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ABSTRACT 

This thesis is in t wo interrelated parts . Part One traced 

the historica l development of medical geography since t he idea of 

applying a geographical perspective to medical pr oblems was first 

mooted in 4 B.C. The main trenas in the evolving philosophy and 

methodology of this field were noted, and a distinction was made 

between the Western and Sovi et interpretations of the nature and 

scope of medical geography. The methods available to medical 

geographers for cartogl'aphi cally portraying modical data were 

dis cussed. 

Part Two r epresented the application of gecgraphical 

principles to the study of r ar e systemic connective tissue diseases . 

The inherent problems of collection. and of ver ification of the 

medical data used in t his study wer e detailed. Using cartogr aphic 

and statistical techniques t he di seases under study were spatially 

and temporally defined . It was f ound that scleroderma had a 

statis tically significantly hi gh i ncidence i n the Taier i Geographic 

County, and it was t his disease and this ar ea V!hich were the princi pal 

contributory f actors to t he statistically significantly hi gh inci

dence of all connective tissue diseases at the larger scal es of 

areal units in the Otago region . 

The structures of the popul ations affected by these 

disea ses were also studied, with t he findings gener a lly confirming 

the results obtained in overseas surveys. No association was found 

between the incidence of systemic lupus erythematosus, and high 
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sunshine hours, while the disease subsets did not exhibit a rural or 

urban bias in their incidence. Paucity of cases precluded a study 

of the possible r acia l predilection of t he disea s es or any association 

of incidence with a patient ' s occupation. 

Suggested avenu es for possible aetiological research 

accruing from t his analysis were detailed . 
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PREFACE 

Despite the long ancestry of medical geography, the field 

has only recently shown signs of' emerging as a distinct specia lity 

(1-U'lllstrong, 1965a ). The applic~tion of geogr'~phic techniques to 

medical problems is frequently viewed with suspicion and scepticism 

not only by those in medicine, but also by many fellow geographers . 

This thesis at tempt s to demonstr at e tho utility of such an approach 

to medicnl r esearch . 

Al though in two po.rts, t his work should be r eg::irded a s a 

s equential statement on en integrQ.ted projGct. Part One 'The Field 

of Medica l Geography' introduces the concepts of 'hee,lth ' and 

'disease', while n.lso discuss ing the ' position' of medical geography 

on the borderline between the two par ent disciplines, medicine and 

geography. The his t orical development of medical geography is 

examined in Chapter Two, with a differentio.tion being made between 

the r es pocti ve Western and Soviet intorpr et •ctions of the nature and 

scope of' the fi eld . While cartogr aphy hr.t s evolved t o become an 

integra l part of contemporary medical geographic research, t his 

situation has not always prevailed. Chapter Three considers the 

development of medica l cartography, a nd concludes with a discussion 

and evaluation of the methods available to a medical geographer for 

portraying health and ill-health data . 

Part Two applies a medical geographic methodology to the 

study of rare connective tissue diseases within the New Zealand 

environment. The aim of this survey was tp provide a perspective 
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on the natural history of the diseases under study, to suggest clues 

for further investiga tive research, to test whether the findings of 

overseas studies are confirmed by New Zealand data, and to provide an 

i llustr ative case study in medical geography. As the quality and 

quantity of the dataarailable deter mines the extent of a medical 

geographic study, and the sophistication of the techniques that can 

be utilised, the data base is extensively discussed in Chapter Two . 

Cartographic and statistical techniques nere employed t o test a 

number or formulated hypotheses aimed at spatially and temporall y 

defining the diseases. Comparison is also made with overseas 

studies as to the structure of the populations found to be affected 

by these diseases. 

As medical geogr aphy is a tool for resea rch and rarely an 

end in itself (:McGla shan, 1972b), thi s study must be regarded as only 

a foundation stage of research into the aetiology of connective tissue 

diseases . Therefore, the conclusions that accrue. from t his study are 

offered as tentative hypothes es for subsequent testing. 

This thesis pr ovides evidence of the important contribution 

that geographers have made to medical research . Due to the multiple 

aetiology of most diseases, prevention or control can only be achieved 

through inter- disciplinary co-operation . Medical geographers , with 

their macroscopic perspective of the environment, and their specific 

geographical competences, should be considered as integral members of 

future medi cal research teams . 
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PART ONE 

The Field of Medical Geography 



CHAPrER ONE 

HEALTH AND DISEASE 

The preamble to the Y.1orld Heal th Organisation defines heal th as 

"a state of complete physical, mental and social 
well-being, and not merely the absence of disease 
or infirmity."(1) 

To Le Riche and Milner ( 1971 , 81 ) this statement is 

"euphonious, \'Tell-meaning and full of splendid idealism, 
but ••• it has very little t angible meaning . Perhaps it 
had better be regarded a s a desirable ideal, r ather t han 
a definition of a particular condition in mankind." 

Health is merely a concept and its standards Pill vary in different 

parts of the globe depending upon the availability of medical 

facilities, the acquisition of knowledge, and the dynamic impact of 

change in man's enviornment . Its real measure is t he ability of the 

individual to function in a manner acceptable to himself and in harmony 

with factors likely to create stress upon his body (Le Riche and Vilner , 

1971). Health, as May (1958, 1961) suggests, is a complete adjustment 

of the organs of the body to each other and to environmental 

conditions. Here environment refers to those forces which act upon 

the living tissues, namely, both the natural (physical and biological) 

and socio-cultural realms of man . 
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Conversely, when there is a disruption of this equilibrium disease 

will manifest itself . Thus disease is 

" n maladjustment of the living cells to thei r envirolli!lent" 
(Nay, 1958, 29) . 

Disease causation is rarely the consequence of a singlo, active , 

ha rmful factor but rather of a multiple ae tiology . Of tho numerous 

factors tha t may influence the occurrence of disease, ho"l"revcr, two 

principal groups can be dis tinguished: endogenous f a ctors c,r those 

which are inside t he organism (e . g . tho inhGrited constitution of the 

organisr:1 ), and exogenous f :;ctors or thos e which are outside-: tho body . 2 

The~efore, if disease is viewed as the r esult of disruption of a state 

of balance betweG n organism and environment, it may arise, c.ccording 

to Slioshin ( 1 968 9), in any of tho following si tun tions: 

"firstly, when signifi cant endogenous changes tllko pl:J.co wi t hin 
the human organism which cannot be; cuopensated by external 
f Gctors; so ~ondly, when shar p changes of external fnctors take 
place and tho defensive r esourcffiof the organism are unable to 
en.3uro the r equisite balnnce ; thirdly, wh0n there occur changes 
of both endogenous and exogenous onvironmonto.l f actors . " 

In e0,ch of t hese s itua tions there a r e three basi o coc ponents which can 

act in va rious combiAations : 

a ) the human organism with its a ccompanying endogenous factors; 

b) the r eactivity and i r:JL'.lunity of that organis• ; and 

c) the exogenous enviroI1J71ental f actors. 



Disease , or groups of di s eases, r Gsul t frol.!l tho int-.~r :1ction of 

those thr oo f actors . Endogonous and 8Xogenous f a ctors the r efore, wil l 

not only detonninc t he patte rns of occurrence of di s enso . or groups of 

disea s es, but :1l so their severity 3.nd spacio- tempor a l cxt:mt . 'l'hus 

i t may be be tt er to think , :-1s Ba:1to. and Fonaroff (1969, 88 ) suggest , of 

.. ... dq;r o(;s of hoc.l th r o. th,:: r than of diseas e per sc 1l 

i n which th0ro i s o. continuui: rt:'.i1gin,.: f r oo extr ono n2lndjuGtr:-:ont or 

dcr1th through sl i ght illn,.::ss to p: rfoct nd.justri-mt ( which woul d only 

r arely b~ :,. tta ine d in I os t hwnn.n livos ) . Ar:;ong popul". ti ons, the degr ee 

of r:mlndjustnent i s r e f l c ctc,d c r uddy i n r:iorbidi ty und nort.'.l.li t y 

indices whicl1 vary in r a t o throu15h tinu 2nd space . 

The Rol e of Guography i n ~edicnl Research 

By identifyi ng t h,., factor or ~roup of f c,ctors, which i n c o;:ibina

tion, crtus e overt disease (or disrupt tho balnnce of tho organism with 

its environrnen t) tho fi r st step i s t ak en tow,.r d a n und ers fanding of 

the causation of di seas ,i . It t hen be coP1es possibl e, i n th(; s e cond 

stop, to r emov e e ithe r tha t f ac t or or one of t h oso in a combinc tion , 

and thus hopefully break t he c cusc.tive chain (Muir Gri eve and 

Maytharn , 1963 ). Geog r aphy can mnko an i mportant contribution to 

t hG fi e ld of nedical sci ence, particula rly in the first step, tho 

identi fic a tion of the disease causing f a ctor or factors . 

Ncdical geography may b e defined as the study of t ho spa tial 

va ria tions a nd t emporal changes of health and ill-health and 
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identifying causal relationships with the geographical environnent~ 

As a peripheral area of r esearch, be tween thG fi elds of googrn.phy nnd 

medicine, nodicc1.l geogrnphy overlaps r csenrch /1.,r eas of those 

disciplines within modicnl science which simil~rly invos tigQte 

disoas e- onvironm.ent r el a tionships . E2ch fi old does , how,,ver , hr.ve 

a differ ent eophasis. 

3 Geogr~phical pnthology, as defined by Doll (1959, 11) , 

"is the cor:1pnr .1. tive s tudy of tho incidonco of dise.'.lse r..nd the 
di s tribution of phys iolegic ~1 l trr.. i t s in peoples be longing to 
diff er ent communities throughout the world nnd t he, correla tion 
of thes e dc. t n with f , ntur0s of the socin.l Lend googrep11ic~~1 
onviror>...ments. 11 

Avtsyn and J nvoronkov (1968) cl0,i r:1 t ha t the principnl distinguishing 

f e,,.,_ ture betwe:en me licn l geogr e.phy -:cnd googr nphic2l pt, t' io logy i c thn. t 

tho forner s tudi os the totE'. l googro_phic.:t l environnent wh,,,;roc.s t he 

lntter inves tig:, t es t t c r ec:ction of th0 orgn.n i so to th:, t environnent. 

Epideoiology4 is n, s i mil r so2-rch for dis oc,s o n.o t iology but with 

enph· ,sis upon the kinds, ::md structure of th e nff ected popul ",tions. 

Schwabe (1969, 160) succinctly st~t es 

"epide• iology is t w study of di seases in popul:, tioas 1f 
orga nisms - often with t he obj oct of th eir prevention sr 
control." 

Morris (1967, 275) believes tha. t tho utility of this r esollrch field 

derives 

" • • • from the principle thn t in epider:iiology whole 'populntions' 
(or their snraples) ar e studied nnd co~pnred, nnd nut pnrticulnr 
individunls or patients . " 

Audy (1958, 102) questions the suitability of tho t or n ' nodicnl 

geogr~phy ' a.s n nnme for the study of the distribution of diseas es 
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ove r t hG world C'.nd the ir behaviour in u..ny one~ cornnuni ty. Acc ording 

t o hin 

1'cl er::. r thinking • D-y be hinder ed by eDphns i s on gGogrC'.phy. 
which i s '.lssocin t ed in our minds with l nr go s ca l e s ::.nd 
exotic plC'.cos ••• " 

Ho , t hor cforo , proposes t ho u se of t ho t e rn ' • edi cal e cology ' to 

des cribe 

n • .•• t hc s tudy of popul ".. tions of D'1n with s pe ci.''..l r e f er enc e to 
onviromJ.Gnt ,,nd t o popul ':. ti ons of ,'.J. 11 othe r orgrmisrn:: ns they 
,'.lf f oct hi s hc-nl t h '.lnd h i s numbers ." 

r1ny ( 1952 , 1967b) s i e il .:.:.rly hns u r ged r uplncrn::iont of t he t .::;rn 

' nediccJ.l geog r aphy ', wi th tho ' e cology of honlth nnd di soc:so '. 

