘on so many different functions
(Tromp, 1980). Solar radistion has wide-ranging effects on the body. In addition to
controlling the thermal regime of the atmosphere, direct solar radiation affects the skin,
hormonal regulation and vitamin production. Humidi’ty and wind speed both- have
profound effects on the temperature of the air as perteivad by the human body.

F:gira 2.2 is a simplified representation of the intgrrglatieﬁéhiﬁ:s between the four
main weather parameters and physical comfort The diagram was formulated by Olgyay
(1963} and 1s designed for application in the cmﬁ@:tsé States for a lightly—ciothed
person doing no more than light work. In the winter, thehct:mfar’t zone is stightly lower,
since seasonal acclimatization takes place. AN |

A growing schogl of thought arg:oa; that atmospheric ionization also has a
prafcgné effect on health (Krueger, 1972; Sulman, 1976). Positive ions apparently have

a delaterious effect, while negative ions seem benaficial

[
C. The medical impacts of weather on man
Waesther and disease:
Pathologic disorders result from & variety of etiological factors. It is often

-wmmmﬁrmmafﬁym n some caes, o@cﬁﬁn“

factors is weather. Waather :né climate can infiuence disease through their effects on

the regulatqry systems of individuals and on the survivability of infectious agents.

.
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An example of the latter effect can be seen in the case of yeliow fever
Infectious diseases are quite obviously generated by bacteria or viruses, but their sprud
is largely dependent upon factors that control the spread of the causative agent In
yellow fever, the mosquito that carries the virus is énlﬁ able to survive in specific
tropical and SLﬁﬁ'apoc; regions, largely for climatic reasens (Brown, 1977). This is an
axample of how climate can limit ths geographical extent of a disease. _ _

In some pathologic disorders. weaather and climate can be cited as one of the .
primary ‘factors. Obvious examples include heatstroke and hypothermia, afthough they
also depend on the physiological raspofses and adaptability of the individual. One
serious disease that has a profound meteorological connection is skin cancer (Mackie,
1977). Excessive exposure to high intensity s;clar raciation increases the risk of

depletion by man—made pollutants is the likely increase in the prevalence of skin cancer

f. the_major\ concerns srising from stratospheric ozone

;, $iNCe a reduction mn ozone concentration wbuld allow greater amounts of ultraviolet

radiation to reach the earth's surface (Kellogg and Mead, 1976). Interestingly. skin cancer

affards effactnva pmtactlan against solar radiation. This is an ax:allaﬂt example of what

is probably a climatically-induced adaptation in man for tropical survival (Brace, 1970).

Queensiand. Australia, populated almost entirely by fair-skinned people.

The role of weather in disease causation is usually harder to define, hewéver
Alrnast everyone is familiar with the suppc:seﬁ flare— ups of arthritic pain that suffgrars'
. claim dprmg certain waather E:Qnﬂitu:ns Their complaints appear to be valid (Lawrsnce
1977), aithough exactly why is difficult to tell. This is often the case. There are many
examples of clinical siiments that have been statistically correlated with particular weather
situations, but the complications arise in determining just hewe the stmospheric conditions
" may be stimulating the pathological response. and to what axtent the atmospheric
conditions are s;gnifi;mf; Solving these two problems has obvious implications for both .
therspy ang the grester understarding of p

Arthritic dissases appear to be often lss:;;mtad wntﬁ certapn weather conditions.

Rose (1974) found a good corralation bétwaan exacerbations of 1rthri_tit: pain and both



high relative humidity and rainfall Tromp and Bouma (1970) discovered that 100% of
: thmr sample of arthritic patients had inefficient tharmgfaguhﬂan and thus were likaly

sensitive to temperature changes

Faulty hrmaregulatmn was also found in asthnu’hes (Figure 2.3) After 2 '.

pronounced cooling of tha left hand in an ice water bath, all asthmatics tested
Qerﬁﬂnstratad a marked inefficiency in returning the temperature of the cooled hand to

its initial level. whereas healthy subjects shoWed a rapid response. This rewarming

inafficiency is present at all times, not just during sttacks,: Tromp ‘and Bouma (1965)

found a marked increase in asthmatic attacks among 75 Dutch children du‘vng cool
periods. Asthmatics seem ita react-strongly to rapid changes in temperature in sither
direction There may LJ:E& a link between hypothalamic ﬂ'\arrrmr@mary function and
asthmatic attacks. 7 ) :

. Even psychotic diseases, such as schizophrenia. exhibit maeteorological
relationships. Schizophrenics demonstrate greater unrest during the infiux of warm air
masses (Tromp and Faust, 1977). Rohden (1933) fau;'Qd an increase in suicide attempts
during periods when the hot, dry Foehn wind prevails in Bavaria ,

The Foshn and. other similar alpine winds have long been believed to- have
biological effects, both physjcal and m-nt:l Studies of the Sharav in israel (Suiman,
1971, 1976) have shown this hot, dry desert wi to elicit three distinct reaction
syndromes from various portions of the paﬁulst'i‘t:ﬁ Suiman ‘has termad these three
reactions the Serotonin /rritation Syndrome, tha Exhaustion Syﬂﬂrarre and the 7".vra1d
Syndrome. Each is chfactaﬁzgd by maasurabla bocbchmcal changes 1{1 those

susc:aptible ususlly occurring 1 to 2 days before the Sharav. Fc:arh'disaisa" in Europe -

also seems to develop a day or two prior 1o the arrival of tha Foehn. It is characterized
by a wide varisty of symptoms, including migAsine (Bfg;awsky 1964). in Nartb America,

the Santa Ana in California has been blamed for murder, suicide and violence of all sorts

(Anderson, 1975). The Canadian Chinook, on the other hand, seems to be associated with

favourable effects by most authors and irritating effects by a few. Anderson (1975) -

ssys that the the Chinook is usually 3 welcome occurrence and _Ergz@wsky (1964) feels-

that the Chinook makes "an extremely cold Wi::rmildar_ ad the transition to spring less

violent It is possibie that a sojourn in this climXe is associated with favourable biclogic
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effects” ip 396). Unfortunately, there is no concrete evidence aitha% way.

Much more detailed analyses of the relationships: between waather, climate and
disease can be found mn Tromp (1977, 1980). Diseases which g:pa;r to exhibit
fluctuations in incidence and in severity related to weather are humerous In most cases.
what is unknown are the patho-physiological mechanisms that mediate meteorological
stimuli and result in particular ilinesses. This has both clinical and economic implications.

Understanding the role of the atmosphere in changes in health and disease and utilizing
beneficial resuits.

Waesther and mortality:

more insidious threat Seemingly innocuous weather conditions can, under the right

circumstances, directly or indirectly cause significant loss of life.

In 1952, a large anticyclonic cell of subsiding air trapped pollutants near the .

surface in London, England. and contributed to the deaths of over 4000 people (Burton,
et a/, 1978). In 1948, a persistent thermal inversion over Donora, Pennsyivania, trapped
suifur and hydrocarbon pollutants in the heavily industrialized valley of the Monongahela
River -and was responsible for the deaths of 20 people McDermott, 196 1),
_ Heat waves, particularly in the térn_perzté latitudes, are cansisténtly accompanied
by increased mortality. If the physiclbgical regulatory mechanisms désigr;ad_ to raduce
heat stress are insufficient or inefficient, then pathological ::t:nditimi may dgvsl«:%
These include fainting. heat exhaustion, dehydration and heat stroke (Gold, 1964). Death
may occur in the elderly and the very young whose circulatory systems ;r% unable to
‘respond. " ‘ ' )
_Laﬁésbérg (1969) correlated the mean weekly death rate with the ‘mean weekly
température in New York City during the heat wave of 1966 (Figure 2.4), showing the
effects of hest stress on mortality. - Studies of the British hest wave during the summer

of the heat wave on the elderly in particular. During this period, virtually all excess
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deaths occurred ‘FSS age group There was no coincident rise in mortality
among those 4 or under Macfariane and Waller, 1976). An interesting point wés made
by Lyster (1976) who noticed. that the rate of mortality rapidly decreases after the initial
peak. even though the temperature remains high. This is likely due to the fact that those
. individuals susceptible to heat stress succumb quickly and there is no langer a significant
mpact on the remainder '

Marked seasonality in the death rate has been weli-documented Momiyama and
Kathyarma (1966) found a pronounced pask during the winter months in both Japan end
Great Britain Seasonal fluctuations in the USA. on the other hand' were aimost
non-existent, probably due to more effective artificial control of the indoor environment

This tends to reduce the impact of the outside cﬁmate: In Canada, there is also a peak in

due to respiratory ailments were 78% higher in January than in Ilte summer Most other
causes exhibited similar, although less marked variations. with the exception of cancer
which showed virtuall; no seasonal change whatsoever. Deaths resulting from accidents,

poisoning and viclence were most frequent in the summar.

Major works in medical biometeorology ; i
The writings of the Greek physician Hippocratas, some 2400 years ago, ae a
reflection of the keen awareness that mﬁy ancisnt E’r_vilizatipns‘ had of their natural -
environment. Tﬁe finest example of this is his diséertstiaﬁ entitlted A/rs, Waters, Places,
in which he explains the apparent relationships between health, weather, water and
geographical vit:eatiaﬁ, In addition, his medical Apﬁaﬁs}ns contain many references to the
| impact of atmosphere on haaith. For example, he raveals the following:
The changes of the seasons are especially kable to beget diseases. as are great

changes from heat to cold or cold to heat in my seasorn. Other changes of the
weather have similarly severe effacts

South winds cause deafness, misty vigion,
condition of the body The north wind brings ¢
retention of orine sccompanied by rigors, pains in

As regards the waathar in general. drought is more healthy than rain and less likely
to provoke fatal iliness.
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Subsequent research has proven Hippocrates to be remarkably astute.

Sir William Hingston, MD.. (1884) applied Hippocratic medical climatology to the
young Dominion of Canada He assessed the effects that the various climatic types
would have on the heaith of the 'uhab?tmgs. He concluded that, “The maritime and
contmnental .f.oatwos. harmoniously biended in our climate are. methinks, favorabie to the
highest deveiopment of a hardy. long-lived. intelligent people” (p. 941 In a similar work.
Dr. AN Bell (1885) described the climate of the continental United States and its clinical
effects - | | ’ oo
The above quote by Sir Wiliam reflects a pépula.r school of thought in the
nineteenth and early twentieth centuries. »Chmatic. or environmental, determinism, as it
was called, declared that the forces of the natural environment were the most powerful
shapers of the vitality and cultural traits of the worid's numerous ethnic groups. Two of
the foremost proponents of this school were Drs Elisworth Huntington and Clarence
Mills, who wrote Mainsprings of Civilization (1945) and Cl/imate Makes the Man
(1942), respectively Both authors ascribe the technological advancernents of man in the
temperate zones to climatic factors. As Mills states in the conclusion to his book, "The
energetic man of stimulating regions should appreciate the good fortune which ptacgd
him under such favorable circumstances He has no cause for egotism; instead he should
give credit to the natural forces which made possible his accomplishments, remembering
that ¢/imate makes the man™ (p. 319. author's emphasis) This doctrine has since fallen
into disreputé, however, as it ignores the major contributions of political, psychological,
nutritive and numerous other factors to cultural destiny. Nevertheless, it does stand as a
testament to the importance that is sttached to weather in its influence over our lives.

The era of modern scientific medical biometeorology was initiated by Or. William .
Petersen with the publication of his monumental four vokume work, The Petient and the
Wedther (1938B). Although mostly documenting empirical research. it was the first
serious attempt to determine the patho-physiological link between clinical ailments and
ambient weather conditions. * ‘

The next major works on the subject were Medica/ Biometeoro/ojy (11963), by
SW. Tromp, and Medical Climatology (1964), edited by Sidney Licht Both works, but -

particularly Tromp's, provided an exhaustive review of the field They remained the most .
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significant references until the ﬁ;hhcatngn of Biometeorol/ogy (133@). also by Tromp.

. Other notable contributions include Westher and Hea/th (1969 by Landsberg
Weather and Life {1972) by Lowry, C;iniate and Life (1974) by Budyko and Heal/th,
Weather and Climate (1976) by Sulman A fascinating account of the axtent to which
climate can be seen as a cultural determinant is given by Robbins (1966) in £xp/orations
in Psychocultural Bioclimstology

A number of monographs and technical memoranda have been written providmg
concise analyses of fundamental aspects of medical bicsmetagfélagy. These include
Recent Studies in Bioc/imata/ogy (1954) edited by Sargent and Stone. A Survey of
Human Biometeorology (1964) by Sargent and Tromp. Thee Assessment of Human'
Bioclimate (1972) by Landsberg and Tre Atmospheric Environment. A study of comfort
and performance (1972) by Auhciems Detailed syntheses of biometeorological research
and extensive bibliographies are contained in the occasional publication, Progress in

Biometeoro/ogy, editad by Tromp and Bouma

)



Il. Background to Headache snd Migraine

A. The various types of haad pain

there is virtually no one who, at ona time or another, has not been beset with ths
dISCQI’ﬁfQﬂ it produces Not surprisingly, the types of head pain are varied as are the
causes r&d symptoms. Head pain can be divided into two major gaq;s intracranial and -
axtri:fni Rmmhﬂtmﬂiwﬁchmastpiqpleraffﬁﬂw »

The term intracranial refers to the fact that the source of pain lias within the skull

Tires types of intracranial pain can\be identified i) traction: ii) nflammatory, and i)
vascular. The  first two varieties are offwmpus and often signs of serious disuse.‘
Fortunately, they are fairly rare. The intracranial vascular headache is usuafly quat}; benign
pressure on pain sensitive structuras. These lgsnans include  tumors, hematomas, and
abcesses. Inflammatory headaches result from inflammation of the outer membranes of
the brain and spinal cord (meningitis) and surrounding blood vessels. Hemorrhaging under
or within these membranes can also nmca headaches of this type.

The pain of intracranial vascular h-idir;!ﬂs_is caused by excessive vasodilation of

the cerebral blood vessels. This sort of headache has been experienced by many in the

form of a hangover following excessive aicohol intake. Ethyl aicohol is a potent
vaSodilator, as is at least one of its byproducts, acetylaldehyde. It is not fully known,
however, whether the vasodilation associsted with hangover is caused by the alcohol
itself, its byproducts, or histamine. another common component of many alcoholic
beverages (Lance, 1978; Ryan and Ryan. 1978). intracranial vasgdilatiaﬁ rﬁ:y also be
produced by CO, retention, fever, hypoglycemia, and hyperthyroidism Very few
headaches of this type are potentislly serious.

Extracranial headache, or headache stemming from a source outside the skull, is
by far the most common type of head pain. The two main clagses are muscle contraction
hesdache snd-vascuter hesdache. 1t the ubiquitous use of headache tablets is sny
indication, few of us have escaped an attack of muscle contraction hesdache. This
condition is often referred to as a "tension” headache. since it is usually caused by

20



emotional strains, fatign;a. or si,;rgss, The pain is generated by the proionged contraction
of the skelstal muscles of the head and neck. Muscle contraction headaches are
generally episodic and vary widely batween individuals n terms of ntensity, frequency.
and dratnan Approximatelty 75% of the chronic sufferers are women
The last major type of head pain is the extracranial vascular haadache, in which
pamn is produced by the distension of scalp arteries The common name for most
afflictions of this sort is migraine The term migraine is derived from the Greek word
hemicrania. referring to the tendency for the pain to be confined to one half of the
head. atthough it occasionally may occur bilaterally or across vtims:wts of the face,
neck and scalp. The types of migraine are many and varied, but they do taﬁd-m exhibit
many of the same symptoms (Table 3.1) i The attacks are generally episodic and
recurrent, naurological disiurbaﬂtas cﬁef\ occur. upsetting sensory capacities,
gastromtastinal aggravations are prevalent
‘ The underlying cause of migraine is not well understood, but the mechanisms by

which migraine manifests itself are no secret The initiaf phase of an attack is

characterized by intense .vasoconstrictron of the cerebral arterid®s, causing a decrease in
cerebral blood flow and resultant hypoxis (Skinhéj, 1973) Some 10-30 minutes
thereafter, vasodilation of the scalp. or extracranial, arteries occurs, resulting in
throbbing head pain. Féllewing this initial vasodilation, the vessels become edematous as
the vessel walls become engorged with fluid Figures 3’! and 3.2)

Migraine tends to be more pravalent in women than in men. Various studies have
shown that the proportion of female sufferers is likely between 60% (Selby and Lance,
1960) and 75% {Lance and Anthony, 197 1; Oleson, 1978). In young chd«tan ‘however, it
appeirs that about 60% of migraine cases are boys (Prensky, 1976). Mgét patients
suffer their first migraine sttack beféra the age of 20 (Figure 3.3). Over 40, the onset of
migraine is very rare.

Selby and Lance (1960), in observing cases st a neurclogical clinic, found that the
average bout of migraine Ilasted less than 24 hours, aithough they cen extend for seversi
' days ’(Fi.gura 3.4) Over half of the j:::t;gﬁts gxrzéﬂéﬁcad less than 5 attacks par month

(Figure 3 5).
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Table 3.1: Symptoms sccompanying migraine sttacks in 500 patients. (After Raskin

Symptoms:

Nausei

Vomiting

Duarrhea

Photophobia

Visual disturbances
----fortification spectra
---- phoropsia. .
Parathesias

‘Scalp tenderness
Lightheadedness

Vertigo

Alteration of consciousness
----sejzure

~---Syncope

----confusional state

and Appenzelier, 1980)

Percentage affected:;

87
56
16
82
36
--10
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A disposition towards migraine appears to be a familial feature. A family history
of migrainé is found in about 50’@ 60 % of patients (Lance and Anthony. 1966). One
femaie subject in the present study submitted a list documenting migraine ancestry in her
family spanning five generations interestingly. all of those who acquired the affliction

were female.

B. Pain Production in Migraine
Migraine is distinguished from other types of head pain in that the pain. that is

experienced during an attack orjginates from tha extracranial (and possibly, in a small

they observed that the severity of headache increased with an increase in the amplitude
of pulsation in the scalp arteries. Furthermore, the injection of ergotamine tartrate,
commonly used in the treatment of migraine, decreased puisation by 50% and relieved
the headache. During the neurological disturbances preceding the onset of a migraine
headache, ‘puls:tio,n of the scalp arteries is at its lowest The pulsation increases on the
affected side with the onset of pain (Tunis and Wolff, 1953)

Pechaps the most distressing aspect of this vascular theory is the fact that cranial

vasodilstion is a common occurrence and is definitely not a painful experience. Exposure .

- to heat produces marked vasodilation, yet results in no pain.  Obviously, certain

physiological functions triggered during migraine act to increase pain sensitivity within the
scalp vasculafura Several theories exist as to why this may be so, and thsy are by no
means mutually exclusive. It is likely that thare are two or more interrelated mechanisms
that stimulate head pain during a migraine attack. |

Wdlff (1872) hypothesized that in addition to vasodilation, there occurs on the
afflicted side. a local sterile inflsmmation, during which a certain substance or
substances, buikds uUp within the arterial walls to lower pain thresholds. Specimens taken
from the.hud during headache attacks yielded a protein that had previously been
unidentified. This substance was labelled neurokinin. The amount of neurokinin found in
the spobﬁnéns was ;:Iosely related to the intensity of the attack Furthermore,
administration of ergotamine tartrate produced relief from headache and a diminished

L
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hyperthermia, does ﬁm;c:ause the release of ﬁegrakigin (Chapman, et a/, 1960). Wolff
élsa detected the presence of a ‘neurokinin—forming enzyte (NFE) during migr aine
attacks. It seems likely, therefore, that neurokinin and the enzyme NFE are significant
humoral agents in migraine's pain mechanism . 7

Rapid changes in the calibre of large BRod vessels during the vasodilstory phase
of ﬂ&alﬁé may also produce pain (Lance, 1978). If the capillaries fail to dilate as quickly
as the larger vessels, blood begins h:: accumuiste, causing the large vessels 1o be come
over-distended ’Tﬁis may ‘explain why many patients exhibrt a pale complexion desprta
excessive blgad flow in the temporal arteries. The administration of s@smg&!ﬁg.
the dilation of smaller biood vessels has been shown to relieve mugrsme headache (Lund,
1957) ' o i

Another possible pain mechanism is simply the pressure of distended arteries on
adjacent pan sensitive structures (Ryan and Ryan, 1978). Large blood vessels are more
densely nnervated than smaller ones and are therefore more sensitive to pan. Ray and
Wolff (1940) provoked throbbing headaches by repeatedly distending and collapsing the
sq:rgrﬁéid tamparll artery. Nausea was also induced in some patients, effectively
simulating the autstmdrng characteristics of a rmgrm attack.

éam from the temporal artery and its branches is mediated by the trigeminal nerve
(Figure 3.6). The ac:;ipifai nerve transmits pain sans;ﬁens from the ééstgriar extracranial
vessels. Because these two nerves connect at the same cells in the upper spinal cord, it
is possible for pain in the neck to be rgferr;d to the forshead shd.vice versa ’The vagus
and glossopharyngeal nerves are aiso significant pathways in the transmission of head

pain

C. Migraina and its Variants

The Research Group on Migraine and Hudichu (1969) defined two forms of
typical migrame,.classic and common, and seversi stypical forms. A description of these .
follows T -

\-

-
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Classic migraine's most distinguishing symptoms are the visual and other _
neurotogical disturbances felt just prior to the onset of headache Some of the most

common types of visual images are “fortification spectra’, or bright casteilated iines

photopsia, in which stars of light appear to be falling through the field of vision. Other
common visual disruptions include double vision, scintillating scotomas and darkening of

‘portions of the visual field. Other sensory disturbances include dizziness, confusion and

i head pain and nausea set in.

The murcxlagicial Sym'ptaf:‘ls of r;lassi;fnigr'aiﬁe sre believed toc be the result of a
" significant reduction in cersbral blood flow due to vasoconstriction Skinhej (1970)
estimated blood flow deficits of up to 50% in affected areas. Lance (1978) Fggs%iat it
has been w;eH proven that ischemia, or deficient blood supply, in the cortex or brainstem
is the E;sa of the focal neurological symptoms of classic migraine. It is also possible |
for pralaﬁgeﬁ ischemia of this sort to result in permanent damage, such as impairment of

vision. Guest and Woolf (1964) even reported a death atiributable to cerebyal infarction

””” | RN

Common migraine: ' .
As the name implies, common migraine is the most frequently encountered variety
of extracranial vascular headache (Lance, 197B). It differs from classic migraine in that

the neurological disturbances are absent Cerebral vasoconstriction does occur in

disruption. The headache itself is usually unilateral, but can be bilateral on occasion
. Symptoms such as nausea, vomiting and photophobia that are present in classic migraine
are also characteristic of common, h <

It is quite possible for the sufferer éf common migraine to e;:pariance the
‘occasioggiy neurological disturbsrice, just as classic migraine patients will somatimes
experi only an attack of headache with no accompanying-#ensory disruptions.



Atypical forms of migraine:

Cluster headache [migrainous ingura’lgial is an affliction that derives its name
from the tendency for the pain to come in bouts c:r- clusters of brief, but intensely
painf'uf headaches, usually once a day Often these episodes will last for several weeks
and theh fail to recur for yesrs. Unlike the more typical forms of mig"ainé. cluster
headache is mc;;sst commonly fourd in men. Lance {1978) estimates the male dc;mi,ﬁaﬁ':e in
the order of 3-6:1. The incidence of clustar haadache is sbout 2-9% that of migraine
Friedman, 1969) - | |

T;ﬁe'pa’m‘t:f cluster headache is usually felt béhtn’d one eye and about the cheek.
The headaches \;vithiﬁ one cluster almost always strike on the same side Frequently, the
attacks are ﬁéc:tgrnsl.' Associated symptoms include tearing (lacrimation) in the affected
eye and a stuffy or runny nose (rhinorrheal

Some of ‘the rarer migraine variants are as follows. Facia/ migraine, also called
"lower~hatf headache’, is a disorder is characterized by facial pain around the ayé or

across the cheeks The attacks are generally less painful than typical mugraoﬁe but can

around the eyes is followed by paralysis of the extra—ocular muscles, resulting in a
paralytic drooping of the upper eyelid and restricted eye movement The
ophthalmoplegia usually outlasts the headache by several d’ay-rs; ‘but it may persist for as
long as two months (Cruciger and Mazow, 1978). In hemiplegic migraine, the most
overt symptom is a temporary paralysis of one half of the body This may occur prior to
the onset of headache and then clear up rapidly or it may persist for days, or even
family history of attacks of this sort (Wolff, 1972). Basi//ar migraine is caused by a
reduction in the flow of blood through the basilar artery, causing is'c:hami; in the brain
stem. Symptoms iﬁt:luc;lé vertigo, reduction in muscular goordination, visual disturbances
and fainting. Theﬁa:dacha is rﬁast commonly across the back of the head

Other types of migrainous disorders include retinal migraine, in which loss !c;f
vision is experienced in one eye, and gﬁd@mm«gl migreine, characterized by abdominat
pain. Complicated migraine, a somewhat ambiguous term, generally refers to pafients

who suffer permanent neurological damage following an attack. Some use the term

3 ,



simply to refer to those with extremely pronounced focal neurological ‘disruptions during

a migraine episode Bruyn, 1968).

EI The Migraine Pir:uﬂ-hty
One commonly held behaf about migraine is that sufferers tend to pc:ssass'
certain personality traits. that is, there is an identifiable "migraine personality” Ryan and
Ryan (1978) state that characteristics of the migraine personality include a superiority.
.complex, optimism. extreme ambition and a metnclﬂaus sttention to detail. They tend to
be ‘perfectionists and will keep going even under the extreme duress imposed by a
severe attack of migraine. Alvarez (1959) came to the conclysion that migrainous women
typically possessed "a small trim body with firm breasts”, and that they were of "quick
eager mind and much social attractiveness’ However, this view of a single migraine
stereotype has beeame a point of contention. Maﬁy migraine specialists indicate that the
‘ emotional and psychclagrﬁal backgrounds of migrainous patients is so broad that there
~little or no classification (Sacks, 1970) Henryk—Gutt and Rees (1973) found no

-aine stereotype in controlied studies. Bille
p&rscmahty differences bgtwn:n wm
school-children and their peers. One possible reason for the belief that rnogranna most
commonly afflicts the intelligent and the upper class is that it is these people who are
more likely to consult a physitian about the problem (Waters, 1975) 1t is also quite
possible that cbsessional per;:)n;alﬁy traits may be more the result of migraine and its

discomfort than the cause.

E. Migrsine Triggers -

The list of factors that have been mentiaﬁaé as rmgr‘ilﬁ! precipitants is long and
varied (Table 3.2). -Given the proper ‘stimulus, Lance (1978) feels that anyone can
succumb to ; migraine attack and it is likely that chronic migraine sufferers have a Igwgr’
threshold to certsin Stim:, |
This is why the list includes many seemingly innocuous items. including weather Because

respond clinically to weather t:hanges which do not otherwise have any apparent effects
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Appanzeller, 1980}

Stress and worry Lack of sleep
Menstruation . Hunger

Oral contraceptives Heaad trauma
Glare, dazzle Certain foods
Physical exertion == '
Fatigue ---wine and spirits
Waeaather changas ---dairy products
Excessive sieep : --=citrus fruits

on the majority of people. This same principle extends to-the reiationships between
weather and other ailments.

Stress and anxiety are the most commonly cited migrane triggers. The source of
stress can arise from f:ctérs such as noise, glare, exhaustion and innumerable others.
Perhaps surprisingly, relaxation is also deemed to be a potential trigger. The
phenomenon known a# "weekend headache” has baﬂn documented by Gomersall and
Stuart (1973) who found a significantly higher number of attacks on Saturday than on any
other day. Sudden relaxation may trigger physiological changes. Raskin and Appenzeller
(1980) observed that exhilaration, particularly falling in love, yielded a notable

rmprovement in the migranous condition. Usually, however, relapses occurred and the
attacks resumed eventually. General Ulysses Grant apparently experienced a virtually

instantaneous .recovery from.a severe bout of migrane®once informed of Generai Lee's

T’hg;s. the point is well taken that tha psw;hélagiz—al anvironment of the sufferer has an
important role in migraina. .

- Probably the most controversial migraine precipitant, and one which is very

“frequently quoted, is diet Certain vasoactive amines and other compounds found in

' many foods may possibly have delgtafiéﬁs effacts on the migraine patient Chocolate,

alcch-alicy _-bévaﬁgas.v chease :nd citrus fruits are fhe most common foods associated

with migraine (Smith, et 8/, 1970). Most attention has been focussed on the substance

-tyr-rnuﬁa 2 naturally occurring amine that acts to increase blood pressure and cause the
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release of noradrenaline. Hanington (1967) observed migraine sttacks in patients who

had ingested tyramine-rich foods, B“ﬂ"y dary products. A s;bsem study by-
.Hanmgton l—brn and Wilkinson (1970) found similar results using tyramine and placebo
capsules, However, many further stuches have failed tﬂ duplicate thase results and have
generatly concluded that tyramine is not a significant migrasine trigger (Ryan, 1974;
Forsythe and Redman, 1974; Shaw, et a/, 1978). Thus, -the role of tyramine in migraine
remains largely unresolved A

' The compound phenylethylamine, present in chocolate and red wine among other

thwngs. has also been implicated as 3 dietary trigger. Sandlar, et a/ (1974) concluded that
a cause and effect relationship did exist between PEA and migraine. On the other hand,
however, Moffatt, et #/ (1974) were unable to produce a s:mufocawy higher number of
headachgs with chocolate than with a placebo.

Other possible dietary precipitants of migraine inciude the "Chinese Restaurant
Syndrome”. apparently triggered by the large quantities erf monosodium giutamate used
for seasonng (Kwok, 1968). "Hot dog headache” is another variety that has been linked
to the mtr@s within the meat (Henderson and Raskin, 1972).
sugar levels stimuiste capid turnover of bran serotonin (Curzon, ef #/, 1972) and this may
be of significance. “Any affécts that low blood sugar may have ars almost certainly
mdorect (Pearce, 1971).

The female reproductive cycle has been consistently associated with migi.*,iine;
Lance (1978) states that 60% of women patients can relste the periodicity of their
sttacks to the menstrual cycle. Furthermore, pregnancy acts to alleviate migraine in about
60% of women Many migrainous wmn‘wd'ia have had hysteractomies but retained
their ovaries still experience attacks every 28-30 days (Ryan and Rysn, 1978)
Somerville (1972a, 1975) discovered that premenstrual rmgrm tends to occur as levels
of both aistragen and progesterone are falling, but thit it is the withdrawal of estrogen
that is significant Since estrogen levels aiso fail dramatically in the middie of the cycle.
this could account for complaints of mid-cyclé migraine. B ) '

There is an apparent relationship between mugr-nc ad contraceptive pills. Most
women fit into two groups There are those ,whc:se.haad;ches are iggr:vatsd. aithar in

1
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frequency or severity, by oral eaﬁﬁééﬁtivgs. while some women notice no change (Ryan
and R;m, 1978). Only a very smail number experience an alleviation of attacks. Greene
(1975 fou;d a correlation between migrane frequency and estrogen concentration in |
cm&xuptives. Low doses of estrogen can be used successfully without ;gg‘zv;t'ﬁﬁ_
migraine. l 7

Welcome relief from migraine is often found during pregnancy. Somerville
{1972b) observed that 24 of 31 r’r;'vgaimus women in one study had a remission of
migraine during pregnancy. Unfortunately. the profuse biochemical changes that appesr
dunng pregnancy readily obscure why this may be so.