This l nt t er t 1..- r n h o s ui;e-ests (1 952, 2 ) 

n ••• s tresses t h_ f-, ct t h:1. t t h i s i s prirr.rily a s tuc.y of 
envirnnmen t-'11 f 'lctors , 3.nd t hcJ. t t ho stu dy of t he onvironnent 
of hoc.1th cr.nnot b e supnr .::. t cd f ron thu s t udy of t he enviroru:ient 
of di soc.s0 , nnd t h...: t phys io l ogy c c:.n no t be sop<:r r: t ed froo 
p., t hology if the l 1.tt0r i s to bo un der s t ood ." 

Lonr r:ionth ( 1970 , 7) by dcfininf:; r:iod.icd e cology ,'.ls 

11 tho s tudy of t he web of r el .:J. tionships of o.. disease or 
di sec,se coopl ex i n i ts phys ic,".. l ,'.:'.nd s o c i al (.mviroru2c-nt 
on e cologi cal s i t0s", 

finds t ho two fi e l ds of • edi c.:J. l geogr ,'.lphy a nd r1edi cnl ecology 

coo plenentnry though distingui .hab l o . Medica l g eogr aphy in this 

t er r:i inology be comes nn extens ion of • odi cnl e cology dee.ling with 

l cJ.rgor coDmunitie s n t the • a ero-geogra phic sca l e (Audy, 1958 ). 

In light of the foregoing coEJDents it is a ppar ent, in Bnnta and 

Fona roff ' s words (1969, 91), th3 t 

"disciplinnry bounda ri es, for whn t they c.r e worth, rl r e h nzy 
her e , and hopefully will r emain so." 



Due to tho oultiple ae tiology of oost disoasos, a chi eving 

"the allovin tion of hunan suff ering a nd the ev entua l 
cliraina t i on of disease" (Muir Grieve nnd Mayt h:1.0 , 
1963, 38) , 
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will involve int c:;r- cl i s cipl i n~~ry co- opc.:r:'.tion. McGlnsho.n (1972b, 14 ) 

obs erves tha t 

" coll aborr:. tive effort r:.s co-oonb.:.:!Ts of nn intor - disciplilv ry 
t ons i s likoly to yield bost r osu l ts .'.lnd uv en t he disci plines 
r cpr escntt..d wi ll v ,-,.ry with thu individun.l probl en which 
r oq_uiros s olution." 

v!herws Schw:,be ( 1 969 , 64) s i npl y st.1- t es th', t 

'
1intc r-di s ciplinr,.ry co-opL: r -:c tion - tho tcn.r:1 r,ppro,1-ch -- i c 
thG keystone of public h c::il th pro.ctice ." 

ThG i ni ti r. tion of ,r,ny 11 (;W GVid enco th-'l t r;ny contri bute to brunk ing 

the disoe.so e r.us .·~ tivo ch::-.in 2nd/ or prophyl .'.;.ctic r:!c r.::.surcs b0ing 

forr:iuL.ttod should be suffici;;nt j ustifica tion for conducting r cs8::irch 

wlw t hc r in nodi cc.l ge ogro.phy, googr,.:phi cal pG t hology, upidcDiology, 

or nodi cn l ecology. Possibly ~h0 only wny in which r0s 0~r churs in 

these f i ol ds c,111 be distinguished f ron OQch oth8r i s by th0 discipline 

in which t hey hnv o r eco ive d t heir tro.ining . With :1 nodi cr.l googr r.phc r 

his trninod co1:po t on ce lies in geography and h e i s first of r.11 n 

geogr a pher (Learnonth, 1970 , 8 ), whcrens a geogr aphi c nl pn thologi s t , 

a ccording to Avts yn a nd J nvoronkov. ( 1968, 278) i s first of nll a 

doctor and n pa thologis t with c .. wi do s cope of int e r es ts. 

The r ol e of the oedi cal geographer is to make the skills a nd 

t e chnique s of geogra phy ava ilabl e to oedica l s ci ence , but in no way 

to usurp the functions of workers in tha t fi e ld. I"lcGlr:.shrm ( 1 966a , 

1969c, 1972b, 1973) has detailed four t ~sks which enable the eeogra phe r, 



through his tra ining nnd oxperi once , to onk e n vnlunble contribution 

to ncdicine : 

n ) to prc pnre o.nd colln t o disense do. t a nnd to mnp them to 

show t heir spD.cio-tompornl distributions ; 

b) to nppl y obj e ctive s t n ti s tic ,'11 t es ts tc t hes o di s tributions 

to nssos s vrho thc, r e r not t ho pc~ tt crn i s likely t o hr.ve occurred by 

ch·,nco ; 

c ) to ocn.surc t l1e dos-r cu of c o- cxt e ns i von cs s bo t wc011 di sense 

,...nd othe r sp::--. ti .'1.lly o.nd tGnporo.lly w,ryi ng L ,.ctors . Gc:.: n e;r nlly t he 

geographe r will u tilis o ,-1urli cnl h:vpothe s e s c onc orning di seo.s e 

.'.'..e tiol ogy ns s t nrting points for t ll is furth i.; r inv e s t ig,.,_ tivo st2.ge ; 

,:nd 

d) to t e st whdhur th& sp,:ti n l or te::::ipornl nssoci ··. t i ons t hnt 

c::.y lFv e beer::. shown could be caus . ..,_ ti v e . 

D,., 11 (1 959 , 1967), Hill (1 965 ), o.nd Hopps .-:md Cuffcy (1969 ) h:w e 

dr,,.wn n. tt cntion to th0 difficul ti vo of 0s t c.blishing dis c,,iso c nusD.li ty. 

I n nodicnl gr; e gr a phy t h i s prob l en <".ssu.o<Js CJ. g r 0ntc,r co!1pl Gxi t y due to 

geography ' s inc:vita bl G glnvr:i.lisn tions nbout spn.ce t.cnd t ho intor-

r ol a t odncss of v nric.blos within tha t spa ce . The r ufore , r;s fvl cGlnshan 

(1 973 , 220) hns noted, hypothe tica l r e l n tionah ips formuln t e d in o edicn l 

geogr a phy oust a lso b e g en er alisa tions . Despite nnnlysing • a ny 

f actors tho one critica l f actor c ny no t b e consider ed in n medica l 

g c,ogra phic a nalysis be cnuso of de.ta insufficiency or the inhe r ent 

constraints of the s tudy. For these r easons medical geog r a phic 

studios nay produc e inconclusive nn swers . Nonethel ess, the establish

nent of one new hypothesis or a positive or nega tive finding for a 
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current hypothesis for di s eas e o.o tiology will b e of vnlu0 to nodical 

scienc e: . 

Mcdicn l g eography is ,,_ ' t ool for r es earch ' (Sbop , 1964n , 1964b) 

Bnd ro.roly o.n end in itself . 'l'ho consequc:mco of nodicnl geogr a phic 

studios should be the provision of lJoinb r s for further r es earch in 

othe r spe ciR.lists fi e lds, O• G• gcobot2.ny , goolo~y nnd t he ne dicc. l 

s cionc os . As McGlo.sht:m ( 1972b, 14) st.:-. t 0s r ogc. rding hyrJothcs es 

postul f'. t e d in • ~dic o.l googr o. phic s tudi os 

"the confirn~t tion n e:uded for such hypothosos will li~ with 
0 • discipline which, r a the r thn.n the group, s tudi Gs c ;ch 
indi vidm1l cns e ." 

vlith the continuing .'1ss i oil.:! tion of qu r:n titn tive nn i"..lysis into 

g eogr ;:..phy, tho incrof'. sing :-w ,'.".ilnb ili ty of t he b:,s ic d.·,t l'. ( .2nd 

r ~finoncnt into ~ for~ ~pplicnblo for utilisation in nodi cr: l 

googr nphic s tudi ~~s\ i:.nd the i :,provd:ic.nt in f ':.cili ti os f or storing 

2.nd process ing t hn t do. t n, this to ol i s like ly to bocono d V (.m ri.oro 

u sofull. . 
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CHAPTER TWO 

THE HISTORICAL DEVELO_J?M3NT _OF MEDICAL GEOGRAPHY 

In this his tori cnl survey, 1!es t e rn nedicn l geogr['_,phy and Soviet 

nodicnl geogr aphy .:tr c cons idGr 0d ns se:pnr n t c developing onti ti e s . 

Cognisnncc nay thor ufor o be t aken of th,:,- r espocti VG onvironmmts in 

which tho fi e l f h~s evolved, histori cnl trends wil l bo di scernib l e , 

and ,'.:'. be.sis pr c.r ·'_,~ cd for £'. co• I)2.rn. tive C:Jvc.lu.:::. tion of t ho r Gspoctivc 

contc:r.:por~ry I positions I of lfostern ,.nd Sovi e t nGdicc. l geogr aphy. 

A His tory of \'lcst ern l'lG d.i cnl Geogr,.ph;v 

As l one 11s nnn h1s lived on this eP.rth di s e.n.se hn.s undoubt edly 

plc.guGd hin. Cnstiglioni ( 1 958, 1 3) sta t es this in obser vi ng thn. t 

11 •• -• t he invGstigc.tions of pal a eopatholC:gy ( thnt is, s crutiny 
of thu history of di sease ::md its c orbid r:w.nif usfations in prcJ
historic pGriods) hove dcmonstro.t ed t ha t c..loost synchronously 
with the fi r s t onnifcs t n tions of life on the cnrth the r e arc 
indubitable Gvidences of diseo.s e . 11 

The eerliest r ef er e nc es of out breaks of epidenic dis eases known in 

liter a ture , a rc prob~bly t hose r elating to t he epidemic tha t nude 

the Philistines r e turn the Arl: of the Covenant to Israel nbout 1100 

B.C . , the Plagues of Egypt and tho I s r aelites, the va rious outbreaks 

of l e prosy, and the Plague of Athens in 430 B. C. While supernatural 

forces Md the wrath of God were regarded as causes of diseases, 
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however, there wa s little r ~ason to conside r t h e problem of tho 

r ol n tion of the environnent to di senso . • 

Cla::;.c, ica l riedica l Geogr aphy 

1vi t h tho ,1.dvont of scie ntif ic nodicin0 in Gr ec c l; during t ho 

fifth and fourth ccn turi0s B. C. the geoe r nphicn.l distribution of hunan 

disease , a nd , by i c plicn tion , its associa tion with cnvironne:ntn l 

f nctor3 bocnno known to man . 