There are many other potential migrane precipitants. Dalessio {1974) observed

"Footballer's migraine” has been seen in soccer players after "heading™ the ball too often
» (Matthews, 1972). Other types of head trauma hsv; also’been implicated in migrane.
Naturally, a ,felationship- between migrane and weather has also been frequently
mentioned and will be discussed at length later. ' |

F. The Psthogenesis of Migraine o -
it is well established that pronounced vasculsr changes occur during fmigrane,

accompanied by various epiphaﬁém The vascular activity of migraine is biphasic with
cerebral vasoconstriction being foliowed by extracranial. and possibly cerebral,
vasodilation. Subsequently, iocal edema sppaars at the site of the hudachu

The major stumbling block in the clinical analysis of migraine is its mystgriaui
etiology. Its underlying cause and the mechanisms that produce the symptoms
experienced by the patient are still largely unkhown and the subject of much conjecture.
Unfortunately, resoirch is complicated by the fact that there is no comparable animal
model and that attacks within individuals are intermittent and widely varisble.
Furthermore, the wide variety of symptoms and the numerous trigger factors seem to
indicats the presence of several interreiastad mechanisms.

There sre two basic hypotheses about thé mechanism of migraine. 't may be a
central disorder of the vascular reguiatory mat:hmusm resuiting in poor control of the

tone and calibre of blood vessels. It may also be the result of dysfunctional biochemical

\
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to the migraine process It is likely a combination of both, mvolving the autonomic
nervous system and certain humoral agents.” Some of the more important migrame

pathogens will now be discussed in detail

Serotonin:

The most widely implicated humoral agent h migraine pathogenesis i1s the
vasoactive amine serotonin (5-hydroxytryptamine). It is synthesized in the intestinal w;ﬂ
where it is picked up by blood platelets. Aside from the intestine, most serctonin is
bound to pli#telets, smaller amounts exist in the brain and traces remain free in blood
plasma _

Serotonin tends to c::mstric:trlirge blood vessels and dilate smaller ones; this is
. the opposite of what happens in migrane. Therafore, one might ax;m:t decreases in
blood serotonin to be associated with migraine atiacks. This- relationship has been
consistently demonstrated (Lance, 1978).

Platelet—bound serotonin tends to decrease markedly during the onset of a
migrane headache (Anthony snd Lance, 1975; Somerville, 1976). Furthermore, the
presence of a serotonin-releasing factor has bsen detected in the blood during migramea.

not present in normal blood. Another study by Anthony, ef a/ (1967) found that a drop in
pistelat sgﬁ:nmnh levels was not a general response to pain and stress, but was specific
to migrsina. Urinary concentrations of serotonin and 5-HIAA, its main matabolite,
increase during an attack (Sicuteri, et a/, 1961). < ' '

Platelet serotonin can be djjcressed by the intramuscular injection of reserpine. In
non—-migrainous subjects, this usually resuits in a dull headache, while most migrainous
patients axperience a typical rﬁi;faini sttack. Subsequent injections of serotonin can
alleviste these headaches by increasing plateiet—bound serotonin (Kimball, et o/, 1960,
‘Anthony, et a/. 1967). - ' T
The aggregability of platelets, or their tendency to clump together, is a measure

of thair serotomin content Lower lavels of platelet serotonin mean increased platelet
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aggregation Hilton and Curmings (1971, 1972) found that serotorin-induced platetet
aggregation is grester at all times in migrainous subjects than in normal subjects,
indicating a reduced capacity for migrainous platelets to ratain serotonin
Hormonal circuits involving serotonin can also be found in many other
physiological functions Saréténiﬁ is an important neurotransmitter (Curzon, 1978) and
has also been implcated n sleep. mood and thermoreguiation [Edeiman, et a/. 1977;
} Myérs and Waller, 1978) Decreases in brain serdbnin levels also tend to lower pain
thresholds (Herz and Blazig. 1978) The fact that serotonin performs a pleﬂwcré t';.if
activities m various physiological systems seems consistent with the wide variety of
symptoms present in migrame
) The major hypothesis still. however, revoives around the vascactive properties of
753!*&‘[:3!1"‘\. it is apparent that a serotonin-releasng factor appears in the blood at the
onset of migraine resulting in the sudden withdrawal of piateiet-bound serotonin Thus,
it is assumed that there is a consequent loss of vascular tone. There are. however,
several objections to the theory. There is no evidence to confirm that serotonin is
significant in rg@lanng arterisi toné during migraine. Furthermore, why are only the
¢ ctanisl srteries affected when pistelst serotonin levels decresse n other areas as well?
Obviously, the consistent correlations between migraine and serotonin implicate a

profound link between the two, but the precise relationship is far from clear.

Prostaglsndins:

oo long chain fatty acids synthesized in all parts of the body.

Prostaglanding
They have .S@”liﬁm effects on cerebral circulation with PGE, being a potent dilstor and
PGE, a patent constrictor. » ’ |
A study in Scandinavia reported that the intravenous injection of prostagiandin E,
triggered typical migraine attacks in non-migrainous volunteers (Carlson, Ekelund and Oro,
1968). The subjects developed headache, sbdominal psin and nausea; two subjects even
reportsd flashing visual disturbances prior to the onset of uhilateral headache Howaver,
Anthony (1976) noted no changes in PGE, concentration in the blood during migraine
attacks

.
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In studies on monkeys. Weich. et a/ 29?4) found that PGE, induced marked
extracranial vasodilation and loss of central vas;‘;::uli control Furthermore, at high doses,
there is a reduction of cerebral biood flow, likely due to axcessive blood flow nto the
external carotid artery. .

Serotonin 1s closely linked to prgiw as it acts as a PG-refeasing factor
(Alabaster and Bakhle, 1970). It is likely, therefors. that prostaglandin release is
secondary to the-reiesse of serotonin (Anthony snd Lance. 1975) The rote of PGE, in
migrame may very well be confined to contributing to the haad pain at the site of arterial
nflammation

Histemine: | o = '

Histamine has long been thought to be involved in migraine. 'lﬁj@éﬁﬁ:ﬁ of histamine
can provoke a severe. but brief. throbbing h¢fidache. However, uniike migraine, this
headache can be blocked by the prior admmistration of antihistamines (Ostfeld, et o/,
1957). | '

Histamine levels increase during migraine and are considerably higher after :n ;
attack than before it (Anthony and Lance, 197 1) it is uniikely that histamine is significant
in stimulating the onset of migraine, but it may have a local pain-provoking effect at the

site of arteria_l inflammation {Curzon and Hilton, 1975)

Central vasomotor dysregulation:

Examination of the vascular responses in migraine sufferers indicates that
migraine may be the resuit of a uﬁtral disorder that inhibits proper reguistion of the
vascular system (Raskin and ’Appqnzaiiari 1980). Changes in posture can induce transient

(Raskin and Knittle, 1976). They also appesr to show
t and cold stimuli (Appenzeller, et o/, 1963, Appenzelier,

cerebral ischemia in mMigrai
slower vascular responses t
18978). Unfortunately, other/ studies have found conflicting results (Macmillan and
Hockaday, 1866, Fr &, 1967).

Lance (1978) states that there is no conclusive evidence to support the theory of
dysfunctional central vasomotor control. Raskin and Appenzelier (1980). however, -fnl

that the idea is viable. At pressnt, it remains in limbo.



Conclusions:

Wolff (1972} snd Dalessio (1980} view migraine as a "cerebral vasospasm”,

generated by a migrasine sufferer's hyperreactivity to external and internal stimuli. Thus, :

any factors that are perceived by the brain and central nervous system as thraﬂ!ﬁmg or
-
noXious trigger an excessive reaction within the vascular system This reaction which is

manifested as migrame, involves both the central and peripheral vasomotor machanisms

as well as a sterile inflammatory reaction within certam arterial walls. It is the latter

component that produces headache Lance (1978) agrees with this assessment He
describes migraine as a "hypersensitive protective mechanism for presarving the ntegrity
of the brain against any sudden change in the internal or external environment” (p 177)

It is obvious that migrame is a response to various internal and external stimuli
“’%rmsmisggﬁ of these stimuli to the vasomotor centers is via the autonomic nervous
system. certain humoral agents, such as serotonin, and/or immune mechanisms. It is shl!
ot known which of these is most sngnrﬁ;lnt Sicuterl (1976) suggests that migraine is
tha result of a egmr-l serotonin deficiancy that acts to b\msr pan threshoids. ,

It is very possible that the headache associsted with migraine is secondary to the

vascular responses that occur within the brain The direct result of certain stimuli is a

neurovascular reaction that aiters cranial blood fiow Certain biochemical changes that -

result from this reaction may provoke the headache thst is usually the most overt and
aggravating of slamigrane symptoms fLance, 1978; Dalessio. 1980).

_ Any impact that weather may have on rﬁng—ama is undoubtedly related to the lower
threshold of resistance that sufferers heve to their externsl environment Stress
imposed by westher, ba it a change in air pressure or an increase in temperature, may be
sufficient to provoke an excessive physiological reaction resulting in a migraine attack.
This will be discussed more fully in Chapter 8



IV. A Review of the Literature on Weather and Migraine

“No cheerful breeze this sullen region knows,
The dreaded East is all the wind that blows.

Here in a grotto, sheltered c/ose from air,

And screened in shades from day’s detested glare
She sighs for ever on her pensive bed,

Pain at her side and Megrim at her head.”

Alexander Pope

- The Rape of tha Lock
Canto No. 4
1714

A common carrplam among migr sine s}uffarafs is the aggravating effects that

falling barometric pressure. gl,arg, haat. cold, thunderstorms and specific local wnds,.
such as the Sharav of israel and the European Foehn

A. Historical antecedents
The above quote by Pope indicates ari awareness that many of our predecessors.
had of the influence that westher can exert on migraine.

aliudes to two
well-documented migraine triggers: il the wind he describes as "the dra;d:d * 118
remarkably like the hot, dry Sharsv that descends on Israel from the deserts to the east,
provoking misery and ill-health in much of the population (Sulman, 1976); and iil “day’s
detested giare” is a factor that seems to induce attacks of migraine in sbout 30% of
those susceptible (Pearce. 1971). It ns fairly easy to find other historical references to a
weather -migrsine connection The eighteenth—century physician, Charles Lepois, wrote
an autobiographical account of his migraine attacks and sttributed them to c,:h,irién in
climate, westerly winds and rgjnstcrrﬁs Dalessio, 1968). Robert Seéﬁ,, the Antarctic

axplorer, consistently suffered attacks '10§ 12 hours before a storm Milsc:ri, 1972
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B. Weather-migraine stixlies

SW. Tromp (1963), a biometeorological pioneer, felt that “forms of migraine are
most common during drastic Ehmgés _in weather, just before heavy snowfall
thunderstorms, and so forth” (p. 544). In his most recent book. Biometeoro/ogy (1980),
he adds other possible factors. mncluding frontal passage and sudden changes in light
intensity. ] .

The most comprehensive study on weather and migraine to date was performed
by Gomerball and Stuart (1973) in Aberdeen, Scotiand During the study period
(November. 1969, to May, 1970), 55% of the subjects experienced at least one attack
that they felt could be attributed to weather. In total. however. these only accounted for

' 2.5% of all attacks. Their most. significant conclusions reported that there was a

decreased incidence of ;ﬁgxs during periods of both low and falling pressure
Furthermore, attack frequency /ncressed as the stmospheric pressure rose. These
particular results, however, ramain unsubstantiated Other findings of note by Gamgrs;u.
and Stusrt.include a higher frequency of attacks during periods of low relative humidity,
the effect of glare as an aggravating factor in migraine attscks, anvdme onset of migraine
in some patients 10— 12 hours prior to thunder or snow storms A small percentage of
subjects were 3lso sensitive to atmospheric cooling.

Barrie, et a/ VHSSE), during a two-month study in and around London, found no
reistionship between migraines and barometric pressure, temperature, rainfall, sunshine
or wind speed and concluded that weather was mot significant A five-year study in
Bavaria by Kugler and L:.ﬂ (1978) uncovered no correlation between migraine and

temperature, pressure, humidity or ionization. e

C. Gilare and bright light

Glare and bright ligﬁt is mentioned as a precipitant by sbout 30% of migraine
sufferers (Pearce, 1971). Golla and Winter (1959) produced a migrainous reaction in
susceptible subjects using flashing lights. Rawnsliey and Loudon (1964) cite bright
sunshine as a major cause of headache on the remote Atlantic istand of Tristan da Cunha
Even in children, glare is recogrized as a major factor, from sources such as bright

sunshine reflecting off snow or the sea (Bille, 1962).



41

D. Barometric pressura
Lance (1975. 1978) mentions that changes in barometric pressure may provoke
migraine It was ;is’c very frequently cited as a potent trigger factor by the subjects in
this study. Some patients seem to possess what Sacks (1970) !{:;llls ‘meteorological
clairvoyance” and claim to be able to predict imminent storms or changes in weather.
Very often. these individuais feel that it is the fafling atmospheric pressure that precedes
thess storms that aggravates their migraine.
No study into the mng‘ﬂﬁé‘wﬁﬂﬂr connection per se has been able to determine
a connection betwm falling pressure and increasing migraine fraquﬁn:y or severity. In
fact, results to the :eﬂﬁry waeare noted by Gomersall and Stuart (1973) who observed an
inCrease during rising pressure. However, presmre extremes more severe than those
* experienced during synoptic-scale disturbances have been shown to affect otherwise
- healthy individuals. ' |
Sensitivity to very low barometric pressure can be seen in the (:gf::.ﬂii Vafflic;tiaﬁ
known as "mountain sickness” Exposure to the low pfaéswé and reduced oxygen

content of high altitudes can provoke numerous reactions, but the most common and

severe is pronounced vascular haadache Y(Sigant and’ Tromp, -1964; Dalessio, 1980\
King and Robinson (1972) induced throbbing he:dm:hes n 30 hettthy young males after
exposure to simulated altitudes af about 4500 m. The severity of symptoms increased
%or the first 24 to 48 hours and then began to subside. Investigations by Appenzelier
(1972) indicate that altitude sickness is u-tkﬁawﬁ at éigv:tkzﬁs below 2500 m, but above
4000 m. it will appear almost universally in thx:ss who are unacclimatized Anderson, et
a/ (1965} repcﬂad a migraine—like syndmma that developed in four maLg subjects
immediately after dgcamprassnan from simulated depths of 20 to 40 m underwater’
‘Engel, et &/ (1945) absarvaﬂ migrainous episodes in subjects 5 to 30 minutes after.
descent from a simulated altitude. ' oot

Relief of migraine using pressure treatments has been aﬁﬁ;ﬁptéd by Tromp
(1980) and Raskin (1979, personal communication). Tromp Claims success in refeving
serious cases of migraine by repeated exposures to low pressures {above 2000 m) and

temperatures below 10°C. Raskin, on the other hand, used high pressure trestment
(simulated depths of 30 m underwater) on 20 Pgtiants without significant succhss. -
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Thus, there appears to be some association between barometric pressure and
vascular headache. Rapid and extreme changes (more than about 10 or 20 kPa) in aither
direction tend to aggravate. There are major difficulties, however, in assessing whether
the pressure change is a direct causal mechanism or, as is more “likely, imdilfeet it is
probably a function of the change in the partial pressure of axyg\sﬁ m the air. It must be A

remembered that these studies of mountain sickness involve far greater axtremes of

are therefore subject to cautious interprétation in terms of the weather—migraine link.

. , | o

E. Local winds .

Certain local winds have long b&é?\:@ﬁsiééféd to be unfavourable to both general
health and migraine. The most notorious of these:are the Sharav, or Khamsin, of the
Middle East, and the Foehn that descends the northern edge of the Alps into the v.ilieys
of Switzerland, Austria and Bavaria (Sulman, 1976: Tromp, 1980). Apparently, Sigmund
Freud commonly attributed his attacks of classic migramne to the ltalian south wind. and
precursor of the Foehn, the Sirocco (Sacks. 1970).

Intense analysis of the effects of the Sharav by Sulman and his coligagues
indicates that about 20% of the adult population are sensitive to this phenomenon and
display an increased incidence of clinical ailments prior to and during the Sharav (Suiman,
11971; Sulman, et &/, 1970; Danon, Weller and Sulman, 1969; Danon and Sulman, 1969).
Abcut 43% of the Sharav-sensitive individuals are subject to what Sulman calls the
Serotonin Irritation Synd-cma ..One to two days prior to the onset of the Sharav, ﬂ?gre
are measurable increases in the urinary output of serotonin and its main metabolite,
5-HIAA. Coincident with this is a syndrome characterized by migraine, allergic re:;:tit;ns,
sleeplessness and other symptoms. This malady tends to continue for the duration of the
Sharav, finally diminishing as “normal’ weather begins to prevail. The reason proposed
for causing this Irritation Syndrome is the measurable build-up of the total number of
iohs in the air, as well as an increase in the ratio of positive to neggiivg ions (Robinson
and Dirnfeld, 1963 ‘The biologicafly unfavourable positive ions appear to stimulate the
hyperproduction of serotonin by the hypothalamus. ‘ . -



The Foehn wind has long been associsted with changes in both mental and
physical health. One of the major Asyrﬁptams of the so—calied "Foehwy disease” is migraine,
although there are many others (Erazawsky, 1964, Sulman, 1976, Tromp, 1980). The
mechanisms of Foehn disease are not well understood. however. Although symptoms
tend to start appearing in the pre-Foehn stage, no build’-iép of ions has baen detectad
Furthermore, a wide range of meteorological conditions can accompany the Foehn at
different times of the year, thereby precluding any easy explanations. As mentioned
health. Most authors seem to feel it has an invigorating effect during the otherwise

savare winter, but this has not bean substantiated.

F. Weather phases

" in addition to “correlating migraine with individual meteorological parameters,
saveral studies have analyzed the relationship between migraine and complete synoptic -
westher patterns. This has been accomplished using a system for classifying weather
into different types called westher phases. This scm is dascribad in detail in the
following chapter.

Several studies in Germany have analyzed the nﬁgraipg=waaﬂ1@r phase connection

The weather associated with the passage of a warm front (phase 4) and, to a lesser
extent, cold fronts (phases 5 and 62), has been consistently shown to produce an
ascalation in’ migraine frequency. Brezowsky (1864) found a marked increase in migf,liﬂe
incidence during phase 4 fFigure 4.1). Kugler (1972) detected a similar relationship
between mi;f:ina frequency and phase 4 (Figure 4.2). Kugler and Laub (1978), however,
observed phase 6Z to have the most unfavourable effects, although phases 4 and 5 aiso
appeared to have an adverse impact on migraine (Figure 4.3) Both phases 1 and 2
(anticyclonic waeather) consistently registered favourable effacts. The results of these
studies repeatedly demonstrate the adverse influence on migraine during phases 4, 5 and
6Z, and the largely beneficial influances during phases 1 and 2.
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V. Wasther Phazes 7
— The concept of weather phases merits close attention This classification of -
weather has been used extensively in biometeorological research in Europe with
imgssi\éé rasults. The scﬁema is also used in this study. The results indicate that certain
“phases” have significant effects on migraine. |
Much of the early work in medical biometeorology was devoted to establishing
correlations bgmgenz specific alments and " individual metecrological parameters.
Petersen (1938), for example, showed much interest in the effects of temperature and
pressura ‘t:in health He made axtensive use of g';ipﬁs ilustrating the relstionships
between a patients progress and astmospheric trends. Very often, however,
comparisons of medical data with simple meteorological elements yield no significant
results (Tromp, 1963) This indicates that the association between weather and heaith is
more complex than is h’rﬁédiﬂ:ly apparent The strongest meteorological impact on
health seems to be the result of certain weather conditions acting in concert, rather than
individually. _ 7
~ This likelihood stimulsted interest in devising some sort of technique whereby
ultimately developed in Germany during the 1950's by Drs. Hans Ungeheuer snd Helmuth
E&azawsky They called ther model weather phases. By using specific criteria to define
each phase. based largely on temperature and humidity. a systematic c&assif'icaﬁaﬁ of
weather types was introduced, allowing the examination of physiological and biological
' reactions to.westher as a whole rather than as a set of individual constituents. The
following discussion of their system is based largely on detailed works by Brezowsky
(1960, in German: and 1964). |

A, Rjﬂ?ﬂili behind the scheme

Tiw system of weather phaseé is basically a type of weather élasgiﬁri:i"tiéﬁ that is -
designed to be usgﬁ as a productive biometesorological tool. Unfortunately, weaather is
not something that readily lends ftself to categorization Any attempt to do so
"necessarily leads to a certain amount of simplification, particularly because of the

continuous nature of the atmosphere and the tremendous number of parameters to

46
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consider. Because weather does not exist in discrete parcels. one gncounters great
difficulty in dptermining criteria for classification, where to designste boundaries
between classes and how to deal with the inevitable transitional forms. The task is not an :
enviable one.

The mpm;cﬁ adopted by Efgzgwskf; Ungeheuer and their colleagues was to use
Bjerknes' model of mid-latitude circulation as a conceptual frrﬁaw&kg The Bjerknes
model, waell knav\rﬁ as ﬂn texthook example of mid-latitude atmospheric circulation,
iNncorporates a traveling dspfessian moving in a general easterly direction, steered by the

wesleriies aloft In its simplest form, the depression and its attendant fronts form the

behind a warm front and cooler air pushing a cold front which trails the center of low
pressure. The high pressure systems that surround the depressions constitute the
dif ferent air masses

Starting from this assumption. the model was divided into two major groups. the
anticyclomc igh pressure zone and the traveling deprassion Fuﬁhs- subdivisions could
be made qualitatively, ?rtic:u!:ly sround the depression, based on cold and warm fronts
and the weather associated with each of them Thus, an initial framework was developed.

vaiagsgy. the qualitative criteria alone were insuffiéiant for, sri! adequate
classification, h@stly due to the large degree of sub jaic:tiiiity in separating the classes. A
quantitative measure of some sort was essential in order tc introduce an objective basis |
to the model. Ungeheuer decided to isolate temperature and humidity as two of the most
important factors that distinguish weather conditions within the Bjerknes model. He came
to this conclusion for several reasons. Fi%st both temperature and humidity exert
profound physiological effects, thus making them ideal for use as criteria in defining a
classification scheme designed for biometeorotogy. Second, both are intimately affacted
by changes in atmospheric conditions. Variations in radiation, precipitation, wind speed
and avaporation wi}l all be reflacted in the values of temperature and humidity. Surface
advaction will generally act to c;h;nga all these parameters resuiting in c:h:ﬁgeé in both the
air temperature and the dew point temperature. Thus, advection ‘of diffa;'iﬁt weather
conditions can be determined in a quantitative sense by changes in both the wat and dry

bulb temperatures.
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The end result is an idealistic classification based on the temperature—humidity
milieu of the atmospheres and the continuous zonal progression of low pressure systems
across the mad-—(atitudes. En:h class has its characteristic temperature and humidity
structure resuiting from the advection of air masses across the observing stations (Figure
5.1 and Table 5.1) Although temperatore and humidity are the key criteria, other weather
elements also help distinguish each phase, including sky condition. pressure tendency and

wind diraction

largety from the change of temperature and humidity due to the exchange of air mass
type. particularly during the passage of warm and cold fronts. The magnitude of the
impact on health of these alterations in the temperature—hurmidity environment appears to
be a function of two factors: i) the size of the change, 1e.. an increase in the frequam:ﬁf
biological reactions will exhibit marked associations with particular types of weather or
weather change. _
8. Description of the phases

Atthough the waather phase model was developed in Bavaria for use in
continental Europe, it also serves admirably for use in northeastern North America Each

of the phasas possess similar ehr;x;tgrisﬁss n both ragions. Tha only axception is the

Phase 1. weather characterized by the cool. dry leading edge of an advancing high

pressure system.

Phase 2: the center of this system, where the prasswg is the highest. the sky is claar and
- the air is warm and dry.

Phase 3 the prassura begins to fail; however, the temperature increases and the humidity
remains relstively low.

—
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Both the dry and wet temperatures attain their highest values, resutting in the sultry,
oppressive weaather particularly common in northeastern North America during the

Phase 5 the cold front approaches and thick clouds develop. usuaily resuiting in
precipitation The pressure drops to its lowast level during tha frontal passage.
when the temperature drops sharply and the wind shifts. )

Phiase 62 the cool, humid region which trails the cold front.

Phase 6. clearing skies, falling humidity and relatively low temperatures.

Phase 6 weather generally precedes the onset Qf‘gh:s; 1
atmasphere fails to conform to the model. It 1s not necessary for the phases to always
occur in the prascribed sequence. This system does. however, provide a féirly
comprehensive classification system and it is not very often that weather conditions do
not appear to fit any category.

_ éra;ewsﬁy divided the phases into two groups bassd on their biclogical effects,
or biotropism. Phases 1. 2 and 6, comprising Group |. are considered to be periods of
unperturbed waather and favourable Eialagi;aﬂy: Diwrnal fluctuations of tempearature and

associated with the advection of axternal ar masses, and tha diumnal periodicity of
meatsorological elements breaks down with the passage of fronts. These phases sre
deemed to be biologically unfavourable.
C. Biometesorologicsl rn:;& using westher phases .

Because westher phases provide an excellent framework for categorizing the
Various arrays of synoptic weather conditions, they are an important biometeorological
tool. Brezowsky (1964) performed a comprehensive examination of savér,ii clinicel
ailments and ralationships t6 weather in the Bavarian tawﬁs of Bayreuth and Bad Tolz

The results provided overwhelming evidence that phase 4 had profoundly deleterious

diffsrent ailments, inciuding migraine, during phase 4 weather. Other biometeorological

research has confirmed the adverse biotropy of phase 4. in addition to those listed in
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Figure 5.2. Tromp (1963). Kevan (1980} and Brezowsky have documented increases in
‘the frequency and/or the severity of the following medical disorders during the influence
of ﬁme 4 weather: stroke. thrombosis, thrombophlebitis, gastritis, meningitis, dyspnea
{laboured breathing). bronchitis, disbetes and many more. Furthermore, accidents of all
_sorts tend to increase when phase 4 prevails. It is obvious that the physiological and
pathologicsl effects of phase 4 are powerful indeed Unfortunately, the complexity of
the factors occurring during each weather phase greatly hinders sttempts to determine
why this may be so. .

in addition to the .obvious physiological irritation exerted by phase 4, phases 5 and
6Z have also been found to have sl’igwtly :gg‘ivatihg effects. Conversely. phases 1, 2
and 6 are consistently associsted with favourable quakties and a decreased incidence of
most ailments. Phase 3 is generally accepted as possessing only a moderate degree of
biotropy and essentially marks a transition between phases that are biologically
favourable and those that biologically unfavourable.

D. Weather phases in Toronto, April to December, 1978

Weathe;' phases in Torbnto during the study péfiad weare determined using hourly
~ meteorological data from Toronto International Airport and the Daily Weather Maps
the temperaturé—humidity environment in the Toronto region and the changes thersof,
and made it a matter of comparitive ease to distinguish the various weather phases.

. The reistive frequency of occurrence for each phase from April to December,
1979, is given in Figure 53. The southerly incursions of maritime tropical air
characterizing phase 4 were the most common type. Phase § Qécgrrsd least often, or at
least had the shortest duration, due to the generally rapid movement of cold fronts. The
ratio of Group Il phases to Group |, or unfavourable to favourable, was about 151 In
central Europe, this proportion is about 2:1. and this ratio will change depending on
geographical locstion . .

Each phase has a characteristic temperature—humidity environment I Figure 5.4,
the average temperature and dew point for sach phase during the entire study period is
illustrated. This gives a graphic representation of the quantitiative differences between
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phases Phases 1. 2, 3 and 6 are generally dry and are therefore distinguished by
relatively low dew points and greater dew point depressions. The himid phisas 4.5 and
67) mwaﬂwﬁrg marked by higher dew points. The air temperawre ffxﬂawgn expected
pattern, rising ;gnsi;tmtly from phase 1 to a maximum in phase 4. As the cold front
passes during phase 5, the temperature drops rapidly, as does the dew point. It might be
noted ﬂ’lat these changes in temperature and dew point are similar in amplitude to typical
diwrnal fluctuations. it is not likely that diurnal fluﬁtmfmns are as significant a factor in
haalth, héwgvér, SINCH, thiy‘ta not accompaniad by a change in air Mass.

. Certain seasonal dif ferences between phases are also evident. most notably the
change in mean temperatures. Figures 55 and 56 illustr:té the aversge mateorological
study period, July and December, respectively. Aside from the gross changes in
temperature, note how the typical fcﬂnsxaf certmn waather phasas are altered subtly.
For example. in the summer phase 2 is typically mild and dry. During the winter.
however, it becomes cool-cold and dry due to diminished solar heating, even under the
clear skies at the center of high pressure.

Naturally, a certain amount of variability in both tha tempaerature and the dew point
IS gong to occur within each ph:sa but these variations should remain limited so that
each phase may be justified as a unique entity. Figure 5.7 illustrates the range of valuas
for each phaée that were encountered during the thiree months of high summer (June,
July and August) measured at 1300 EST. The centers of each ellipse mark the mean
temperature and dew point for aach phasa The ellipsés themselves are defined along
the abscissa by one standard devistion of the temperature and along the ordinate by the
smdmﬁafﬁmm fﬁsgivﬂ:nidnafﬁ;ﬁgf
temperatura—humidity zones that each phase encomphsses The only phasas which
overiap to any extent are 1, 2 and 6 and it is in these three that one would expect
av;ﬂq:ti since thmr differences are-largely dependent upon changes in m;phm:
stability after the passage of a cold front and op changes in barometric pressure. In fact,
some authors simply lump phases 1 and 2 together as one (Kugier, 1978, for example).
Phase 3 and 4 exhibit fairly small devistions and both occupy distinct regions on the
chart, being wﬂl distnguished from the other weather types. Phase 5 and 6Z show a
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progressive cooling, although the dew point remains relatively high |f one starts at phase

1 and follows the successive centroids. it is easy to see a circular procession of

increasing temperature ahd humidity, palklng at phase 4 with a subsequent decrease back

to phase 1 again

n Figi:es 5.8a—e. we can observe the actual march of weathg
Toronto region as took place from August 31 to September 4,
change, note the coincident chmgesriﬁ dew point, maximury
brackets), and wind direction Phase 2 weather prevailed on the mor ing of Hugust 31 as
an invading cell of high pressure from the north dofmnated most b—€astern Canada
Meanwhile. a depression w.as intensifying in the lee of the Rockies

On September 1, the depression had tracked eastward, displacing the high
pressure cell and changing the weather to phase 3. The dew point had changed little, but
- the afternoon r’naximurﬁ reached 27°C.