The c.uthorship of t ho troati so Airs , Wa t e r s c:.nd Places i n the: 

s; 
Corpus Hi Dpocrn ticun hets b c;0n t h0 subject of nuch dGba t e . -- •11wt h 8r 

it w .s writhm by Hippocr :::. tGs hi:,self or. by one of h i s intir:n t c 

pupils , this wo r k shows r-. cl Gc.r .::ppr ocintion of t h e r e L~,t ions:iip of 

t ho geographic cnvironnent to di soc:so . A s ur11v:ry of th, wo r k i s 

givon i n t >,o fo llowi ng tran3 l 2. tion of t h o f irs t two p.~ r rgr £, phs nn.de 

by Frnncis Adnns for t h e Sydcmhm1 SocL, t y ( 1849): 6 

11 '/hoGVi...r wi shes to invustie:,.t0 ;:1odicine properly, should 
proc Gocl t hus : I n t hi... first pl 1.ce_ cons i d er the sc:.sons 
c f the y ear, n.nd wh' '. t c,f fe: ct ::ch of t h0n pr oduc os (for tl1Gy 
.'.1. r o not c.11 ,'.'..l i k e , but diff ,, r n u ch fron thcJDsul v us ip. r cg:,r d 
to their changes ) . Then , th e: wi nds , t ho hot 2nd t uc co l d , 
"epc ci r.:. lly such ,'.'..S fl. r e cor.1non to [1.11 countri es , nnc1. th0n s uch 
as .1.r e p0 culin.r to ench l ocnl i ty . We oust nl no cons i de r 
the qu<'..li ti cs of t 'O -wa t er s, fo r, ns they dLfor fro,, one 
D.no t h or in b .s t e and we i ght , so nl s o for t h oy di ff e; r nuch in 
their qualiti e s . In the s nne Dn.nner, when one cor.;cs into n 
city to which h e is n strangor , he ought to considor its 
situntion, but it lies ns to t he winds a nd the rising s un , 
for its influenc e i s not tho s ~oe , whe t her it lios to tho 
north or to t he south, to the rising or the s etting s un . 
These things one ought to consider nost a ttentively, and 
conce rning the wa t e r which t he inhabitants use , who t h&r they 
b e narshy or soft, or ha rd , nnd running fro n el eva t e d and 
rocky situa tions, and then if saltish and unfit for cook ing . 
And the ground, whe the r it be nnke d and deficient in wn t er, 
or wooded a nd well wa t e r e d, and whethe r it lies in n hollow, 
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confined situa tion or i s el cv c t od and cold. And the u odo 
in which tho inhc.bitnnts live and what nr c their pursuits, 
whethe r thoy nro fond of drinking tmd ea ting to oxc oss , ".nd 
givon to i ndolonco, or Qr o fond of ox ercis o [:.nd lnbour, Qnd 
not given to exc ess in ...,<'. ting ;md drinking . 

FroD those things, ho ou s t pr oc ood to invGs tie;.". t o ev..., ryth ing 
c ls ,, . For if one knows c..11 things we l l , or o. t l on.s t tho 
gr 0nt or po.±t of then, he cnnnot n i ss knowing wh on he c ones 
into o. str:1.ng e city oi thor the di s ens os pe culiL,r to t he pl a ce 
or tho po.rticulnr n.". ture of corJn on diser:ses , s o tho. t h ,~ ,'lill not 
bo in doubt o.s to t ho tro':. t ncn t of the disoasos, or c o::.nit 
Distakos, 1::.s is likel y to b e th0 c o.so , provided one h 2.d not 
previously cons i de r ed t hese. JJ..'.1. tL.r s ~ And in pnrticul:::.r, as the 
su-:i.s on n.nd t he yunr --,dv n.nc o , ho cc.n t ell whn. t epi dem i c oisonsos 
will "' ttn ck t ho city , either i n su.r:i;-_wr or in wi n t o1·, nnd whn t 
en ch individu.".. l will b,:, in d-2ngo r of experi encing fr or:i t ho 
chnngc of r c;,gi n . .m . For, knowi ng t he chc_ngu of tho so':!.sons , 
t hu risings r.md s e ttings of t he s t ~. rs, how E:nch of thc.n t akes 
place , he will be e>..b l e to know bc for ohc.nd , wha t s ort of y0nr 
i s going to ensue . HC'..ving n,de thcso inv\.:;s tie;1: tiono , nnd 
k nowing beforehnnd t he so.".sons, such 1. one r:,ust b<:- n.c quc. int ed 
w1.th each pnrti cul".r c.n d nust succ o,,d i n t hu pr L:scrv·0 tion of 
h (_;['__J. th , rmd bo , by no !:'.!C'.'..ns unsuccessful i n hi s :-:rt . And , if 
it sho.11 b u thoueht thn t those t h i n6s be long r c.. t hor to 
no t e orology, it wi ll b e ncb: i ttcd , on s econd t h ought, tho. t 
,'.'.s tronony contributes not n. li t tlo , but Ct v ery gr eo. t donl, 
i ndocd , to rJCdicine . Fo r with t he suo.sons , thL di g~s tivc 
orgo.ns of nen und0r _zo .7. chrmgo . " 

Tho a uthor indi cl:'. t c d t ho g r cnt cor2pl 0xity of f nctor s r e l ".. tivo 

to dis eas e nnd r e cogni sed t hnt t here wor e di sc,nses which w0r l1 c.. lw1:ys 

present in n popul a tion ( cnde12ic disons,-::s ) c..nd other ci i s~:,sos which 

we r e not, but which n t pnrticulnr tines o.nd in pc.. rti cul~:,_~ "'.r ens 

be cru;ie excessive ly frequ ent ( e pidonic diseo.s os) . Ifo t only i s t h is 

the first s ci entific epideniolog i ct1.l theory ( Bnrkhuus , 1 J 4 5a , 1988), 

but it n lso 

u •• • cons ti tu t es the first exno.plo ••• of n ra tionnl c ttenpt • • • 
to put the phenonenn of t ho nacrocosn and the oicror- osn in 
dire ct co.usnl r e l a tions ." (Ca stiglioni, 1958, 164) . 
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In cities expose d to hot winds und sheltered fron northe rly winds , it 

wns notc:d, t !le inhnbi ta.nts hnve heo.ds full of phleeo (one of tho four 

hun ours), c.nd a r e poor oat or s Gnd drinker s with wonk diges tions; the 

wonon ,:c.r e unhcal t hy rmd sub j ect to excess ive fJux os. n\.,n suffe r 

fr on dysentry, di nrrhocG, Qguo , n.nd chronic f ever s in wi n t or . 

I n ci tic s exposed to n or t h wi ncl:J t he people c.r c bilious r f'. t hcr 

the .. n phlogontic , sinewy n.nd spn.r e, with h:::. rd heal thy ho,".ds , but 

h ~ve ~ t endency to interna l l nc c r Gtions . Wo• en be co~o ba rren 

t h rough t he wo. tor s b e: ing h.1.rd :::.nd cold and their nenstrual · 

di s ch".r ges nr c: s c rmty n.nd bn.d . r-1.".r shy drinking wn. t ur C'.::.uses 

phl egn2tic di scnsos, ::nd by contrr'..s t , wo. t 0r fror: snow : ·.us t produc e 

bilious onus (Jonos, 1962 ). 

Although 11.tc r s ligh tly r::.odifiod by Sy dcnhm1 (1 624-72 ) , Stoll 

( 1742- 87 ) .'.'..nd othe r s , t he t11( sis of Ai rs , 1ln. t'-rs :-tnd Plo.c0s r er::::inGd 

,'1 fund~,r~c.:mtel opidooi ologice .. l tex t until t he ,'.:!.dvcnt of b·0.c t cri ology 

i n t hu ninuteun t h centur y with ttc di s coveri es of HE-nl e: (1 809-85), 

Koch (1 843-1 910 ), o.nd Pn.stcur (1 822- 1895 ) . The h olistic 2pproo. ch 

t o t ho di sc.1.se- onvironnont rolntionshi p ooo t cd by t h'" "nthor of t h is 

work hns , howeve r, r 1.::-1:::tinod t he i deal of oedi co.l gc:, ogr c.phy ::rnl for 

pro.cti tioncr s i n t h i s f i e l d , t heir ul tioc t e u.i n . 

Medical Goog r nphy in t he Sixteenth 3.n d 
Sev enteenth Centurie s 

As explora tions a nd di s coveries ope ne d up n ew nr er~s for 

dcv olopnent and e xploi t ,::. tion, people in diff er ent pa rts of the world 

were brought into closer contc ct . This incronsed populntion nobility 

was , however, fruquently a ccoo pnniod by a sinila.r novenent of various 

types of disea s e s ~ To Murti- Iba ne z (1958, xi) 



11 tho history of hunnn co:::inun.icC'.. tion is nlso tho history of 
trnnsnissiblo discnses c!.Ild , often] of their rooodi es ••• 
Dunth gnllopod a t the heels of tho endless processions of 
pilgrins nnd nonnds, who sc.ndo.1-footod, slowly plodd.od 
across the burning dusorts of Asi n nnd Africa . " 

13. 

Contninod within tho c.rticlos, lGtt ors, nnd travel- books of the 

fift eenth, s ixteenth r.:nd sevent eenth centuri es is :->. woci.l th of nntorial 

on nodicn.l googr c.phy providing oxnnplos of tho disoa se- environnent 

r<.Jlr. tionship. Colunbus ' account of his trave ls throughout the 

' Now World. ' presents n r e cord of the oadicnl problo• s of r onoto 

.:irons . In tho French Histoiro g oncr c.l o dos voyngc-s, thur o is Q 

description of conditions in Bonb.1.y in 1690: 

11 Boforo tho r::iins stnrt, the air is oxtr or.:o ly dry o.nd hot . 
T/lhcn tho r nin ho.s f c:. ll on vnpid stro&r.s o.ris0 of so unhot:l thy 
a ch.:1 r ::c t cr thn t they c c.use Dor o disease them is present o.11 
tlrn r es t of the y ce.r . 11 (B.:·.rkhuus , 1945a, 1993) . 

In tho sixt,;onth c0n-x.ry, Pnr ::cclsus n tt :1 chod ouch inportnnco to 

tho influenc e of the isoogrnphic cnviroru:::cnt to disease :,0tiology. 

Ho stressed thnt o. physici::u1 necdod to 

" •.. be both o. g0ogr1~phe: r nnd 2. cosoogro.phGr if ho v1ishcd to 
undorstmd thv dyn-:-mic es :-rnnco of diseas e . 11 (Ifo.rti- Ib2rn::z, 
1 958) . 

Rnna.zzini , in tho sovent oonth century, dononstrntod the r ol rition

ship of disease to tho cmvironnent in his classic nodicnl gcogro.phic 

invos tig~. tion of rnl::irin 2.round Modena. (Mnrkovin, 1962) . He later 

prosentod the first systenntic treatise on occup~, tion nnd disoa s e 

and has beon credited 

"the founder Rnd grentost expone nt of c. now nodical 
discipline, the study of occupational disease . " 
( Cnst iglioni , 1958, 565 ). 



l'tedical Geography in the Eighteenth Century 

In tho eighteenth c entury tho first nttenpts wore nado to 

coll~to the frEtgoontnry nntori~l on the global distribution of 

14. 

disonscs. Ono of t ·w earliest, but r .:tthor unsuccess ful efforts , 

W<'-S by Hoffr:w.nn, i n a work which ho cl -iDvd Wc'..S be.sod on the 

principles oxpressod in Lirs, 1'!.1.tors cmd Places . Tho book is 

superficic. l nnd , nccording to Bnrkhuus ( 1945b, 1997), it is clear 

th.':>.t t he r.mthor WC'..S not ospeci2lly intL,restcd in o. critica l r C;vi ew of 

his sources . 