By the morning of September 2, the warm front had moved to a position
extending north-south across central Ontario and the dew point had jumped to 20'C.
The heat, humidity and southerly winds were all characteristic of phase 4.

The coid front passsge on September 3 was ac

' by a drop n
temperature and dew point, although the decrease m temperature was somawhat
delayed, not showing a marked decline until 8 or 9 hours after the front had passed
There was also a significant shift in the wind as it reverted to a northwesterly direction
The following day (September 4) was marked by a return to ;l:»hasa 2 conditions
after a rapid_succession through phases 6Z, 6 and + The dew point had dropped
substantially and the afterncon maximum was several degrees lower than the previous
few days. Notice how another depression is forming to the west, ready to begin the
cycle again. o
¢ Ad!"ﬁi

textbook moddl and most cases are not so weli-defined. However, keeping in mind that

edly, this progression of phases bears a startling resemblance to the

it is the changes in temperature and humidity that are important, dejgrmining the phases

becomes relatively easy, especially ih view of the abundant meteorological data available

in the hourly reports and the daily maps. The graphs in Figures 54, 55, 56 and 5.7 all
indicate that each phase remains quite distinct from the others with the exceptions of 1

-



a: PHASE 2 AUGUST 31, 1979 0700 EST

Fig. 5.80-e: The Progression of weather phases at. Toronto,

August 31 to September 4, 1979. Note the changes in
dew point and daily maximum temperature (in brackets).
Source: NOAA Daily* Weather Maps
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and 2 and possibly 6 who do share some.common characteristics. These phases can be
differentisted, however, by other synoptic features, particularly barometric pressure,
wind direction and sky car@t:an



A. Background

This project was initisted m November, 1978, as a joint effort between the
Migraine Foundation of Toronto and the Canadian Atmospheric Environment Service. A
study was conducted over a nine-month period (Aprii-December, 1979), using a total of
91 volunteers from the Greater Toronto area, 70 of whom resided within the boundarias
of Metropolitan Toronto. Out of the total sample. 74 (81%) were female and 17 (19%)
wers male. Of the several hundred voluntears enlisted by the Foundstion, 135

evidence of rnv&:ﬂ (common, classic or Vi‘li‘hﬁﬂs thereof) and residence more than 35
. km from the Toronto International Zorpgrt where the weather observations were made.

A breakdown of the sample by sex, age and occupation is given in Table 6. 1.
B. Dsta collection .

subject filled out a qulstnmm detailing personal statistics (age. occupation, etc.). plus a
brief history of their ailment These questions requested nformation about migraine
problems that they may have encountered in various pafts of the world and any-
relationship that they may have noted between their migraine and flight This last question
was insert;d.ta obtain svidence on the migraine—falling pressure hypothesis.

A detailed record of migraine attacks was kept by each subject on monthly
headache logs. listing for aach attack the start and finish times, attack characteristics, any
additional remarks and the attack severity, based on the relatively objective scale used,by
Gomersall and Stuart (1973). In this system, severity is divided nto 3 categories and
each is defined as follows: i) mild, no disroption of daily routine; il moderate, some
reduction of working efficiency; and i severe, total disruption of daily routine. The
cmfmwrs tect for anatysis st the end of esch month

The migraine data were then comy

ared with 11 different weather parameters:

atmospheric pressure, fhe rate of change of prassure, temperature, the rate of change
of temperature, wind speed, wind direction, iﬁl’lﬁiﬁi’tjﬁﬁﬂg thunderstorms, air peﬂhtvon

67
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Table 6.1: Demographic breskdown of sample.
Female (%) Male (%) Total (%)
4
Total 7481 17 (19) 91 (100)
95 5 2 78
21-30 18 3 21 (23)
31-20 18 3 21 (23)
41-50 15 4 19 (20)
51-60 14 3 17 (19)
>60 4 2 6 (6)
5 -

Occupation: i )
Housawife 33 0 33 (38)
indoor: Sedentary 31 13 44 (47)
indoor: Manual ) 1 ! 1(1)
Housewife and job 7 0 7(8)
Retired or Unemployed 2 2 4(4)
Student 1 1 21(2)

humidex and Brezowsky's weather phases. In addition, the relationship between day of

“the week and \graine attacks was also gx:fniﬁad

All westher observations were taken at the Toronto International Airport, with the

exception of tha air poliution index which was recorded in downtown Toronto. The

. =
humidex values were computed from mid-afternoon readings of temperature and

humidity using the table caiculated by Masterton and Richardson (1979). .Precipitation

events were taken as the occurrence of any rain, snow or hsil, etc. Temperstre change

was taken as the difference in mean temperature on successive days.



C. Data snalysis ' .

The resuits for each parameter have been graphed on the basis of a percentage
deviation from the expected frequency. The expected frequency is determined by the
relative frequency of occurrence of each class within a given parameter. Eor B!ﬁ'ﬁa. if
wasther phase 1 occurred 15% of the time during the study period, then close to 15% of
the migrane attacks would be expected to occur during phase 1, if the outcome were
solely the result of chance and no externsl influences were affecting the results.
Therefore. a positive devistion indicates tRER there occurred a higher frequency g;f
migraine attacks than were expected. signifyng » possible aggravating effect Negative
deviations dhean that fewer attacks occurred than were expected and thereby indicate
possible favourable offocts 3

Tests of statistical significance were applied to the results to help assess whether
or not the deviations observed were significantly diffcfa'ﬁt from what should be
expected by chance The test chosen was the narq;rtname Kolmogorov- Smrﬁ:v
one—sample test The K-S test was preferred over the more familiar chi- scin-- tast
‘bocwuitpomsmtwoimpormuv-mﬂﬁii:ﬁ@fiﬁh:ﬁgnanhﬂz;af
the sample; and ii) the K-S test is generally more powerful then the chi-square MNorcliffe,
1877). Hand in hand with these advantages, however. are several constraints that must
be met before the K-S test can be used Observations must be independent svents and
measured at the ordinal scale or grester (nominal scale is accéptable fofﬁu:ha squ:&)
and the population fromwhtchﬂ\osurplom&:wnmtbicm .

‘ The tochmqm of statistical analysis was a relatively simple matter of determining
if the observed 'fremy of migraine sttacks differed significantly from the sxpected
frequency. In some cases, the chi-square was used as an additional check on the resuits
of the K-S test In order to determine the :i?ifmg of particular devistions within one
given weather paraii;etor (og. the simifict!é of the positive devistion exhibited during
phage 4 weather), the standardized normal z-test statistic was occasionally used.

it should be noted at the outset thst studies of this nature often present the
researcher with miny difficuities. One problem intrinsic in most biometsorological
resesrch is the use of both a physical (weather statistics) and a non-physical (subjective
health complaints) deta base. Attempts to associste purely objective and numerical
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of migraine sufferers result in an
ore, the fact that migraine has

weaather data with the subjective com

unfortunate, but unBvoidable, disruptive factor
been inked to many other potential triggers in addition to weasther, such as food, strass,
contraceptives and low blood !ugi‘ is another factor that must be considered

somawhat Although tests of statistical significance are used in this study. it should be
necessarily realistic, s'mza the subjectivity and noise factors are not accounted for.
Although the statistics provide valusble guidelines for analysis, a certain amount of

common sense must dictate how interpretations of the data sre made. Simply stated,

of weather on migraine, although 1 were not aware of what aspects of weather were

being examined Therefore, the

weather or certain weather conditions a§ a factor in migrane This, howaver, doas not
appear to be the case. as reflected in the resuits in Chapter 7. Although falling
atmospheric pressure was :mly citad as a migrane precipitant, the results did not
show any noteworthy increase in migraine incidence during such times. Furthermore,

weather phases, which dgmgﬂsﬁ‘.?tad the strongest association with migraine, would not

be familiar to the subjects, therefore lsaving no preconceptions about the impacts of the

various phases to affect the results.

+

The second possible source of bias was that the sample was not random. This

was largely dus ta the fﬂ that randomizing the sample would have resuited in a much

the sample size thit was used <91 subjects) was near the required for

&
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VIl. Results

A. Waeasther phases:

A marked increase in migraine frequency was associsted with weather phase 4
(Figure 7.1) as the observed frequency was 3.4% graater than expected Conversely,
phases 1. 2 and 6 yielded migraine frequencies lower than expected Phases 3. 5 and 62
sppesred virtually neutrasl This distribution was found to differ significantly from the
expected at 0L=0.05, indicating that the results were not solely due to chance and that
wasther phases sppawr ta affect thg frequency of migraine attacks. The frequency of
attacks during phase 4 was scmfu:.:nﬂy greater than expected at &=0.05. It is
mnteresting to note the readily identifiable cyclic pattern of migraine incidence which

Vrmrms-m attack severity also occurred wittr changes in waather phass (Figure
7.2). Mild attacks were far more frequent during phases 1 and 2 than either moderate or
savere sttacks. Furthermore, severe ittlc:ks demonstrated a distinctly higher frequency
during phase 4 and a lower frequency during phase 2. el

B. Wind direction: ,

The largest positive dcviatil'l was exhibited by winds from the smét:

astgﬂlas and southerlies had somewhat smaller positive . deviations (Figure 73!
Wgsterhes vieldad the lowest incidence af attacks, but 5c:uﬂ1wast and northwest winds
alse registered noticeable low values.. Northerlies and ngrfheastar‘hes wara only ﬁ' lightly
ﬁagitwg This distribution differed sugmflcmﬂy from the expected at X=0.05.

The ralationship bgtwgen .wind direction and migraine sevsflty Figuwre 7.4)
illustrated that severe a@ks wgfglméra %m during periods of wind from the
southeast than either mild or moderate attacks. Severe sttacks aiso had a lower
frequency during prevailing westerlies than either mild or moderate.
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Fig. 7.1: The effect of weather phases on migraine frequency
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Fig. 7.3. The effect of wind direction on migraine fﬁ:;uincy
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C. Wind speed: ’

The frequency of attacks versus wind speed exhibited only a very small deviation
from the expected (Figuwre 7.5 The‘lowest frequency of attacks occurred when the
wind was light. the highest was during winds of 21-30 km h'. Migraine frequency
during”periods of higher wind speeds showed no marked deviations. This relationship
was not statistically significant

D. Atmospheric pressure:

Two aspects of atmospheric pressure weare considered ds.sc»luta prassure and
the rate of change of pressure.

The absolute pressure trend showed few marked devistions except for s large
positive deviation in the range from 101.00 to 101.49 kPa (MSL pressure), nﬁdn:atmg an
aggravating effect (Figure 7.6). The greatest negétive deviation occurred between
102.00 and 10249 kPa All other pressures demonstrated only very small deviations,
both positive and negative. There was no sign of any noteworthy difference between
high and low pressures.

When the rata of pressure change wés examined, a very distinct rise in migraine
frequency was found to occur during periods of steady pressure (Figure 7.7). that is,
those times when the pressure was neither falling nor rising appreciably. All intervals of
falling or rising pressure were accompanied by migraine frequencies well below
axpected.

Figure 7.8 illustrates the relationship between the ratecof pressure change and

‘
those in Figure 7.7, severe attacks show a distinct difference. Periods of gradually
falling pressure were associated with the greatast frequeﬁey of sevar;lttacks. There
was virtually no deviation during periods of both rapidly faling and rapidly rising

pressure, as opposed to the large negative daviations that occurred for both mild and
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E. Temperaturs:

Again, two aspeCts of temperature were analyzed ambient air temperature and its
rate of change.

The temperature values revealed a general pattern of increasing migraine
frequency with increasing 'tgﬁperst&a (Figure 7.9). The mmimum occurred in the range
from 0.1 to 5.0°C. Between 10.1 and 30.0°C, frequencies were higher than expected.
with a maximum gxhib}tgﬁ for temperatures from 201 to 250°C For temperatures
above 30.0°C. the deviation was zero.

A readily apparent relationship was found for the rate of temperature change
(Figure 7.10). The lowest migraine frequencies occurred during cooling trends, especially
when the cooling was large The aﬁp@sﬁe was true for warming trends. rapid warrmng

was associated with the highest attack frequency

F. Humidex:
‘ A distinct rise in migraine frequency accompanied rising humidex values, with a
very sharp increase occurring as the humidex rose above 35°C (Figure 7.11). The
difference in migf;ina frequency on days when the humidex was 20°C and on days when

it was 30°C was significant at ®=0.05. No humidex readings over 40°C were recorded.

G. Precipitation:
During precipitation events, migraine frequency showed virtusily no daviation
(Figure 7.12).
H. Thunderstorms: ‘
There was very little deviation from expected, although the periods before,
during and immediately after a thunderstorm all exhibited slightly higher than expected
migraine frequencies, while the migraine frequency decreased when no storms were in

the area (Figure 7.13).
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I. Air poliution:
‘Deviations from the expected were very small, m the frequency of attacks
rose as the pollution index rose (Figure 7.14). The maximum AP! value observed was 35,

which is not axtrema.

J. Day of the week:

The incidence of migraines was mei lowest on Tuesday and highest.on Thursday
Figure 7.15). Sunday through Wadﬁgsd:y; exhibited negative deviations, while ﬁcsitiva
deviations were observed on Thursday through Saturday. '



VHL. The Impact of Weather on Migraine

A. The effects of westher phases

At this point, several factors can be isolsted as possessing some control over the
frequency and severity of migraine attacks. The Amost promising of these is weather
phases. The results show clearly that specific synoptic weather patterns, as defined by
the systerﬁ of weather phases, exert a stronger physiological effect than most weather
parameters taken mndividually. Significantly, the wuther phase-migraine relationship
determmed here is in general accordance with the findings of Brezowsky (1964), Kugler
(1972) and 0§uglqr and Laub (1978). Even more onéowagung 1s that this result 1s decidedly
consistent with most research into the relationship between weather phases and all
aspects of human health As was mentioned in Chapter 5, repeated observations have
shown phase 4 to possess » markedly aggravating effect on many clinical siiments, while
phases 1, 6 and especially 2 dispiay an ameliorating effect

There is. however, ohe important qualification that should be noted the thres
migraine  studies rnontio@ previously- snd, in fact, virtusity ali weather phase research,
have been performed in Europe. Therefore. slight synoptic variations may cause
European we.ather phases to differ somewhat from their North American counterparts. It
is evident, though, that the results of this study are very similar to those in Europe,
indicating that any differences are likely negligible. o

Explanations for this weather phase—migru‘ne‘ relationship are not - easily
formulated Kugler and Laub (1978) sttribute changes in weli-being to disturbances in
mans daily internal rhythms caused by weather phases which do not exhibit a similar daily
rhythm. They state, "weather phases appear to be examples of powerful synchronizers
(for biorhythms). As long as the basic circadian rhythm is undisturbed. man's endogenous
biorhythms can adapt themselves readily to such weather phases. However, where there
are marked varistions in the daily periodicity of weather phases, marked interferance
with endogenous biorhythms' may occur As a consequence, subjective cén'plaints may
develop or symptoms of disease may be triggered” (p 119) Thus, they attribute the
adverse effects of phases 4. 5 and 6Z to their instability, both temporally and spatisily,

Thnb?p'haus are characterized by rapid chenges in pressure. temperature. precipitation.

82
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generally stable. both temporally and metsorologically. It may be that rapidly changing. or _
unstable, weather conditions are responsible for soma of the adverse hufth affects
associated with phases 3 through 6Z, but much more work is nesded to assess whether
or not a lack of daly periodicity is sufficient to exert such a powerful physiological
impact Furthermore, why does phase 4 stand out as the most aggravating?

The most *::ﬁrrstr: festure of phase 4 weather is a rapid rise in both
temperature and absolite humudity. Raskin and Appenzelier (1980) suggest that the
effects that changes in ar temperature have on bran serotonin levels may have some
connection with westher-related migraine. They cite gyork by Myers and Waller (15?:8)
which indicates that brain serotonin leveis are elevated during cold stress and that brain
serotonin is highly significant in thermoreguistion Thws certainly provides a tantalizing
basis for hypothesizing about migraine and changes in ar temperatie, aithough it must
‘be remembered that it is the serotonin in the blood, not in the brain, thst has been
implicated in mgrame. It is beyond the scope of this study tah-gn suggesting possible
serotonergic pathways finking thisrmoregulation and migraine. but the prospect seems to
marit investigation, particularly in view of the the studies done by Tromp and others that !
reveal poor thermoreguiation 1s widespread in asthmatics and :rﬂtiticg (se@ Tromp,
1980). - -

Work by Brezowsky and Hansen, mentioned in Tromp (1963). clearly
demonstrated that bicod sugasr lsveis dropped markedly in unfed rm during incursions
of phasé 4 weather. Low blood sugar, particularly when it is brought on by fasting, is 8
very commonly quoted migraine trigger. Again, it is a long way to extrapolate fk:-am
rabbits to humians, but the possibility exists that this may also occur in man

The psychological effects that these weasther phases exert on the general
population may also be a saurce of at least & portion of m bmrapw*iip.cﬂy !_ﬂ:i
" migraine has been shown to be llrg-ry dependent on one's emotional state.  After s,
stress and anxiety are the MOSt COMMON Migraine riggers: R 48 ewdpnt from these
results and the results of others that westher that is considered u jtj?:h*tﬁ

*
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géneral improvement in physical health

Obviously, the factors that cause pha;e 4 to exert such a profound influence on
health are complex and, aside from the tenuous hypéthasas mentioned above. there are
no explanations. The main difFiculty; lies in determining exactly what synoptic
' components of phase 4 ara crm affecting health. Although heat stress ahd physical
discomfort are usually greatest dunng phase 4, they ﬁmly occur during the summer
months and fa:l to account for the “rritation caused by phase 4 year-round It seems
likely that the ansxh‘r lies in one or more factors not largely dependent on season

ln addition to ﬁe ralatnansﬁp: batween migraine frequency and weather phase,
“there also appears to be T\ gsm:ratnan batween weather phase and the severity of
attack. The most notable feature gf- this association is the aggravating effect of phase 4,

of severe hesdsches was greater thanﬁv mild or moderate ones, thus indicating that
phase 4 may tend to irritate and intensify *tacks already in pr’agress Furthermore: the

mild headaches increased in frequency. Gcmersall and S’tua:‘i‘ (1973) noted that many of

-

therr subjects felt weather tended to aggravate their attacks rather than trigger them. -

These results indicate that weafhaf phases act to affect bat’h the frequency and s’éverity

-

Y

B. The effects of wind direction

¥

The promising relationship exhibited between wind direction and ﬁ'\igﬁiﬁa attacks

has several implications. Connections between health and the direction éf' prevailing

winds have been observed as far back as the time of Hippocrates. who noted and

catalogued the various ailments that one could expect to gﬁcéuntérg while under “the
influgnce of any paftit:t.i?i wind, The:metearalagizal properties assacliated with a given
wind direction are fairly consistent and are also closely linked to weather phases. Thus, a
result relating migraine frequency to wind direction would likely have more meaning to
the non—climaiologist than onerelating it with the rather esoteric weather phases

The southeasterlies and southeriies that generally accompany phase 4 intrusions

of hot, muggy. maritime tropical arr into southwestern Ontario are associated with the

s
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highest migraine frequency Conversely. westerlies and northWesteths a‘:mg phasgs 1
‘and 2 bring warm, dry. continental air and a resultant decrease in migraine mcnﬂen«:a This
relationship between wind direction, weather phase and migraine is important in clarifying
the charactgristics of the various phases and provides 5 simplé and relatively accurate
way to determine which weather ph;ise is prevailing. provided one is aware foﬁie‘,

tempe?ature and humidity.

é. The relationship between humidex and migraine

Since the humidex is a measure Aofphysical discomfort, iti:outd be expected to
bear some relationship to physical health. especially in the Tor::mtor region where periods
of both h}gh temper;turé and high humidity are common during the summer. The hurmdrty
index, or humidex as it is rf‘\‘o're commonly called, is simply a method for quantifying the A
discorhfor{ that orie feeg during periods of both high tempera.mres and high hurmdity. It
combines the two values to give the temperature equivaient if the air w;re dr'y.r It_ié ver'yr
simiar to the wind chill index, except that the>wind chill accounts for the cooling effaect
o'f't,he-wind and the humidex accounts for the heating effect (or more properly, the
reduction in cooling) of humidity. Acéording to Masterton and Richardson (1973, the
majority of deaths in Canada related to heat stress occur in southern Dﬂtif;tj wﬁér'g
humidex val are typvcally the hlghest in the country. Thus, the fact that rﬁugraune
incidence incréased as the hurmdex increased is not surprising. '

. During the summer, phase 4 weather is typified by excessive heat and humidity,
which reduce both radistive and convective' cooling of the body and greatly dmnlsh X
cooling due to the evaporation of perspiration. 'Thus, a great physiological stress is
placed on the thomiomgu!atory system_as it asttempts to maintain ctonstant body
temperaturé. It is likely that this stress is at isast pa.rtially rosponsible"fgr the increased
frequency of migraine and may be significant in accounting for the debiliéting gffe;’t—.f; of
phase 4. Sacks | 1970) also suggests that extreme heat and humidity tend t6 bring ib:&ut
listiessness and p'fostr,afion, con&itions which can often Ieid to an attack. Obviously,
however, humidex is eliminated as a factor during the winter rﬁonths (October to April)
and therefore fails to explain why phase 4 conﬁnues to aggravate heatthg_ regardiess of

ie

season.
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D. The -ffi('vis of stmaip'h:rie pressure

The one weather feature most commonly quoted as a trigger by the. migraine
sufferers in this study 1s falling atfﬁcspheric pressure. Many of the participsnts cited
tf'res;v:nd pressure levels, below which migraines often ensued Seversl authors have

noted a possible pressure—sansitivity in migraine sufferers Brainard (1979) mentions

“altitude sickness” as a trigger of migraine, Lance (1975) also refars to the effdcts of -

altitude and to migraine ‘episodes that have been induced during decompression in a high

pressure chamber

r

Consequently, the results of this analysis were eagerly anticipated. However, as

ilustrated by Figures 7. 7 8 ar;d 79 the resuité v\?er‘e largely inconclusive and somewhat
paradaxical The fj that most attacks occurred when the pressure was bdtween
10100 and 10150 kPa (MSL) does not likely indicate any significant oy essure
relationship, since this is in the range of standard atmospheric pressure, The ;xtremes
of pressure, both high and low, yielded lower than expected migraine fféqgféﬁc’iei in
light éf the information supplied by migraineurs claiming pressure-sensitivity, the

expected resiit would have exhibited the hi&hest frequencies during extremely low

pressure and the !%waét during high pressure. »
Similar results occurred in the analysis of changing pressure. T?:xe association
between high migraine frequency and periods of falling pressure failed to materialize
instead, the highest frequency occurred when the pressure was st._able;, Quite the
opposite of gﬁything that.has been suggested by migraine sufferers. Again, the abg:énc;:a
of adverse effects from either extreme of pressure change is paradoxical. Both falling

and rising pressure E&rra’spéﬁd to fewer attacks than expected

* » = -
Why such a persistent complaint should register such inconclusive results is’

difficult to say. No investigation into the migraine—pressure relationship has been sble to

correlate the' twq satisfactorily, with the exception of Gomersall and Stuart (1973)°

whose findings were opposite to génerally held beliefs. Lance (1975) proposed that
pressure—aggravated migraine may be the result of hypersensitivity by migraineurs to the

pressure g? oxygen in the blood. This, however, is unsubstantiated The relationship

3



E. The effects of temperature )
Temperature effects were largely ‘inconclusive, due in pat{t, perhaps, to the
absence of any extremes of hot or cold Interestingly. the highest attack frequency

correspbnqed to the range around room temperature, bsually'considered to be the most -

corrt_fortable tempera’mre for human activity. The lowest attack frequency occurred
during lower temperstures. contradictory ‘to many comments from magrame sufferers
who feit that chulhng of the body often led to an attack. Perhaps extremely low
~temperatures would have proved unfavorabté However, it must al€o bé remembered

Mthoiffoctsofoutsadearmwm.tousﬁydmodbygomgmdoors
r

Temperature change demonstrated a trend worth noting Rapid rises in

temperature. which are aSsociated with passing warm fronts and therefore the, onset of
phase 4, recorded the most unfavorable mfluenceu:m attack frequency. It is difficult to
tell whether it was the temperature changs iteeif that was nffectmg the migrame
incidence or whether the connection with warmmg trends was ;ust‘a reflection of the
effects of phase 4 as a whole s - P
r R : .

F. Other metcorolosic‘al parameters

Thunderstorms are a commonly -cited migraine precspitam. Most often attacks
are reported to be most severe just prior to the onset of an" electrical storm; with its

arrival, the symptoms appear to be alleviated somewhat One hypothesis that comes to

mind supporting this relationship, although there seems to be no direct evidence to

- . . .
confirm it, is the effect that thunderstorms have on the electrical charge distribution in -

‘the atmosphere. Studies of the charde distribution within electrical storms indicate that

the subcidud air becomes mdre poséti'vely ionized at the edges of the thundercioud, while

the actual storm rainfall creates an area 'of increased negative ionization (Moore and

Vonnegut, 1977). If one considers thaf incresses in positive ionization tend to be

bioiégicafly -aggravating, while negative ions appear to possess beneficial effects
(Krueger, 1972, Sulman '1976),‘ it is possible that changes in atmospheric ionization
brought on by derstorms may influence heaith . .

The thunderstorm-migraine” correlation achieved here is tenuous st best It

demonstrated little deviation from expected However, attacks did increase in frequency

L 4
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during thunderstorms and d!crsased-v\{ﬁen no storms were present, thus lending some

support to a possible link between the two p

The slightly greater number of migraines g@éﬁveﬁ than expected during
preciﬁitaﬁgﬁ events dﬁ:;as not indicate a very striking relationship 'Hé;;vevgr. ona could
expect 4 strong psychélag&?:gl effect al? rany days as people are often forced fi; stay
indoors, change plans aﬁd’ger\e%auy limit their ‘activitnss.‘ It is pgrfecﬂi conceivable ‘that
the psychological letdown on these days rnay stimuiate a slight upswing in migraine
fraque# . ‘ .

‘ The fact that wind speed yielded virtuslly no trend whatsosver. is not really
surprising Even though chill Qunds blowing on the face are often quoted as a migraine

trigger. it should be remembered that wind speed-ig_highly localized at the ground and is

aasny escaped Thus, any biotropic effect.it may possess\s readlly obscured ,(

]

G. Dmly and ﬂtnnnl :anti
' F‘rewcus research has indicated that weekervéa and partncularly Saturday are
| |
associated with increased migraine frequency (Gomersall and Stuart: 1973; Lance, 1978).

There are two possible mechanisms to aécount for this Rgla.xatiaﬁ on the weekend after

susceptibility to an attack” Alsa extended hours of sleep on Saturday and Sunday
mornings causes a build-up e‘ carban dioxide in the blood, possibly stimulating the onset
of mugr;lne since carbon dioxide IS 3. potent vasodilator. :

The results c:f this studly shc:wgd a slightly higher than expected frequency on

Saturdays, but ‘Iawer than expe;ted on Sundays. Furthermore. the maximum was on )

Thursday. There appears to be no good reason

spring maximum and a doubhe-rhinimum, in August and November. The monthly decrease
in rﬁigr:ing frequency from April to August is remarkably consistent, although why it
tends to vary so markedly after August is hard to say. The most significant point. may be

the relationship between the April maximum and the period of extremaly uﬁstabli



% DEVIATION
o
b

. Fig.8.1: Monthly voriotidns inm
. to Deceinber, 1979)

5L oAre mav sun u avG see ot Nov DEC

igraine kequency (period April



atmospheric condtions that oceurred during that month, when the unusually rapid passage
- of four major depressions within ten days: accompanied by very stormy weather, was
associated with a substantial increase in migraine incidence.



N .
Ix A Brief Invnﬂgatmn into the Effects of Atmospheric Pressure Under
S-mi Controlled Conditions. _ '

Ityshouid be emphasized that the results ab;iirvéc:! du{;hgh:he n::;eémnﬁ-u
waaﬂ%éf——mng;aiﬁe study ‘were observed u'ridere ﬁarmé»”iuviﬁg conditions for the
pxtn;o!:ants Many of them were on prophylactic or Syﬁ;zétamahé medication and
: natura‘i!y took precautions against any factors that they rat:agﬁlzed as hawng arole in
the-r migraine at’tacts Although waather is ganerany an all-pervasive enwranmeﬁtgl
factc::r and difficult to avoid, selreral _p‘jscautngns against some of its effects can be
takgn such as dark glasseg to shield from glare and using air- candltucmlng on hot days.
Thus. the results of this study give an indication of the extent ta which waeather figurgs
as a rmgraine trigger 10 a person's. normal environment s

More exacting analyses of étmasph;f:c effects, and the effacts of any other

can “be carrred  out  under "laboratory conditions. The use of

chimatic —controlied chambers aflows each climatic variable to be precisely governed
and many noise factors to be eliminated*-Exposure of migrainous subjects W any given
weather parameter under controlied conditions is the ultimate method for observing and
exploring the connaction between weather and migra’iﬁe The uﬁﬁrtunata fact remains,
however, that the facilities required for this tyég of expénmemanaﬁ are not
commonplace.

In an attempt to further clarify the elusive pressure—migraine raiationship,

volunteers in this study were asked to describe any gxpgriéﬁeas that they rmight have had
during flight, since the cabin of a rﬁeder’n ‘airliner provides an excellent example of a
decompression chamber. The pressure el;mggs that an aircraft undergoes during ascent’
and descent, even ‘when pressurized. are far greater than anything experienced under
ﬁatursl atmospheric conditions at the surface. Therafare any pressura sensitivities
sholld be affecﬂvely exposed. -

The average rate of climb of a modern jet aircraft is- 1000~ 1300 m per minute.
As the aircraft climbs, its cabin pressure decreases, although at a much slower rate. The
rate of decompression is generally around 1.0 :k;F‘_a per minute and lasts about 10- 15
miﬁutas until tﬁe ﬂes:réd cabin prgss.ufe is reached, usually about 85 kPa Thus a

pressure drop of approximately 15 kPa in 15 minutes occurs during ascent, a rate_ far

(Ve ]
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greater than any atmospheric conditions at the surface could gvg;*' produce Whife this
rate of change i1s gstfeﬂ’g‘. it provides no more disc’:amf@qif' to the average EEF\SG"I»ﬂ'\E\
the famibar "QS!‘PQppiFQ‘; The rate i1s smilar during desceént although the predsure is
A increasing rather than decreasing ' l \ N .