Friedorich Cnrtheuso r, n botc.nist-phnrnncologist, n'.:'.d~ n 

sinil~.r :1. ttonpt in n work which is gon or n.lly credi tod .1.s be ing tha 

first ::>.tteopt ,'.:.t ' geogr'."l.phic::.l 110uicino ' . A British contonpornry , 

J.QDCS Lind 1 rdntGd diso:-,.s e.c:; in v~:r ious p,'crts of th0 world ( especially 

tho tropic s ), which woru f r:.. tal to Europe2.ns , to thu googr c.phicc.l 

onvironncnt ( Bo.rkhuus , 1 94 5b ; Howe , 1 9702. ). 

A Gon :.1'.:'.11 clinicir'..n, Fink;.;, onuoo.vournd to coll oc t D.11 tho 

nodicn. l googrC1.phic r.12. t orinl ::-:.vc.i l n.blo in the l ::'. tta ei ghteenth 

c ontury. In tho introduction to Guographio (17 92 ) the author 

explained why ho chose to ti tlo his book 2 1 Hedi cal Geogrc.phy ' : 

11 
••• when ono brings togethor nll which is worth lmowing 

with regard to tho nodical status of any country, then no 
one can deny that such c. work deserves the naoe of a 
'Medical Geography' • 11 (Barl".huus, 1945b, 2000). 

Whereas Finke wa s intorestod in tho geographical distribution 

of disease in his nat0riul, ]'riedrich Schnurrer ondo an nttonpt to 

discover tho principles underlying such distributions . His 

published work (1813) wa s, however, ~evorely criticised during his 

life tine (Bnrkhuus, 1945b, 2006) . One reviewer wrote tha t 



11 
••• this is only n colle ction of nn t crin l nnd t hn t t ho 

conple t o l a ck of con p:-,r .'.l ti vo physiology mi.cl gcmcr o.l 
pa thology doos not pcm _:i t t ho nuthor to cc.11 hi s book 
,. "no s olo6y 1

•
11 (Ba r khuus , 194 5b, 2006) . 

Modi c[tl Go og r nphy in th o Ninc t oenth 
Century 

1 5. 

Tho f irs t o.ccndos of t hu n i not c:onth century lY,vo b0....-n l ~bu llod 

t ho ' period of D<Jdic2l t opog r o.phi C:3 ' ( Bnr khuus , 1945b, 20C7) . In 

om:cmc o thcsl; wvro r ce-ion:-,1 nonoern.phs clovotcd t o d i so:,s,.s of 

Th0 ul t i n,~. tc '1i!:.l of s u ch wor ks, ,c cord i ng to 

HonnoD , H,,s 

;r ••• t o ~'.S C\...' rt ·: i n every ci r cuns t ' ncc t hr. t 11:1s Qn inf l uc nc -..: 
upon hcnlth , t he n1tur", uxtunt, L,nd vc ri ,:.- ti os of t!io 
di sco.s os of t ho d i s tri c t which h0 undor t [,k t.;s t o <k'--'cr i bo 

n ( Bt, r khuus , 1945b , 2007) . 

Nc.di c:11 to pographi 0s ,.pp0 .'.red f o r L1':.ny pr'.rt3 of t h._, \10 r l 1L 

Bnr khuus ( 194 5b ) r e co r ds t kt t Huss 1vro t 0 on Swl;dun Si~10:-1in 0:1 Fr :-mco , 

Ri gle r on Tur lrny , Hurclli so;_1 cmd ;[0bb o;: thL. I ndi '1n sub- con.tirno nt, 

whil::: on tho Aceric::.s Drr:.ko pr odu ced 

" ••• by f rlr t ho fi nos t oxo.upl o of e:o.rly uedic2l t opoc-r.'.l.phi os . " 
( Bnr khuus , 194 5b, 201 3) . 

A considnr nblo nunbc r of wor ks on t he ' r10di c c'. l clL-.: _ to logy ' of 

Englitih tov-m.s nn d districts were 2..lso pu blis he d ci t thi 2 tieo (Gilbert, 

1958 ). 

Up to thi s stetge of nodica l g0og rnphy, f ew n ttm,pt f; h :-i_d b oon 

on.do to c'.iscovor tho bnsic principles unde rlying the gco-::r a phica l 

distributi on of dis ons e . The util i ty of such a n a ppro ~ch nt ~ 

loca lisod scale in ondG,'.lvouring to understa nd disoo.s e c .,us n tion and , 

hopefull~ bronk t he cnusc.tive chuin, wa s illustra. t od by Pott,who, 

in 1775, discover ed n r ol ntionship be tween soot nnd chinney-swoepor's 
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contrn.cting en.near of tho scrohu:t (1'linkdstcin c.nd Frnnch, 1972) . 

Subsoquont lugisl.'.1t ivo Acts (e . g . thu 1840 ii.ct of R ,rlini10nt) :end 

i nprovononts in chinney clonning :lnd the tr.:i.dos hyg i ono wi tncssud :J. 

decrease in t h( incidence of thi s typo of cnnc ur . 

I n 1853 Fuchs published r-~"'dicinischc Googr::i.phi 0 i 11 which h o 

o tntcd 

i; tho knowlodgu of thL l aws ~ccor<ling to which cliS0<'.8 GS ,'lru 
distributod and spre:[,d ov<.or tho g lobe i::; c.·1.ll od g1..,ogr·.,phic.1.l 
:-wdicinu • • • " (B,~. rldmus , 1945b , 2008) . 

Bc rkhuus (1 945b , 2010) r uvi owill{.; tho work bdicvcs th1,t 

"Fuchs r upr us cnts :'. typu of cpido;,iolog i cf'. l thinkin~ 
1-1hich w:,s v ary prc-vnlm1t in thu pro-k-ctGriologic p-~riod 
of the 1 _s t contury. Di su,sos wo r e c r.us od by th0 
onvironncnt, nnd r:os t of th'-- 0 tiologic :-:. l f ~,ctors o:::i1-n.ining 
tho occurronc o of disenso wur c to be found in tho sci e nc'--
of physical ge:o:;-r :i.phy. Fuchs ' own knowlud~c of s ci , __ 1tif ic 
c;oogr r1phy un.s r P. th"r i..iGdiocro , c.nd it 02.y bo s,~vn th;1..t hi s 
1-::nowl orlgo of nnturo.l h i s tory ,·rns (:v on poor c. r . Ho h 0 .,l :~.E 

n l;-:.ost incrc..di bly n". i v o b oliuf in thu powc.. r of c..nvironn1.,n t :., l 
f- cto r s . r; 

Hcuhry hold <'- bcli c..f t h:, t the.. pur e ly physic.J.l '--nvironi..,..:.nt could 

no longc r b0 considor ud .1.s th" onl_.r r~,.c t or .ccounting f or tho 

gcogrnphicnl distributi on of disu".s u. He, W".S c onvinc e,:. t h['. t by 

2.rr1.neing his on t crio. l ~0 0£T.'.1phicnlly th0 no.in f a.:-: turcs of tho 1 :->..ws 

g ov-:.: rning diserts G distr i bution would ,2pp c.1.r of thGir own c.ccoru . 

Be:forc this could even tu::: t c, howcv0r , Mu ohry f olt that 

clo.ssifica tion of disease wns ne c..dod . ( Howe, 1970n) 

scientific 

Boudin in 1857 pre sented the th eory of e. ' kingdoo of dis cnses ' 

sio.ilc.r to thnt of the nni nc. l nnd plant kingdons which h::.v e their 

hnbitnts governed chiefly by phy8icnl conditions (Howe, 1970n ) . He 

belioved , ther efore , thnt tho scope of nedicnl geography eobrncod 



11 
••• nctcoroloeY and physical gcogr nphy, stntisticnl 

popul n tion l , ws , c onpnr ;:tivo pn tho l ogy of J.iffor ont r.c -:;s , 
th e: <li s tributi on e.nrl !:1i g r :, tion of dis e::'.sc . " ( K,rkhuus, 
194 5b , 201 3) •. 

17. 

Bc crruso of t ho di scuss i on of nl n ost Lvory fie: l d within t he socin l nnd 

biolog i c[ll sci unccs, both B'1. rldmus (1 94 5b , 2013) ,".n u Ifovk (1 970n, 11) 

consiclor the~ t t his i.·m r k c ..-rn only p,'.'. ;• tly be l :.,bLllvd "- ! 1c,:', j_ cn. l ,~oog r ::.. phy . 

Ncdicc:.l Guor,r :111hy i n th ,.:: Lnh,r Nine: t <2(;nth 
.'.lnd _E::n) y T;rup_tie: tJ:1. Ce;nturios 

S tudi es in 12.__dicc. l l"'GOl!,rn.Jhy w0r0 pr ::c ticnlly n, c-l Lctc;d '.f t e r 

t h0 ' Ago of Bacteriology I w· .s ushor c-d in during t h,: b. tv r ::in . tc_.,mth 

c untury . Th(:, 5 cr rc t hoo r y, f c vrnk<l in t he: discov0ri(,S of Pnstuur , 

Koch , 2.nd Hcnl u , h:ncl Gd t o .~. bcli-:.:f in : ::::onof ':.C tori '.'. l p · tl10g(mus is 

of disc':.sc i n st:,ting th,, t (,C,ch dis c .. sc W'2S pr ovokcJ by .:p .... cif ic 

• i croba with ch~r~c t .__ ristic pn t ho logi cnl effects . Li tth.- or no 

i i,:yor t r.mc o w::s no.r nscri b,,d to t l1L stucly of the: cnvironr".__n t ':.S 

bi olog i cnl cxpl,.:.n;,tions could noi-1 bu u .lk for uisc.co "'- tio l ocy. 

It w':.s, howe;vc r , i n this 1_)(,ri od t hl:. t thv f irst ::.cknowl c lg,;d 

t ex tbook on ,1tcdic11l gcogT:;phy w,s publ i sh0d, '1nJ f r o;_; wllich , sonG 

bolicvo , ood.8rn nodic '.11 gco('.rr:.phy ori g in11. t ,,s ( i'1itch, .ll , 1965; 

Ar:.st r ong , 1 965c.). Augus t Hirsch pt,;,bl i shod -'.'.. two volur:. , ,·rork in 

1860 which W.'.1.S r e:publishod in thrcl.; volunes bo twocm 1881 - 6 . A 

s e cond edition wns trnns l o. t od into English ::i.s th1.;: Hnndbook of 

Googrnphicn l o.nd Historica l P~ thology. The ge og r nphic~l ~n d 

t cnpornl occurrence of co.ch disoo.se wns d i scuss e d ,':.nd there were a ttempts 

to relate these to f a ctors such ~s loca tion ; clino. t o , nltitude, 

soil cons titution , sc2son, e l e ctr ico.. l phonononn, nnd socin l 

conditions. Despite tho e nthusinsn with which this work wns 



rccoive:d nt tho tine of public·:tion , it wns disappointing 

11 
::-.:::. ,'. r.odi c.'.l l googr::i.phy in thl- sc-nso of o.n r'. ttcnpt c.. t 

olucidntin[; first principl es . " (B2.rkhuus , 1945b , 2014 ) . 

It h.::.s continuud, howovor, t o bo :-:.n inv,n.1u.- ~b l 0 sourco on the 

gooe:r nphi c.'.11 dis tri bu tio;1_ of dis0.'.l.se . 

18. 

Enrlior (1 853 ) iii r sch h".d written of nn i • port,nt co1~ idorn tion 

i n undortuking wxlic.::!. l r.;-ooer.1.phic studi es: 

nnodicn.l ·001:,r ::.phy r:u s t not bL-co110 t he: pl·:yground of lc.::::rnod 
curios ity or rou,ntic nr,tur::.l philosophy. 'fo r.mst li''.VL- the 
f ncts ••• 11 ( B-rkhuus, ·J945b, 2009 ). 

L useful suppl l-:.1e:nt to Hiroch ' G ' HM:lbook ' , but whicL offurs nor o 

dotc.i l od infor:-.1.'.l ti on about r'.. p,:,rt icul ,r r egion, w,s Lorih!'d ' s uork 

publi:Jhul bdwo n 1877 :-'..nd 1880 . In 1880 Lo:1bc.rd ".lso proclucod 

r:.n ,, tl:-;s of thl; g'-'o,3"r8.pllic·1l distributi on of disca.s(,s, wl·,ich 

r cpr csunts one of t ht.; ini ti ". l thrusts in :-.,odic.'.11 c2.rtogr'.phy . 

Poinc ·,ro ' s work of 1884 cont['. i DL.d li ttlc n ow r,,::toric.l but it 

did hulp to popul.'.'..r i so rn ... clic , l ccogr :,phy by its :-.ppc,., l to the 

pr.ctising physic i rm ( Bi'..rkhuus , 1945b) . Tho previous public.'.' ti ons 

of Hi r sch, Boudin, ':.nd Lonb1.r d gGnGrQ.lly ho.d contr,invd ::..uch rlc tn.il 

intondod to E:.ppc-:-.1 to r'.. wi d" rrngo of int0r os t s . Po inc '1'0, liOWt.;VOr , 

who considered a. knowl edgo of the googr nphi c'.ll distribution of 

disc.::nso of prioe i nportn.nce for the: prevontiv1.... .1,spocts of' hyg iene , 

discussed onch disease in n sepo,r nt G chnpt~r illustrating its 

distribution by a onp. 

D~vi dson,in 1894 r onlisod n pr obleo of nll ~cdicn l zoogrnphic 

s tudi os, thn t nccuro.cy in de t erni nj_ng thG o.ctun l pr evnlonc o of n 

disonse depends u pon r oli~ble stntisticnl dn t n (B~rkhuus , 1945b) . 

While Clenow in 1903 included n post- Pasteur s l a nt to t he discussions on 
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unsolved problems like the pe riodi city of cho l e r c. . 

In 1932 , et Gorman professo r, Zeiss , who liked t o think of himself 

ns the f a the r of medica l geogr o.phy , coined the t e r m geomed.~ (K,.,_y, 

1 9j2) . He de fine d t his ns the. t 

11 
••• branch of me dicino which a ttempts t o c l:, rify and 

oxpletin the results of modic::il r esearch by r:;co:;ro.phi c,'1. l 
o.nd c .:-1rtogr nphica l trc .J. tmcmt . 11 (May, 1 952 , 1 ) • 

Ze i ss be lieved there wns a clc-'lr di s tinction be t ;·,oen t his new fie ld 

of r esef-'.rch "..nd me dico. l geogr o.phy , which he define d ( o. l thou 1h r-10.y , 

1952 , disputes t his definiti on) o.s tlln t 

11 
••• branch of geography ·which ri.ttempt3 to ntudy 2nd c::pl a in 

t he eff ects of geogr nphico. l s ,1:·•.co, e2rth, ·£.nd its vi i;·; l f orms , 
on mo.n , .'.J.nim.::i.l, a nd pLm t . 11 (!'iay, I 952, 1 ) . 

Research in the fi e ld of geomedicine h ·ts since prospered csne ci n lly 

throu gh the c ont ributions of t lcc Geomedicn l Reser1.rch Unit of t ho 

Heidelbe r g itcnc1emy of 3cienccs i n 'Jest Ger mo.ny . 

The United St ates of Am~ric ,".. , despi te provi ding earl::/ oxc.mpl es 

of disen.se cartogr a phy (S tevenson, 196.5 ; Howe, 1971 a) war; not 

ospe cinl ly intorestod in tho fi e ld. of me dical geogr a phy u n ti l t he 1930 ' s . 

A survey, unde r the direction of McKinley , w,~,s ins t i tu ted : .t the'. t time 

in r e sponse to a need for mo re specific inform~tion nG to the 

distri bution of tropica l nnd some prev enti bl c di sens0s throughout the 

world . The subsequent publica tion is such tha t Bar !dmus ( 1945b , 

2016 ) dou bts whe t her it shoul d b o cnlle d n ' Geography of Diseo.se3 1
• 
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Medt.ci:,tl .Geoc r aphy Since 1 945 

In the years since World 11J':',r II there ha s been a considerable 

upsurge of intorcst i n medi cn.l go ogr nphy and di sease cc..rtoe;r aphy . 

I n the pr evious seventy yea.rs micro-org::mism3 wor e boliov,:,d to be 

totnlly r esponsi bl e for mnn 1 r, i ll - henl th . Bc.ct eriology hr.d boc ome 

the cent r e rmd g on l of mo dicnl invos tiention:., , or ~1. s Bern.,--_rde ( 1972 , 22) 

st nt e s 

"the g0 rm theor y of disons c h .d n,sc ended to c cmtro s t.1..::;o , 
r e l egntini: thr~ environme n t to th8 win,.,,-s . :, 

Subs equent morhcnl r LJ s earc h , houevor, r r>ve,:l ed t 111 t (hsG··.:::;e, in 

mos t inst~nces , does not r e pr0s e~t t~a r Gsponse of ~n i ndividu~l to ~ 

singl e stimulus ( .::i. microbe) but r .'=1. t he r r em.1.lts fro m ::i. multitud-::: of 

C3.uses , both exocc:nous .:1nd endogGnous in ch·-~r ':.ct er . Con:-:v1.u ently, 

b 2c t 2ri[,l r e sea rch wc. s 

" .•. not sufficient to oxpl .:.dn t ho disoo.se picture ahr '.ys 
a nd entire ly or t o illu-1in ,te :111 dis enso problems ••• 11 

(Ca stiglioni, 1938 , ~57) . 

The disc overy of .c:iic r o-orc::mi s mc , :md t he .::i.ccruing t he ory of specific 

c o.usa li ty did, howev e r, comple te t ho tri .'l.d of pos s i ble c r,_,_,;:;ntion by 

.'.J.dding t ho ngent to the ol cmonts of t he e nvironment and the hos t . 

In tho search for disea se .1.eti ol ogy a ttention turneLt f1.ga in to t he 

environment in nn a ttempt to r e l a t e diffor encos in disea s e distribution 

patterns to locnl onvironmontnl f a c to r s n.nd o.fford point,1rs to possible 

cnuso. l rela tionships . L.ckerknecht ( 1955, 172) r e inforces this r eturn 

to the environment, noting tha t 

"constitutiona l, geog r aphi cal, nnd social f a ctors, which 
for decades had been comple t e ly noglected be cause of n 
blind trust in b~cte riology, ho.d to be r econsidered . ;; 
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The granter complexities of modern life nnd increased t ension 

of living- conditions ( especia lly in cities ) nccompQnying developments 

in man ' s socio-cultural envi ronr:1ent, h2.ve mnnifosted thom::;o lvos in t he 

increasing number of per sons nffoctod by ment nl illnuss in cont emporary 

times . Two concept s , deprivc,tion and streoG , introcluc Gd i nto 

cedicine b0two~n 1930 nnd 195O , i mpliod t h~t illness could occur as n 

r esult of exposure to sudden or m'.lr kE.:d chnw;-es in t he environment 

which subjected n person to pros•ur0• i n excess of their ~bi li ty to 

tolor.'.lte them (Ber n~r de , 1972) . 

Two nddi tiona l f actors rli r ectecl i nt ar est b<:i.ck to the _,nvi:ronmont 

ns holding the possibl e key i n dise1.se c ... u.:;.J. ti on . First, tht.- two 

':lorld '.-!::.r s with their di sruption of the environrn(,mt .::.nd th•..; di1..:plnce

ment and decima tion of millions of p0rsons, both civilian ,0.nd milit<1.r y , 

hi "<hlightud th.:; disonse- environmcmt r eL .. tionship . The 1-.:-1vemcnt of 

r ecruits i nto o.rec.s where t}wy )11.d litt l e or no exposure rosul ted in 

casu 1;.li ti es fron diseo.so ,'. S vrel l c.s from bullets . 

The second f c1.ctor , tho i ncrensing sophis tic"- t i on of trnn• port 

t echnology s inco the 1950 1 s , hr.s contributed t o whet f!lnotT:lith (1969) 

calls ' A J et Age Medical Geoc r aphy 1 • The tro.nsport systems , espocio.lly 

nir trnnsport , hnve s hrunk the wo rld enabling gr ent er numbers of 

people to tr~ve l f aster, further, ~nd more of ten . 

ns Light (1944, 640) observes , 

They h.:J.ve nl s o , 

" ••• exerted tho gr eo.tes t influenc e on disease , es:pecinlly 
the group of the infectious disenses, t hose diseases tha t 
pnss from man to man, either directly or through some 
int er mediate host , To spread widely, they must be 
transported ••• by man nnd mnn- mnde transporta tion, th~t 
which moves man himself, his animals, his goods, his foods , 
.ill1!! an arr ay of deadly li t tle disease-carrying stowaways 
about the earth." 
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The tsetse fly in Liberia, ~ughe s and Hunter (1970) note , have 

been attracted and attached itself to , vehicles travelling a lone: roads 

improved for the economic development of an area . This has fr equently 

r esulted in the r eintroduction of tryanosomiasis into once cleared 

areas . Insects and rodents, such as ticks , flies and mico , can 

propagat e di seasG as quickly as they may be transported b:r aeroplunr , 

car or ship . Tho effects of mi gration on disGase hnve boon disc1-,s3ed 

by Prothero (196;) . 

Indicative of tho r ene\·1ed interest in med ica l gcoeraphy in this 

period has been the formation of a number of commi ss i ono and soci eties 

devoted to furthe ring research in some m:pcct of the field . The 

Intc:'.lrnational Society of Geogr a1Jhicnl Fatho logy (ISGP) ho.s -"ls i ts 

object tho study of any r elntion::i~1ip that may exist betwe~n diseases 

and the geogr aphica l environments in w~ich they occur (Doll,1 959) . 

ThG International Geographica l Uni on ( IGU) created a Cormn i 8sion of 

Medi cal Geogr aphy? i n 1949, which provides an inter nati onal forum 

for medica l geographers . Papers presGntod a t the sessions serve 

as an introduction to r esearch conductGd in the field by nomber nations . 

Nationa l medical geographic societies have been formG d in the 

U,S .S. R. (Markovin , 1962) , The Netherlands (1955 ) , Be l gium, '.Bul •-saria, 

West Germany , and most rec ontly in the U. S. A. The British Medical 

Geographic Committee , founded in 1959, has sponsored the publication 

of the National Atlas of Disease Mortality (Howe , 1963 , 1970a) . 

A similar atlas of morbidity has been contemplated. 8 The American 

Geographical Society established a Medical Research Unit in 1944, 
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which sponsored :May 's (1950- 55 ; 1958, 196ja and b) subsequent 

publications . This unit did , howev er, cease to function in 1961. 

A peripheral fi e ld, such a s medica l geography , must f o~rnula te 

theoretical principles and mothods of r esearch t o achieve a.cadomic 

r espectibility (IIcGl ashan , 19663.) . In the most r ec()nt decrides , 

medical ge og rapher ,, hav e a ttempte d a precise de tormination of the 

subject a nd tasks of their field . There nrc still , however , 

n ••• di vorgen t opinions on the rw. ture of the subj cc t ." 
(M.cGl ashan , 1972~) , 5) 

The g-.ceatest diffe r ence in intc,rpr etation of tho s co re anr1 purpose of 

mGdica l geography e xists bot ween t he: Sovie t (U . S . S . R. ) medical 

geographer s and t he ir Western count 1ci rpart :::; . I n thB a . S. S.R. the 

utility of this field i s linked t o t h3 development of t he ,So•,-iet 

economy . Emphasis i s upon t· ·oso f ·--..ctors whicl: 

" • .• e i ther a id in strenc;t'.-1.uninc t!1e heal th of the po~ul.J ti.on, 
prolong its l abour capacity , and increase the life sp.·:n of i,10.n, 

or which cause disturbances in man ' s heal th , a reduction i ':t 
wo rking capacity, or the rise of diseRses. :; (Byakov -~t_cl, 
1 %2, 250) . 

In the '•Test medical ge ography has become pri ncipally a r es-.::arch 

tool for investigating disease ae tiolog1j with t ho viGw t o r.3ducing 

t he level of ' diseasedness ' in huma n populations . 

notes that 

UcGlD..s~1.an ( 1 972b, 5 ) 

"free dom from centralitied direction of r esearch and hence 
individual choice of topic a nd scope hns r esu l ted in 
individual contributions ••• 11 
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:Medical Geography in the Contemporary Era 

In contemporary Western medical geography four genera l research 

foci a r e discernible: 

a) modica l f acility locationa l studies . Due to the increasing 

capital expenditure involved in the provision of hospitals nnd ancillary 

equipment o.nd services , health authorities are becoming aware of the 

potentialities of this type of study which ondeE:.vours to establish the 

optimal loca tion of such facil ities (Morrill, 1966, 1967; HcGL,r,h::m, 

1968 ; de Vise et al, 1969; Earickson , 1970; Pyl e , 1971; J ackman, 

1972; Armstrong, 1972b; Sh2nnon and Skinner, 1972; de Vise , 1973 ; 

Lankford, 1974). A classic in this field is tha t by Godlund ( 1961 ) which 

considered transport facilitie s and popub.tion forecasts in Sweden in 

relation to the capital expenditure proposed for up-grading f ~cilities 

in certa in hospi tal s to mnke them centres for r egion- wide medica l 

netNorks. Ho employed a meo.suro of equal trav0l time ( 1 i sochrones 1
) 

about possible centres to assess those best pJ...:ccd for fu t u.re deve lopment . 

b) t ho spa tia l definition of hea l th and ill-he~lth. Examples o.r c 

provided in r:rcGlashan ( ~ 972u) , and will be discussed further in Ch:1.pter 3. 

c) association-in-space studi es of disease and environmental 

f actors. Physical f actors considered in associat ion with disease include: 

(i) soil trace elements (Armstrong, 1 964b, 1965b; '~arren, 1972, 

1973, 1974a, 1974b); 

(ii) water r esources (Allen-Price, 1960; Schroede r and Drattleboro, 

1960; Armstrong, 1964a; Sauer et al, 1970a; and Ffrench, 1973); 

(iii) meteorologica l f actors (Lawrence, 1962; Sakamoto, 1965, 1968; 

Sakamoto and Katayama, 1966, 1967; Rose, G., 1966; Hopps et al , 1972; 

Tromp, 1973). 
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Disease relationship with socio-economic variables have also been 

considered in a l ar ge number of studies throughout the world (Fonaroff 

and Fonaroff, 1966; Ashley, 1968; Hinkl e. et al, 1963 ; Basu, 1969; 

Bradshaw and Schonlnnd, 1969; McGlnshan, 1969d, 1972e; Choubey, 1971; 

Griffiths , 1971; Dever , 1972a; Girt, 1972a; Syme:et a l , 1972a; Bain, 

1974; and McGl ashan and Gatenby, 1974 ) . While Hughes and Hunter 

(1970, 1972) , Burkitt (1973), end May (1972) have discussed the 

ramifications of economic uJ;vclopmont on disease patterns . 

d) diseas e diffus ion studies . The ul time>.te purpose of these 

studios, IfoGl c.shan (1973, 219) believes, 

" •• • is to advise public heal th nu thori ties r egarding 
appropriate control mGasures, even 1-1hen the mechanism 
causing the speod of spread 2. re not fully understood a t 
a medical l evel, .. Such work ..• is tho very body of mod orn 
quantitative ge ography with its omphasis upon flows ond 
networks ," 

Pyle ( 1969) has wri tton on the c'l iff usion of cholera throughout the 

U. S .A. in the nineteenth century , while Huntor and Young (1971) conducted 

similar r esearch into the spread of the 1957 influenza epidemic through-

out England and Wales . Brownlea (1967 , 1968, 1972n ) and McGlashan 

(1974b) working r espectively in the suburban environment of Wollongong 

(Australia) and Tasmania, noted the diffusion of infectious hepatitis 

through the two areas. 

Medical geography in the Wes t has not , generally, been accepted 

as an essential participant of interdisciplinary medical research 

into aspects of health and ill- health. A principal contributory 

factor has been the lack of awareness of the practical utility of 

this field . Medical geography is now, however, beginning to show 
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signs of emerging o.s n distinct speci.ali ty (.L\rmstrong, 19652.) . 

The Evolution of Medical Geocrt1.phy in · the tJ . s , s . R;-· 

Up to the e ii:;-hteenth century :'.ru.ssi,m modicnl c;eogr nphy folloued, 

essentially , the so.me p., t h c1s thn. t i n the 1Ieot . E.'.lrl y de scriptions 

of Russi.'.ln tr.'.lve l s frequent l y contain0d mc dic c. l geogr aphic i nform.:i.t ion 

conc erning locc. l disoo.ses , the sh,tus of mudicinn in c ount r ies vi s i t nd, 

rmd epi demics . 

The begi nning of the ei ghteenth century·, ho,-rnver , rna.rkod the 

initia l diverGence of Russinn medical ge ogro.phy nwny from th'.lt of t ho 

lfos t, This period witnessed t he genesis of geogr aphy ns n science in 

Russin , with the cnrl y e;eogrnphers est ,bli :::ihing 

"the f ounda tions for medicn,l - 0,101raphi c study . ;; 
(Mnrkovin, 1962, 6) . 

I1arkovin (1962, 9) concluded thc1. t by the 185O ' s Russinc1 medicn.l 

geography had 

" ••• becor:ie an independent br e.nch of medicine that was be ing 
investigated not only in prnc tic nl (medicnl-topogr nphic 
descriptions) but o.l so in t heor e tica l resear ch (work on the 
effect of geogr aphic factors on man ' s organi sm i n vari ous 
c l i matic zones ) ." 

The development of medical googrn:9hy was linked , ns in the 

contemporary Sovie t period, to t he socio- economic conditions and the 

socio-politica l philosophy prevailing ut the time . Medical ge ogr aphic 

studies were fu rther stimul a t ed by the occurrence of maj or war s in the 

formula tive years of t he nineteenth century . Markovin (1962, 8 ) r ecords 

nn increasing number of studies which he classifies as 'military medical 

geography '. 
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'rhe Late Nineteenth Century 

The last fifty years of tho nineteenth century hns been taken to 

be the most intens ive developmental stage in Russian medicnl geography . 

11 Nowhere did medical googr2phy assume the impressive scope, 
depth and rangG of subjects that it had achieved in Russia , 
where, moreover, it played a bold, reformist role. 11 

(Nc..rkovin, 1 962, 1 3) . 

It has been estimated th~t about 1,500 different medical geographic 

studies were undertaken in this time, many being submitted as 

r equirements for doctoral de~reos (Byakov et al, 1962) . 

Despite the diversity of subjects r esearched five basic trends 

were discerni blc (Ho.rkovin, 1 952) : 

a) medical geographic descriptions covering both Russian and 

foreign territories were the most popul ar . Produc ed principally by 

ships ' doctors they thus emphasised the contribution of medical 

practitioners to medical geogrnphy,; 

b) the geographic distribution of diseases and their relationships 

with places of occurrence ; 

c) the influence of the natura l environment on public henlth, 

the mortality and morbidity rate ; 

d) there was attention directed to the effect of socio- economic 

conditions of areas on the health and disease rate of the population.; 

e) treatment of the subjec t and aims of medical gcograpby.: 

Skvortsov (1875) defined this field as being 

" ••• conc erned vri th the study of various areas of the earth 
from the point of view of the influence of the sum-total of 
their inherent co·ndi tions on the health of their inhabitants." 
(Markovin, 1962, 13). 
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From this fervour of activity, medical geography in Russia had 

by the end of the nineteenth century 

" ••• accumul ated major theoretical and practica l nchievements . 11 

(Hnrkovin, 1962, 13) . 

Tho Advent of Soviet i':cdic.:.l .G:e: .ieri;t.P_hy_ 

One consequence of the ' Great October Socinlist Revolution ' in 

1917 wns the emer gence of a new dimension in the development of 

medical geoe-r aphy . EtJ.n was hereafter viewed G.S a l abour r esource and 

a decisive productive forc e . '.i:'o ensure that ou.ch individua l ,,m s 

capable of working at peak productive cnpccity nnd efficiency , public 

heo.l th became a constituent part of tho subsequent economic policies 

of the Soviet government . 

It wns in the milieu of Socialist order that medical geogrC1.phy 

wns to prosper, for as Shoshin (1964, 68) hn• s t a t ed 

11 the study of the geogrn1,hical aspects of public henl th 
is the principal task of medical geogrnphy . 11 

This theme hns been r einforced by Ign:-it ' yov (1967, 495) who believes 

the most i mportant contribution thQt a medi cal goo~ro.pher can mo.ke is 

" ••• taking an active part in the building of models of 
future complexes, containing the necessary indicators, 
ensuring the creation of most f avourable conditions for 
the life nnd work of the populntion , furthering the 
preservation and strengthening of public health, physical 
development and longevity . " 

The scientific basis of Soviet medical geography is 

"the materialistic doctrine of the unity of the external 
·environment and the human organism ••• 11 (Byakov et al , 
1962, 250) . 
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Tha t is, the r Gcognition of t he role of t he natural and socio-economic 

environmenta l f ac tors in the f orr:u:2 tion and developmen t of the or ganism~ 

This concept, of the r el o. tionch ip of tho environment nnd th::; -:J r gnnism, 

h.::'..d be en expounded by vnrious urit21·s dur ing tho l ate nineteenth 

century (ByG.kov e t a l, 1962 ).. 'fhi l e Pnvo lov' s theory of th8 role of 

the ext ernal environment in t he 

" ••• development of po.thologicn l processes in the organ i sr:1 
o.nd of t he meohnni sm of ae tiology of diseases confirms tho 
vnlidity of thi s t heore tical b~sis ••• " (Shoshin, 1963 , 2) . 

The Ene r g cd Spocio.li ty: Sov i et i'icdic -:i l 
Geography Sinc e ·1945 

A pe riod of intensive r.iodical ~(!o,.:r a -phic development h''.S occurred 

in t he Soviet Union s i nc e ·Iorld ~h r II, s i mil.2r to tlm t uzpe r i ,111.cc d in 

the Tfest . 'Tho di r ect dmnrmds of the nu. t ionn l economy and rubJ.ic 

health ha s principa lly promo ted t h is upsurge . 

In r ec ent yea rs Sovi et medica l ,:,;c o '.;rnphe r s , like t heir '.fos t ern 

counterpo.rts , ho.vo directed much a t tention t ow2.rd wor1-~in0 Du t the 

theor e ticQl probl ems of r:iedical geo;-;l'.'etphy . Despite some progress 

there s till exist s a diversity of views on tho c cope a nd obj0ct ives 

of t his r esearch fi e l d . From these vari ous interpreta tions I.31w.t ' yev 

and his associ a tes dis tinguis h thrc,o b£1.sic stc..nds (Gelyakova. Gt a l, 1 967): 

o. ) oc")dica l geography deals with the geographicnl dis tri bution 

of human diseases and t he conditions unde r which it a rise • ; 

b) nedica l geography deals with the effect of na tura l 

conditions on the hea lth of mnn; 
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c) t he object of medical geogr a phy is the geographical 

environment of human society a nd its infl uence on the health of man . 

Sovi e t medi ca l geography , ther e for o , differs f r om thQt in the 

Wes t. It not only s tudies t h2 zeography of disease and the onu ses of 

diseasG but is additiona lly concerned with 

"m!. tur.:11 f :,ctors th.'.1 t may ho..ve c_ bencfici 2. l effect on public 
heal th, prolong t he ·.rnrk c :spnbili ty of man nnd extend hi s 
life spo..n , " (Shoshin , 1 964 , 71) , 

Cont empornry Sovie t nedica l geogrn.phy exhibi ts six I!L.'7.in r osenrch 

trends which i n turn r cfl ect the underlying philosophy of l!lcdica l 

goo graphic s tudy formulnte d in the previJ.iling socio- poli ticn.1- e c onol:lic 

conditions (Dy[l.kov c,t nl 1 1 962; Shoshin, 1 964): 

a ) t he study of t he influence of individual c omponent s of the 

nnturnl and soc io-e c onomi c conditions on publi c health . This type of 

r esearch contributes to',,r:J.r d nn under~;to.ndinc of each f 'ctors I role in 

the disease ce..usGlity chain '1nd thGir effect upon the health of the 

popul ation of nn .'.l reo. . By.::.1cov ( 1 :~62 ) fo:r exnmpl o, hn:; studied the 

effect of cliraa te so l o.r r o.di :ction, soils, waters , pli.cnt and ani nal 

life on t he human organism i n mountain l and.scape :::; ; 

b) ':the investigation of vnrious ' units ' of l andscape r egi ons 

endeavouring to detec t conditions tho.t adverse ly a ffect public heal th. 

A medica l geographic surv ey of the Euro pean North by Ivnnov (1 962 ) 

showed tha t precautions hn.d to be taken agains t the defici ency of 

ultra-viole t r ndintion nnd vitamins , frostbite , tick- borne 

encephalitis nnd tula remia . He concluded (1962, 56) , i n n stntement 

illustra ting the significanc e of such medical geog raphic studies , that 



" an abs olut e ly essentia l c onditi on for the effective 
organi zati on of all preventive public-hea lth nensure s 
in the r egion ••• is f or public-health wo rkers, especia lly 
physici ,:ms, t o be f ru:iili.::r w:L th nll c.spects of the 
ndverse effect of l oc a l c onditi ons on the hea l th of n~n , 
the chnr o.ct eristics of r egiona l pr, tho l ogy nnd nr en.s of 
e ndomc disea ses, in short, 1·1ith the ::-t8di c.'1 l geo:;r ,;..phy 
of the r egion . " 
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c) t he s tudy of individu .'.1. l dise~sos with ,:. vi ew t o di .:i covering 

pn tte rns i n the for r.:..'1.tion of disease ·ir eo.s nnd no ,;oc m:1,1)lcxes . 1<,rom 

t his prophylactic ne o.sure s nay be f or nul~t cd, Chnl:lin ( 1 962) found 

tha t corto.in fa c t or s in t ho phys ic:,l cnvironHent c.ncl living h.". bi ts 

of e thnic groups produce diffe r enti a l incidence r n t c s of s o!J.C 

c a nc ers in tho Sovie t Uni on . Such infor r1c1. tion on tho geocr nphicn l 

distributi on of cance r s n::i.cl their r e l a tionships t o no. turnl nnd 

s ocio- e c on:-mic cond i tLms , he a dds ( 1 962, 68 ) 

"are of dofi n i te i n t ~r ost bccau;Jc: they indicote n hi gher 
incidence of sor:i.e cnnc t: r s in vr,ri )'clS count r ies or r 8ci ons 
of t he u.s .s .R. a nd beco.uso they b r o'l·'1en tho f iG l d of 
cnnc 0r prevent i on. " 

d) the e l abo r .::i. t ion of sedica.l ~eOt'5r o.phic f or ecas t s of thos e 

o.r o.J.s intended f or future deve l opnent (the t a i g::: , the o.r iJ. zone , 

e nd the hi ghe r mount a in .:i r eas ) nnd f or those whe re mm ' s oc ononic 

G.ctivity is r esulting i n nn int on s i ve trnnsfor 1:1nti on of n',turc (e . g . 

virgin lnnds , nrens of industrinl construction proj ects, ~nd ne w 

populati on centerfJ )_. The ni r.1 of f orec~sting, 

"is to predict all possible conseque nc e s of the deve lopment 
of production nnd the trnnsfornD. tion of the na tural environ
raent with r espect to public henlth. " (Ignnt ' ycv 1964, 75) . 
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Emphasis is , thus, on t hos e f actor s in t he environment hnving n 

direct or indirect effect on public hec.l th, and which nre ther efore, 

likely t o affect the s ocia l nnd ocononic conditions of t he inhD.bitnnts. 

On thi s basis, i t i s not only possible t o fo r ecast di sruptive effects, 

but nlso t o t ake pr aventive c1ction during the devel opment a l stages 

of n new o.r en . Khl ebovich nn~ Chudnovn (1 968 ) studied the 

conseq_uences f or in-r.,i gr ~mts t o t he oil industry in t he :Middl e Ob ' 

valley in Western Si beri o. , nnd r.1::J/c r ocorunend,'.'. ti ons intended t o 

ninioise the ndnptation pr obl eos of t he wor ker s ; 

e ) the nedicnl geographi c s tudy of fo r ei gn countries . This 

r e search a s sists i n pl nnni n;:; hec. l th r:id fo r f or ei c;n countries~ 

enab l es constructi on of r:te.'.lsur 2s t o protec t tha health of Sovie t 

cit izens nbrond ; nnd i nsu r es the snnit~tion of the Soviet f r ont ier 

(Shoshin, 1964 ) . A sur vey of t he !:ledi cal geogr aphy of Nor th Vi e tn:m, 

undertaken by Lysenko ~nd Losev (1 966 , 52) i ndicnt ed t hat 

"nosogeogr nphi c r esear ch of sane diseases h0..s proved t o be 
so fruitful thc. t it c oul d be applied in wo rking out a 
pr ogr 2.o of e lioinnt i ng those di soci.ses (f or cxnr:ipl e , nnl nri o. 
and tr::,.choon ). " 

f) t he pr oduc tion of s pecial ncdi cnl geogr aphic naps r ef l ecti ng 

t he influence of natura l nnd socio- econonic condi t i ons on public 

henlth, and fron which it mny be possibl e t o a scer tain t he f nctor s 

of pos itive nnd negative influence. Such riaps nr e r egnr ded in the 

Soviet Union, as the l ogical culmina tion of me dical geographic 

r esearch. 

Increasing at t ention is now being directed by Sovie t raedical 

geographers t o the concepts of 'na tural prerequisites of human disease' 
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(Ign::i. t ' yov, 1964 ; Gelyo.kov.1. e t nl, 1966), nnd the ' nntur.:11 infection 

f ocus of disease ' (Vo r onov, 1967 ) . 

Tho pr evniling socio- politica l phi l osophy , t he dennn(:s of the 

nn tionnl e c on or'ly , c.nr1. the t nsk o f preserving public heo. l th i n t he 

Soviet Union hav e dictnt od, t he 

"ne cessity of or g::mising ::i. consi stent nnd systeu:-i.tic ·.1udic :.i 
geogr o.phic study of t he tur ri tory .•• .'.lnd coBpos itlg nedi co
geogro.phic de3criptions on this b.'.ls i s . ;, (Byo.kov et ,!l, 1962 
252) . 

Throu gh such stinuli , Sovi et nedico. l geogr nphy ho.s bo Jll ::bl e t o 

n chieve closest p:-iri ty with the thesi s expressed in Airs, ', '.J.tarr; o.nd 

Pl a ces . The evo lution of nodicnl geogr o.phic fo r oco.sting, a nd the 

conc8pts of ' no.turnl proroquisi tiE: G of disenso ' nnd I no.tur --1. l infection 

f oci ' ho.vo ensured, in p::1.rt nt l e~s t, thnt nnn 

nwill not , on .:::rri vnl :::: t o. town vi tl1 which lle i s unf · ;·,ili:-;r, 
be ignor::mt of the dise.'."Lses , or of tho nc. turo of t :10rJo thn t 
counonly prevail. 11 (J ones, tro.ns . Airs, '.Tntors o.nd I'~, 
1962 , 73) . 

I1edi co. l geogro.phic r e::ieo.rch i n the U. S . S . R. i s being c onducted 

11 
••• o.s n genor o.l rule , r,_s po.rt of interdi:, ciplin:iry fiold 

work dealing with the physical envi.ronnent, popul '.'.t i on o.ncl 
the e conony . 11 (Sochnvn , 1968b, . 300) . 

Ignn t ' yev ( 1964 , 77) states tho.t this field creates 

11 
••• n bridge between n o. ture 3.Ild mo.n , nnd fror.. rann t o the 

popul ation ns a who l e and to production , pronotes tho 
development i n the ful l meaning of the wor d , of an 
integra ted geography ••• and stimul '.l t e s o.n e xpansion of 
r e search now being conducted by physica l Qnd economic 
geography ••• " 

In short, oedico.l eeogr aphy and medical geographers in the Soviet 

Union a re an integral part of the geographical sciences, the develop

ment of the ec onomy and henc e , t he furthe r adva ncement of that country . 
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Centuries in Theo:;7-.~ecades in Practice: 

Despite medical geography's long ancestry, and some important 

contributions in the interim, little advance was made in the field 

until the contemporary period. Ironically, it was the very approach 

proposed in Air~ Waters and Places that contained the practical 

development of the field. Prior to the l ast three decades, knowledge 

and technology were never sufficient to collect, process and evaluate 

data on the scale envisaged by the Hippocratic scholars. 

Investigations into the spacio-temporal distributions of health 

and ill-health depend upon availability and reliability of demographic 

and medical data. The lack of such data has been, in Armstrong ' s 

opinion (1965, 62) 

" ••• the most serious handicap of medico-geographical study." 

Consequently, Rodenwaldt and Jusatz9 and May (1950-1955) mapped only 

generalised information on a world-wide basis with their ;naps 

containing large areas of incomplete data. Some accord is required 

throughout the world in the standards of medical diagnosis and 

recording of information pertinent to medical geographic studies, 

especially as diseases present various stages in their development 

in an organism and many diseases have a number of features in common. 

To establish relationships or associations between disease 

patterns and the environment necessitates additional data being 

available on exogenous factors, 

"In many cases it is extremely difficult to find an 
explanation for the present day distribution of certain 
diseases because of the lack of relevant data." (Shoshin, 
1968, 17) . 
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Contributory infor mation is nlso r equired froo ot he r sciences, such 

ns bot any, chemi s try , 8eteorology, sociology and econoui cs . For 

exnmple , many nr eas of t he world s t i ll l nck soil survey infor rao.tion. 

In nr eo.s whe r e t he b.:i.sic dnt :::. was pr ocur nbl e and suf f ici ently 

r eliabl e , its i ncreasing vol uni.nous nature thren t ened t o j eopo.rdise 

t he riedica l geogr npher I s a t t er:1pt to conside r 2.11 possi bl e fa.c t ors in 

his ana lysi s . As McGl o.shc.n ( 1973, 206 ) has obs orvecl t he r es enr -::her 

" •.. ho.d no means of h'.l..."ldling the vo lume of info :rn.a tion -
a t rue emb[lrrets de richesse . 11 

Two contenporar y devo l opnents, qunntifi c.?.ti on ::i.nd compu t er isn.tion , 

have , however , provided n oeans fo r handling i nc r eased spntinl 

knowl edge and ovcrconing the o.no.l yti c inndeq_uncy . Previous 

t r ndi tional geogrnphic nethods were not equipped to undoi· t ake a 

comparative end quanti tn.tive an2.. l ys i s of heal th and ill-heal th 

di s tri bu t i ons . Techniques , such as ren:rcssion, correl.~'. tion , vari['.Ilce , 

2.nd co- v:J.ri o.nce, coupl ed wi 7.i1 s i nplr;:r f or iJ.S of str.tistical aids h-'.lve 

nffor ded nedi co.l geogr apher s with o. r:iethod of nulti- fc.ctoriA-lly 

npprais i ng r el .:ttionships bctwe cm the environr:cnt 2.nd popul nt i ons . 

The be.sic concept her e, 

"hinges upon the r ecogni tion of gr oups of fncto r s 
s i gni f icantly co- extens ive wi th a r ea l patterns of henlth 
or ill-health pnr ame t or s , " (McGl ashan, 1973, 207) . 

With the ability t o handl e diver se d~ta types , r esults of r esearch 

may be scientifically t es t e d in different ar ens, nt dif f er ent times 

by differ ent researchers . The consis t ency of nny r el a tionship 

between disease and the environment demnnds ca r eful cohsidero.tion nnd 
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close scrutiny bef or e on e ony decide t hQt the nost likely interpreta 

ti on of this nssocin ti on i s cnu sQtion ( Hill, 1965) . 

Thus on l y since the l n t e 1940 ' s hns c:cdicnl geogr aphy been 

"0qui ppod t o undertnko bro::-.dly bnsod studi os 
upon quantitn t ive .'.'.ssessnent of geogr nphi cnl 
t heir i cpnct upon hurnm popul ·\tion {;T')ups . n 

1973 , 206) . 

depcmdinz 
f '..:.ctors "..nd 
(r1c Gl r'.Sh"..n , 

It h.1.s now bec one feasible to o.tterrpt studi os on t he s c ope 

f orcrul c.. t e d by tho Hippocr.::t ic scho l ~r o . 

Footnotes 

1 • World Hen l th Orgnnisn. tion B2sic Docunen ts (16th ed . ) 1 965: 1 • 

2 . For exmLpl es of endogenous nnd exogenous co.uses of di sense 
r ef e r t o Henschen, 1966, 10- 20 ; Hny 1958, 1-:54 ; n~,y, 1974 . 

3 . For other defi nitions of geoi_;r::cphicnl p'1tho l ogy see S tciw::'.rt , 
1964; Rno , 1965 . 

4 . Rofor to Le Ric ho ;:md Milnor , 1 971 , 1- 3 fo r v3.rious 12.ofi n i t i on s 
of cpi deui o l ogy. 

5 . Bnrkhuus, 19-i5n , 1896 ; Cn.st i glioni, 1958 , 151, 16!r ; 
Hansche~ , 1966, 2 . 

6 . 

7. 

8 . 

9. 

Adnns , Fr ancis ( trnns . ) Thu Genuine Works of Hippocr~, 
2 vo l s ., Sydenhnn Soci e t y , London , Vo l. 1 (1 849) , 1_79- 222 . 
Cited i n Bnr khuus , 19430., 1987-1 988 ; Howo , 1970n, 7- ~ ; nnd 
Henschen , 1966 , 17-1 8 . See a lso Jones (trans . ) 1962 . 

This Commission wa s r e titled the ' Stnndinl:i Cormi ss i on On 
11edical Geogr .'.lphy' f ollowing the I . G.U. confe rence hold in 
Ne w De lhi , 1968 . 

Sec Stnmp1 1 ,D. ' Presidential Addr ess ' in Geogrnphica l J ournal. 
Vo 1 • 1 31 , I 96 5 , 31 3-31 7 • 

Rodenwaldt, E, and Jus8.tz , H. J . (1952-61) . World Atl c?;s of 
Epidemic Diseases, Hamburg. 
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CHAPTER THREE 

CARTOGRAPHI C ANALYSIS AS A RESEARCH TOOL 

I ? HEDICAJ, GEOGRAPHY 

As o. oenno of port r aying, r epresenti ng, storing ·.1.nd gan.J r .'.:'.l i sing 

i nfor CT2ti on, naps 

" ••• a re deo.r t o the hearts r:md ui nds of geographers ..• " 
(Harvey , 1969, 369 ) . 

While HD.rtshor ne (1939 , 249) believed if o. geogr npher' s probl em 

11 
••• cc.nno t be studied fundo.riontn l ly by m2ps - usu::tl ly by 

a co• po.ri son of severnl oo.ps - then it is ques tionable 
whe ther or not i t is within tho field of geoer a:rihy . " 

Al tho1.1gh mc.ps nre constructed princip.::,, l l y t o show f:,.cts , sprctial 

distri butions or t u121poro. l changes , with an nccnr ncy not ntto.i ned by 

description or stn tistics, their prirn:i i nport 'cnce is nn r 0senrch t oo l s . 

riaps nr o .::-, r;1enns of r ecor ding obs ervo.ti c. ns, ru1nlysis, corn.iunic2tion 

and rm.y net ns s tir:rul o. ·1t s fo r hypo t hes i s fomul nt i on. As such , 

cnr tography has a direct npplicntion t o medical geogr aphy , which 

s tudi es the spaci o- te~pornl di stri butions of health and ill-health 

and their causal r e l atedness t o t he environment. Pe t e r mann, writing 

in 1852 , clearly explains t he advnntages of a ri.ap for nedical purpos~s.: 

"The ob j ect , ther efore, in constructing Cholera Maps is t o 
obt ain a view of t he Geogr aphionl extent of t he ravages of 
this disease , and t o discover t he loca l conditions tha t 
might influence its progress and i t s degree of f atali ty. 

For such n purpose, Geogr nphica l de lineation is of t he 



utnost vo.lue, o.nd evon indisponso.b l e; for while the 
sy.1bo l s of tho un.ssos of st~1.tistic.1.l cbt:J. in figures , 
hm-rover cloo.rly they 12ir,;ht be a rr['.nged in Systcr,"ctic 
T,'.lblos, pri..;sont but 12 uniforn ,'.'.,PflOO.rance , the so.;::io dct.':. , 
eobodi ed i n c. Map , wil l c onvey ['.t onco , tho r e l -".tive 
boo.ring nnd proportion of th1... s i ngle cbt2. t oge ther with 
their position , extent , 1:md dist:mce , o.nd thus, n Ilnp 
will no.ke visible t o tho eyo the devo l opr:ient and nature 
of ,"..ny phenononon in r o0 o.rd to its geof;r n.phi cnl 
distri bution. " ( Gi l bert , 1958, 178) . 

:Much of the b'1sic work in nodic1.l eoor;rnphy , Copport1nni te 

(1 972, 13 ) states , 

11 lies in the prepar'ltion of n.'.'..ps illus tr['. ting [1.reQl 
distri butions of v,lrious dise[!.ses or ,roups of disen.:,<:n:: . " 

38. 

IIcGl n.shnn (1965, 1 966t'. , 1969c, 1972b, 1973) believes nappin_rs dh:eo.se 

d2to. i s the initia l tnsk of thr~ oedico.l geo:r'1pher , which ~.,cy in sooe 

instcmcos provide quite nov, infor• .1.ti on .'.lbout the sp1.ti8.l v'.rio.tion 

of ' disensedness ' . Fron the Soviet Union , Shoshin (1968 , 39) urites 

'' ••• in our opinion , nosogeocrnphicnl i nvestigo.tions ru8 t 
be cnrried out pri;nrily by i:1onno of C,1.rto ,'.srnphic o.n ~olys i s . " 

rledical nnpping h.'.'.s evo lved to '\)..::Co!Je ,'.'.,11 integre.l I'.'.Ct or in nodicnl 

_;oogr'l.phic studi es C'.nd there htJ.s boon :-m upsurge i n the field to 

"put i t on o. r:10.p" ( st.,v-.1p , 196~b, 96) . 

The G:mesis of Medica l Mnpping 

Disease c o.rtogr o.phy wns born on the eo.stern seaboar d of the 

United St o.tes nt the end of the e i ghteenth century, out of n debnt e 

between the contngionis t nnd nnticont ngioni st f actions on the nntur e 

of ye llow fever . It wns note d by Spencer (1969, 2) thnt , 



11 the r,mpping of diseo.se in 1\merico. gormin.'.1.ted i n tho virus 
of ye llow f eve r ::md blossomed in the choler:'. vihrio . " 

39_. 

Tho dispute 1,r,s but five ye ::'.rs ol d when in 179fl Vo.lentine Seo.na.n , c... 

surgeon t o the New York Hospi t o. l , published o. ~por on yolloc1 f e ver 

nortnlity and uorbidity which presented n 

11 new ne t hod of IJ..~rshC!. llinf; -'.:'.nd cxhibi ting the evidenc<:: . 11 

(Stevenson , 1965. 239 ) -

It 1·r2.s t:1.e uso of two sp0t • o.ps (Fig . 1) tho.t distinguished this wor k 

fr :x:i. th'.'.t of conte11por:1.rios on the s:,r.10 theue . 

A fellow ::inticonto.gi ·mist, i:: 2-scn.lis- Ouviere, l ·:ter includud n 

nnp in his Statement .m the Oc,::urrc:nces during· !1c. lignJ.nt Yallou iever 

in the City of New York (1819) in ,1.n effort t o ,:,st:-,blish t:-1'-' ca usative 

f'lctors of the dise , se (Stevenson, 1 96:5) . 

The spot , lr' p w:.'.s, rmd gencrc.lly continuc~d t o be thG '. .' C: ,'.:!.pon of 

the ,'.:!.nticont· ,gioni st f -~ction, n. l though t n1-n rd tho end of t:1is p8riod 

( 1850 ' s) the r e wo.s '1. tendency tmn.rcl its use by the oppo ci [; .-; doc tr inc 

(StGvenson , 1965) . The spot D.'.lp 11:cs used t .; shc,w c onc cntr · ti ons of 

cnses i n n r estricted nr on. , ch" .. r l'.ctoris od by 2. opccific set of 

envirormento.l f c.