Five of the 91 participants in this study haé never, flown. For the ramalndaf 13
repa;:ad chronic migraine attacks during flight, 14 had irregular episodes. 42 ;@\ad never ,'
experienced an attack gnd 17 were uncertain (Table 9 1) . L

The most sngnufn::nt requit is that 48% of the respandents had never expgnancad
an aﬁack during flight, while iny 16% complained caf a recurrent problem. lﬁtéfestmgly
all but one h the Iatter group were female. Also, a dlsr;!r@péftzangsly Iai"ge nurﬁber of
the males reported n;: mugraiﬁEthghi connection i ; -

Of those who répcrte,d a persistent migraine problem wﬁnleg flying, mast
rnenﬁt:mé;i takeoff and,landing as the critical periods [ten thqse attacks lingered for
days, pﬁs a function of jet lag One of the most sgvgre‘ﬂ‘tacks reported occurred
on an unéressurnzed DC-3, where the effects of gecra;saé pressure with altitude b{ﬂ
be maximized. c _

There are many ath&? factors, however, *that could logically precipitate migraine

attacks dunng flight Stress: ana anmety afé after\ prevaleas duriﬁilang trips.  Jet Elag

certainly weakens the bodys defences agamst an jttack Therefore, several noise*

factars must stilt be taken into account

The results af this h'tﬂe srdahght to the study. and’ ad‘hmedly the rasults nrg highfy
subjective, appeéar to indicate that a large prepartncn of ths migrainous ﬁarnmumty have
no mtncuﬁla pressure—-sensitivity. chevgr srnaﬂ yet srm:fu::nt proportion, Iarqg!y

‘farmnale, are apparently suscgptnbla to pressufe changes. At what r:ta this pressure i

pressure changes at the surfm:a naad m:;t cmn rhost migraine suffaﬂsrs except

perhaps to indicate approaching adverse wéather eaﬁdctsans -such as phase 4.
>
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Total

" Recurrent F‘%b!ﬂfﬁ

Never ‘
oy
lFFg’iula’r 4 ;

Uncertain A

12
31

1.
16

Total (%)

13(18) -

42 (48)
14 (16)
17.420)




X. Conclusions
A. Summary of the resujts !
Migraine is a hyperreaction to internal and external stimuli (Dalessio, 1980). The
assartad 5ymptams associgted with migraine, jnost notably headache, are a consequence
s
- of this hyperraactlglty. The results of this stua( show that certain weather conditions

provide a stimulus of sufficient magnitude to provoke the onset of migraine attacks. The

most significant findings of this investigation iMo the Nelationship betwesn weather and

migraine in southwestern Ontario are: B

1), In general. c‘Lam synoptic welther patterns as dei‘red bngaheuer ﬂ'td
Brezowsky's scheme of weather phases exerted the most physiological Gan)al ot all the
- wasther festures exarpined The most aggravating westher type was the passage of a
warm front and the warm troplcal arr that foliowed behind the frc:nt {weather phase 4)
Vamahgratmg effects on rmgramne. The reasons for phase is adverse impact are dif ficut

to dg;rn-n’ne. It is likely the result of two or more factors acting tc:;ge'ﬂ‘tér .

|
2) The results of the waather phase analysis were in agree?pt with previously.

published findings. not only on weather and migraine, but on westher and healh in

general. The passage of fronts, both warm and cold. consistently tend to aggravate many

clinical symptoms. This s prc:sbably a function of the sudden change in at‘i‘hasg-hgne

- conditions that usually occurs during the transition from one air mass to another.

/

3) During the summer months, the humigex discomfort index correlated very well -

with' migraine frequency. As tlfe humidex wvalue and its gccordant physiological heat
- stréss rose, so did the incidence of migraine. N | 7

4) Wind diré;ﬁ@n:correlated well with both weather phases and migraine
frmnéy,"ﬂms pr@vidng a relatively simple ﬁaans for identifying weather phases and
~ their associated physiological effects. Southerly windé are generally an omen of

bi@légica!lyiadverse weather.

5) . Atmospheric preseure did not appesr to exert a profound  influence on:

. migraine, although a small number of sufferers did exhibit pressure—sensitivity under

_ L 5
extrame rates of pressure change.: .

<
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6) Gomersall and: Stuart (1973) mentioned that some migraine sufferers believed
weather tended not so much to .trigger aftacks. but rather increased the’severity of
attacks in progress. The results of this study show that there was a miark,e’d ncrease in
sév;re attacks during miav:u‘abli weather conditions, .vsdm’éeas’hﬁild attacks were not
nearly as frsquent‘ This seems to support the prospect that weather may aggravate
attacks in some people rather than trigger them | ' _

7) Synoptic wesﬂ‘@‘ patterns appear - 1o have n;’w.@re rgamml over physical
well—being than rnduv:dml wedther alemants, suc;h ag tsmperatwe and pressure. Why this
:s SO is ﬁf.'!t evidant at presgnt but effgz:ts on health H%ve been consistently correlated
with weaﬂ‘ber phases. while correlations with single weather parameters are often not

&
successful

8 The etiglogy of ngra:r;e is not well understood and this greatly complicates -

explanations as to why weather influences migraine attacks. One consistent feature of

the results presented here is the increased frequency of migraine during weather periods

that are Sgaﬂeﬁaily considered unpleasant Since migraine often results from emotional

stress or anxiety, it may be possible that mild psychological letdowns associated wiﬁ; .

disagreeable weather are sufficient to trigger the patho—physiological changes necessar:

L

to stimulate a mild attack.

B. imr:li;:itians for further resesrch

1) Because the exact cause a‘f migraine is ﬁat completely understood, applied
migraine research is greatly complicated Recent s'tudi;s have come relatively close to
fgrmitinﬁ a genersal theory for the migraine mechanism, ie. the "cergEfaI vas:;st:asm"
rasulting from a hypersensitivity to various stimuli (Lance, 1978; Dalessuc 1980, Raskin
and gppsuallar 19801 The major problems that remain to be resolved. however, are
the roles that serotonin, prostaglandins and the various other hormonal agents play in
migraine. Serotonin is of particular impc:sri:ﬁce. not just bacéusa of its central role in
; migraine, but also because of its tremendous significance in such a wide variety of
physiological -mechanisms, including thermoregulation. It is.likely that the pathways
involved in weather's impact on migraine are connacted with at least one of these agents

(probably serotonin), but this remains purely speculative

¥

-
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2) The advefsg effects on heah:h of weather phase 4 is a pgrplexmg r.)reblam
The :t:msustenﬂy aggravating effects of this Weather phase mdu:ata a stfang biological
ekfect However, the complex variety of atmaspheric conditions that occur during this
phase precludes 3y easy. explanations The fact that phase 5 is also unfavourable leads
one to believe that the exchange of air mass is sigﬁ;ﬁ::.mt ’ o ; ;
, 3y Res%sré:h has been performed all over U'\e world on the paﬂﬂa—phys;alcgicﬂ '
effects of local winds. especially the Sharav and the Foehn There is, however, virtually
'no literature on the eff'e\;ts of the }:ansdiaﬁ Ch’iﬁé@k, This'wjﬁd is widely believed to have
effects on both physical and mentel health Sc\me balie\?e the Chinook h:s favourable
effects; éﬂiers feel it is irritating. Unfortunately, no scientifically. GQ_I”!;TC:"Ed observations
+have been made. Studies are presently underway at the Qﬁlversvty of Lethbridge into the
behavioral impacts of the Chinook. but much more research ifito its biological pr@pértiaé 1
is merited :
4) The difvfjc:uify of performing biametgaralagic:al .research camnot be
overestimated. The formuiation ‘of relationships between weather and hesith is -?gﬁﬂy
complicated by the use of generally subjective complaints and by the tremendous
physiological variability exhibited by humans. However, thers can be. no doubt that certain
yveaﬂir—heifmﬁ cmneet»c:ns do exist and they \Hfffﬁ extensive resaarch. Under standing
the interactions betweédn the atmosphere and man's ﬁhysi@iﬂgi@l.‘ paﬁ'nak;giéal and

biological activities will enhance the well-being of both mind and body.



=

REFERENCES

Alabaster, VA, and YS Bakhle, 1970 The release of biologically active substances
from isolated lungs by 5— hyﬁlrmytryptarnme and tryptaminae, Br. J. Pharmacol
40 582-83.

Alvarez. W.C, 1959 Sma characteristics® of the ﬁ‘ugraméus woman, N.Y. State J.
Med., 59 2176-84

Anderson, BR., 1975 Weather in the West, American West Publishing, Palo Alto,
Caiforma

Anderson B. Jr. A Heyman RE' Whalen and HA Saltzman, 1965 Migraine-like
phenomena after decompression from hyperbaric environment. Neuro/ogy, 18
1035- 4(3 -

Anthony. M., 19786, Plasrﬁa free fatty acids and prostaglandin E, in rﬁngralne and STFESS
Headache, 16 58-63.

Anthony, M, H Hinterberger and JW. Lance, 1967 Plasma serotonip in migraine and

stress, Arch. Néun:el 16 544-52

Anthany M, H Hinterberger and JW. Lance, 1968 The pcssnble relationship of ~ *
serotonin to the migraine syndrome, Res. C/in. Stud. Headache, 2. 29-59,

£

Anthony, M., and JW. Lance. 1971 Histamine snd serotonin in cluster headache, Arch.
v Neurol., 25 225-31

Modern Topics

Anthony, M., and JW. Lam:e\ 1975 The role of serotonin in migraine, i}
inMigraime, ) Pearcetled), Heinemann, London, pp. 107-123

7
Appenzeller, 0., 1972 Altltudé headache, Headache, 12 126-29,

Y

Appenzeil'er 0. 1978 Reflex vasomotot fum:tlans €linical ald expg_:
migraine, Res. C/in. Stud. Headache, 6 160-66 s

Appenzeller, O, K. Davjson and J Marshall, 1963 Reflex vasor bnormalities in
the hands of migra Rous subjects, J. Neuro/. Neurosurg. Phychiatry, 26 447 -50.

Auliciems., A, 18972 The Atmospheric Environment: A [study of “comfort and
performance, University of Toronto Press. Toronto

Barrie. MA, WR Fox, M. Waeatherall and MILP. Wikinson. 1968 Amlyscs of symptoms
of patients with headaches and thew response to treatment with ergot derrvatwgs
Quart. J. Med., 37 319-336 .



S8

Bell. AN, 1885 C/imatology and Mineral Waters of the United States, William Wood,
New York )

Bille, B. 1962 Migraine in school children, Acta Pﬁd/;:;tr” (Suppl 136). 51 14-151.

Blau, JN, and JN Cumings, 1966. Methods of precipitating and preventing some
migraine attacks, Br. Medg. /., 2 1242-43

Brace, CL. 1970. A nonracial approach ;awards the understanding of human diversity, it
The Concept of Race, A Montagu. (ed). Collier—-Macmillan, London, pp. 1Si 162
L -

% e

Brainard, JB. 1979 Contro/ of Migraine, W W. Norton, Toronto. f\ :

N ) * ) . B ) 3 B ‘
Brezowsky. H. 1960. Uber die pathogene Belastung durch Wettervorgange, =
Medizinische K/inik. 5% 2235-40.
L]
Brezowsky, H, 1964  Morbidity and weather. i Medica/ C/imagology. S Licht (ed),
Waverly Press, Baltimore, pp. 358-99

Brown, AW.A, 1977 Yellow fever, dengué and dengue haemorrhagic faver, in. A Wor/d
Geograpfty of Human Diseases, GM Howe, (ed). Academic Press, New York, pp.
P i

Bruyn, GW., 1968 Complicated migraine, in. Handbook of Clinical Neurology, P.J.
Vinken and GW. Bruyn, (eds.), John Wiley, New York, pp. 59-95.

Budyko, ML, 1874. C/imate and Life, Academic Press, New York.
k .

Burtcm: . RW. Kates and GF. White, 1978. T/e Environment as Hazard, Oxford
University Press, New York. \r—* 2

: = ES

Carison, LA# L~G. Ekelund and L. Oro, 1968. Clinical Whd Metabolic effects of different

doses of prostaglandin E, in man, Acta Med. Scand., 183 423-30. PR

Chapman, LF. AO. Ramos, H Goodell, G Silverman and HG. Wolff, 1960. A humoral
E%Bﬁt implicated in vascular headache of the migraine type, Arch. Naurol/., 3.
223-29. ' )

Cruciger, MP, apd-ML Mazow, 1978 An unusual case of ophthaimoptegic migraine,
Am. J. hthalmoi., 86 414-17. . _ :

/sease, W B. Essman, (ed), Spectrum, New York. pp. 403-43.

1

d, G, 1978 Serotonin and neurological disease, in. Serotonin in Health and




W
w

Curzon. G. MH Joseph and P.J Knott. 1972 Effects of immobilization and food
deprivation on rat brain tryptophan metabolism, J. Neurochem., 19 1967-74.

" Dalessio, D.J. 1968. Headache mechanisms, in Hand book of Clinical Neurology, vol. 5,
PJ Vinken and GW. Bruyn ieds) North Holland Publishing, Amsterdam, pp.
15-16. ’

Dalessio, D.J. 1974, Effort migraine, Headache, 14 53.

Dalessio, D.J. (ed). 1980 Wo//f's Headache and Other Head Pain, Oxford University
Press, New York. _

Danon, A, and FG Sulman, 1969 lonizing effects of winds of il!¥rgpute on serotonin

- metabolism, Biometeorology, (SUppl to /nt. J. Biometecrol.) vol 4, pt
135-36. : : :

Danon, A, CP Waeller and EG Sulman, 1969 Effect of hot, dry desert winds on man,
Biometeorol/ogy. (Suppl to /nt. J. Biometeorol.), vol. 4, pt | 71-72

De Rudder, B, 1952 Grundriss einer Meteorobiologie des Menschen, Springer-Verlag,
Berlin. . .

Dvilansky, A, S. Rishpon, |. Nathan, Z. Zolotow and A. Korczyn, 1976. Release of
- platelet 5—hydroxytryptamine by plasma taken from patients during and between

migraine attacks, Pa/n, 2 315-18

Edeiman, AM, PA Berger and JF. Reson, 1977. 5-Hydroxytryptamine: basic and clinical
perspectives, in. Neuroregul/ators and Psychiatric Disorders, E. Usdin, D. Hamburg
and J. Barchas, (eds). Oxford University Press, New York, pp. 177-187.

Engel. GL. EB. Ferris and J Romano, 1945 Focal electroencephalographic changes
during the scotomas of migraine, Am. J. Med. Sci., 209 650-57.

Forsythe, W.L. and A Redman, 1974 Two control trials of tyramine in children with
migraine, /. Med. Dev. Child Neuro/., 16 794-99 :

]

Friedman, AP, 1969. The linfinite) variety of migraine, in. Background to Migraine, Proc.
Third Migraine Symp., Springer-Verlag. New York, pp. 165-80.

French, EB, BW. Lassers and MG. Desai, 1967. Reflex vasomotor r‘espaﬁses in the

. hands of migrainous subjects, J. Neuro/. Neurosurg. Psychiatry, 30 276-78.

Gold, J, 1964. Pathologic effects of heat exposure, in. Medical C/imatology, S. Licht,
(ed). Waverly Press, Baltimore, pp. 400-27.

Gofta, FL, and AL Winter, 1959 Analysis of cerebral responses to flicker ‘in patients
complaining of episodic headache, E£/ectroenceph. Clin. Neurophysiol., 1
539-49.



/ | 100

Gomersall, JD. and A Stuart, 1973 Variations " migraine attacks with changes in
weather conditions, /nt. J. Biometeorol., 17. 285-99.

[S

Graham, JR. and HG Wolff, 1938. Mechanism of migraine and action of ergotamine
tartrate, Arch. Neurol. Psychiatry; 39. 737-63. . :

)

Greene, R. 1975. The endocrinology of headache, in Modern Topics in Migraine; J.

Pearce, (ed).Heinemann, London, pp. 64-71.
. ’ . -

Guest, LA, and AL Woolf, 1964. Fatal infarctiod of brain in migraine, 8r. J. Med., 1
T 225-260 : | )
Hanington, E., 19_67. Pr*ﬂnﬁry report on tyramine headache. 8r. J. Med., 2 550-51. .

Hanington, E. M. Horn and M Wilkinson, 1970 Further observations %e effects of
: tyramine, n. Background to Migraine, Proc. Third Brit. igraine Symp.,
Heinemann, London, pp. 120.

Henderson, WR, and NH Raskin, 1972 “Hot dog" headache: ‘individual susceptibility to
nitrite, Lancet, 22 1162~-63. ; ’

Henryk-Gutt, R, snd WL Rees. 1973 Psychqlogical aspects of migraine, J.
Psychosom. Res., 17. 141-53. .

Herz, A, and J Blazig. 1978 Seritonin in acute and chMiate action, in. Serotonin
in Health and Disease, W.B. Essman. (ed), Spectrum, New York, pp. 341-72

Hilton, BP, and JN. Cumings. 1971 An assessment of platelet aggregaton induced by L
S-hydroxytryptamine. /. C/in. Patho/., 24 250-58.

Hilton. BP., and JN. Cumings, 1972 5-Hydroxytryptamine levels and platelet aggregation
* responses in subjects with acute migraine headache, J.. Neuro/. Neurosurg.
Psychiatry, 38. 505-09. g

Hingston, WH, 1884. The C/imate of Canada and its Relations to Life and Health,
Dawson Brothers, Montreal. . : . : -

Hippocrates, quoted from The Medical Works of Hippoerates, J. Chadwick and W.N.
Mann, 1950, Blackwell, Oxford

Hollwich, F, 1974 Biologic effects of solar radiation: effects on the eye. in Prog. i’
Biometeoro/., Division A, vol. 1, pt IA, SW. Tromp, (ed), Swets snd Zeitlinger,
Amsterdam, pp. 373-77. ' o

Huntington, E. 1945 Mainsprings of Civilization, Jobn Wilay, New York.

Jarcho, S, 1967 General Grant's headache, Bu//. N.Y. Acad. Med., 43 1224,



L. . 101

Kellogg WW. and M. Mead. 1976. The Atmosphere: Endangered and Endangering,
Eagx’ty international Center Proceedings No 39, DHEW, Publications. Washington,
DC ’ :

Kevan, SM, 1976 Mans behaviour. lts relations to meamspheﬂ: environment,
Climatol. Bull.,No. 19 1-16. o

Kevan, SM. 1980. Under the weather?, Chinook, 2 38-39,

Kevan, SM, and R Chapman, 1980 Variations fﬂ"rifg‘iﬂ'!ly mortality rates in Canada, in
Canadian Studies in Medical Geography, F., Barrett, {ed). York University
.Geographical Monographs No. 8. Toronto, pp. 67-77.

Kimball, RW:. AP. <Friedman and E Vallejo. 1960 Effect of serotonin in migraine
patients, Neuro/ogy, 100 107. .

King. AB.. and SM._Robinson, 1972 Vascular headache of acute mountain sickness,
Aerospace Med., 43 B49-51. ' ,

Kroeger, AP, 1972 )

C re air ions biologically significant? A review of a controversial
subject, /nt. J. Rjign 52. -

meteoro/., 16. 313~

Kugler, H. 1972, Medizin-Meteorologie nach den Wetter phasen, Lehmanns, Munich

Kugler, J. and M Laub. 1978 Headache determination by meteorotropic influences, Res.
Clin. Stud. Heasdsche, 6: 117-22 :

Kwok, RHM. 1968. Chinese-restaurant syndrome. New £ng. J. Med., 278 796.
Lance, JW, 1975. Headache: Understanding, Alleviation, Charies Scribner, New York.

Lance, JW. 1978 The Mechanism and Management of Headache, Butterworths,
London. : .

Lance. JW. and M. Anthony, 1966. Some clinical aspects of migraine: a8 prospective
survey of 500 patients, Archi. Neuro/., 15 356-61 : !

Lance, JW. and M. Anthony, 1971 Thermographic studies in vascular headache, Med.
1. Aust', 1. 240-43. , !

mes JW, DA Curran and M. Anthony, 19685. Investi ﬁﬁQﬁS-iﬂtQ the machanism and.
treatment of chronic headache, Med. /. Aust., 2 909-14. " ,

Landsberg. HE. 1969 Weather and Health, Doubleday, Garden City, New York. |

Landsberg. HE. 1972 The Assessment of Human Bioclimate: A |imited review of
physical parameters, WMO Technical Note No. 123, Geneva :



102

Lawrence. JS, 1877 influence of weather and climate on rheumstnc dismases, in Prog.
in Biormeteorol., Division A, vol. 1, pt Il SW. Tromp. (ed), Sweats and thhnger
Amsterdam, pp B83-88.

Licht, S, (ed), 1964 Medical C/imato/ogy, Waverly Press, Baltimora.

Lowry. WP, 1972 Weather ahd Life, Academic Press, New Yock.
s !f

Lund, F. 1957 Studies on the shape of the temporal ﬁary isations in vascular
headache, particularly migraine, Acta Med. Scand., 158 21-

Lyster, WR, 1976 Death in summer, Lancet, 1. 469.

Macfarlang A, and RE Waller, 7976 Short term increases in m:srt;hty during heft
waves, Nature, 264 434-36

Mackie, BS., 1977 Influence of weather and climate on skin cancer, in Prog. /in
Emmetegral Dl\nsuﬂn A vol 1, pt I, SW. Tromp, (ed), Swets and Zeitlinger,
Amstqrd:m 38-44 , : o )

} ,

Macmillan, AL, and J Hockaday, 1966. The effect of migraine and.ergot upon reflex
vasodilation to radiant heating, Proc. Fryrrh Europ. Canf Microcirculation,
Karger. Basel/New York, pp. 343-47.

Masterton, JM, and F.A Richardson, 1979 A method of quantifying human discomfort
due to excessive heat and humidity. CL/-1-78, Atmospheric Environment Service,
Environment Canada, Toronto,

Matthews, W.B. 1972 Footballer's migraine. 87. Med. J., % 326

49-57.

Mills, C. 1942. C/imate Makes the Man, Harper, New York.'

-

Moffett, AM, M. Swash and DF. Scott. 1974. Effect of chocolate in. migraine: a
dmb!a-=bluné study. J. Neurol/. Neurn.surg Psychiatry, 37 445- 45 :

-M«:muyama M., and hl Katayama, .1966. A medico-climatological study.in the seasonal

2/ .

variation of mortality in the Unﬂéd States of America, Papers Meteo Gé@phys

17. 279~ 85.

=

Mcarg CB, and B. Vonnegut, 1977 The thundercloud, in: Lightning (vai 1. RH Golde,:

{ed.). Academic Press. New York, pp 51-58

i

Myers. RD, and MB Waller, 1978 Thermoregulation and serotonmn, in. Serotonin in
Health and Disease, WB. Essman, (ed). Spectrum, New York. pp 1-68.

McDermott, W.. 1961. Air poliution and public health, Scientific American, .‘EQS(‘IQ)?@_

S



Norcliffe. GB. 1977. /nferential Statistics for Geographers, Hutchinson, London

- Olesen, J. 1978 Some clivical features of the acute migraine attack. An analysis of 750
patients, Headache, 18 268-71. , .

Olgyay. V. 1963_ Design With Climate: Bioclimmtic approach to architectural
regionalism, Princeton University Press, Princeton, N.J.

Ostfeid, AM. LF. Chapman, H Goodell and HG Wolff, 1957. Studies in headache:

summary of evidence corcerning a noxious agent active locally during migra
headache, Psychosomn. Med., 19 199-208.

Pearce, J. 1971 Some aetiglogical factors in migraine, in Background to Migraine,
Proc. Fourth Migraine Symp.. Springer-Verlag, New York, pp.1-7.

Petersen, WF., 1938 The®atient and the Weather, Edwards Brothers, Ann Arbor, Mich.
4 volumes.

Petersen, W.'F., -1940. Human organic reactions to weather changes Bull. Am.
Meteoro/. Soc., 21: 170-75. :

Petersen, W.F., 1947 Man, Weather and Sun, Thomas, Springfieid, lil.

Prensky, AL, 19%. Migriine and migr;m@us variants in pediatric patients, Padiatr. Clin.
North Am., 23 461-71.

T, Va . - . ’
Raskin, NH, and O. Appenzelier, 1980 Headache, Saunders, Philadelphia

Raskin. NH., and SC. Knittle, 1976 Ice cream headache and orthostatic symptoms in
patients with migraine, Headache, 16: 222-25.

Rawnsiey. K. and JB Loudon, 1964 Epidemiology of mental .disorder in a closed
© community, 8r. J. Psychiatry, 110 B30-39

Ray, BS. and HG. Wolff, 1940 Experimental studies on headsche. Pain-sensitive
structures of the head and their significance in headache, Arch. Surg., 41 813-56.

| ,
Reiter, R, 1974 Biolo'gic effects of electric and elsctromagnetic fields. i Prog. in

Biometeorol.,, Division A, vol 1, pt IA, SW. Tromp, (ed), Swets and Zeitlinger,
Amsterdam, pp. 329-334 . .

Research Group on Migraine and Headache, 1969. Definition of migraine, in. Background
to Migraine, Proc. Third Migraine Symp., Springer-Verlag, New York, pp 18 1-82.

Robbins, M. 1966. Explorations in Psychocultural Bioclimatoiogy, PhD. thesis,
University of Minnesota.



o

104

Robinson, N, and F.S. Dirnfeid, 1963 The fénizaugn stafe of the atmosphere as a
function of the meteorological elements and of various sources of ions. /nt. J.
Biometeorol., 6 101-10 &

Rohden, H. 1933 Einfluss des FShns auf das kotperlich-seelische Befinden, Arch.
Psychol/., 89 605.

- ¥

Rose, MB. 1974 Effects of weather on rheumetism, Physiotherapy, 60 306-09.
Ryan, RE, Jr, 1974 A chnical study of tyramine as an eticlogic ‘factor in migraine,
Headache, 14 43-48 - :

L T

"Rysn. RE. St and RE. Ryan, J0r. 1978 Meadache and Head Pain, CV. Mosby. St

Louis.

Secks, OW.. 1970 Migraine: The Evolution of a Common Disorder, Faber and Faber,
London. . ’

Sandler. M. MBH Youdim and E Hanington, 1974, A phenylethylamine oxidasing defect
' inmigraine, Nature, 250 335-37. . -

Sargent, F., and’ RG  Stone. 1954 Recent studies in bioclimatology: a group,
Meteoroiogical Monoagraphs, vol. 2, no. 'E{Am Meateorol. Soc.. Boston '

‘ i . h 7 i 2 .
Sargent, F. and SW. Tromp, 1964 A survey of human biafﬁétearﬂlagy. WMO Technical
Note Na. 65, Genava : ¢

=

Selby. G. and JW' Lance. 1960. Observations on 500 cases of migrane and aliied
vascular headache, J. - Neuro/. Neurasurg. Psychiatry, 23 23-32.

Shaw, SW.J, RH Johnson and HJ Keogh, 1978 Oral tyramine in dietary ﬁ'ngmﬁi
) sufferers, in: Current Concepts in Migraine Research, R Greens, (ad), Raven Press,
New York, pp. 31-40. - \ ,

Sicuteri, F. 1976. Migraine, a ceftral biochericsl dysnociception, Hesdache, 18 145,

Sicuteri. F. A Testi amd B. Anseimi, 1961, Biochemical investigations in headache:
increase in hydroxyindole acetic acid during migraine attacks, /nt. Arch. Allergy
Appl. Immunol., 19 55-58. :

Skinhej, E. 1970 Determination of regional cerebral blood-flow within the internal
carotid system during the migraine attack, in  K/iniske ‘'Aspekter |
© Migraeneforskningen, Nordlundes Bogtrykkeri, Copenhagen, p. 43 (cited from

- Lance, 1978). ~ - . )

Skinhej, E. 1973 Hemodynamic studies within tha brain during migraine, Arch. Neurol.,

29 95-98.
"



' = [
Smuth. I. AH Kelow and E Hanington, 1970. A clinical and biochemical correlation
between tyramine and migramne headache. Headache, 100 43-52.
' 4
« Somerville, BW. 1972a The role of estradiol withdrawal in the etiology of menstrual
migrame. Neuro/ogy, 22° 355-65 . '

'r_ﬁ‘

Somerville, BW., 1972b. A study of migraine in pregnancy. Néuralﬂfgyf. 22 824-28

Somerville! BW., 1975. Estrogen-withdrawal migraine: | and I, Neurology. 25 239-50.

Somarvilia, Biw,,é 1976 Pﬁfﬁatibcuﬁd aﬁrdr f-ree serotonin Idveis in jugular and forearm
venous blood during migraine, Neurv/ogy, 26:41-45. - : :

Sulman, F.G, 1971 Serotonin-migraine_in-climatic heat stress. its prophylaxis and
treatment, Proc. /nt. “Weadaghe Syfnp., Elsinore, Denmark, pp. 205-10. '

Sulman, F.G. 1976. Heal/th, Weather and C/imate, Karger. New York.

Sulman FG., A Danon, Y. Pfeifer, E Tal and CP. Waller, 1970. Urinanalysis of gatigﬁts
suffering from climatic heat stress (Sharav), /nt. J. Biometeoro/., 14 45-53

ff—‘!_

e June-July 1976 hot spell. Weather, 33 221-26.

Tout. DG, 1978 Mortality in

Tromp. SW. 1963 Med/cas Biometeorology (Westher, climate and the living'
organism). Elsevier, Nefw York )

Tromp, SW., 1964 /G\Iegthgr_ climate and man, in; Hand book of Physialogy, Section 4:
Adaptatjon ta fhe Environment, DB. Dill, (ed), Am Physiol. Soc., Washington. D.C.
pp. 283-93 | :

(

‘ N -
Tromp, SW.; (ed), ‘IQZ?. Pragress in Biometeoro/ogy, Divisian A, Swets and Zaeitlinger,
Amsterdam, o . . '

Tromp, SW., 1980 Biometeoro/ogy, Heyden, London.

Tromp, SW. and JJ_ Bouma; 1965 Effect of westher on asthmatic children in the
eastern part of The Netherlands, /mt. J. Biometeoro/., 9 233-38.

Tramﬁ, SW. and JJ Bouma 1970. The thermoregulation efficiency in males end
females in response to meteorological stimuli during pregnancy and pathologigal
conditions, Monogr. Ser. Biometeorol. Res. Centre, HKQ Leiden.

Tromp, SW., and V. Faust. 1877 Influence of westher snd climate on ments! processes
in general and mental diseases in particular, in. Prog. in Biometeorol., Division A,
vol 1, pt I, SW. Tromp, (e;ﬁ Swets and Zeitlinger, Amsterdam, pp 74-82.

Tumis. MM, and HG. Wolff. 1953 Studies on headache k:mgétér’r;r;l observations of the



"‘ﬁ

reactivity of the cranial arteries in sc.ﬁ)et:ts with vascular headache of the mgrr@
type. Arch. Neurol. Psyghiatry, 70. 551-57

Waters. WE, 1975 Epidemiology of migraine, in Modern Topics in Mlgrame J
FPearce, (ed). Heinemann, London, pp 8-21.

Waeich, KMA_ P.J Splrl L. Knowles and JW Lance, 1974 Effects of prostagiandins
on the internal and external carotid blood flow in the monkey, Neurplogy, 24
705-10.

- ‘

Witson, E, 1972 Diary of the “Terra Nova™ expedition to the Antarctic, 1910-1912,

HGR King, led), Blandford Press, London, pp. 129-134.

Wolff, HG. 1972 Headache and Other Head Pain, Oxford University Press. New York.

Wurtman, RJ, J Axelrod and DE Kelly, 1968 The Pm;‘ Academic Press. London /



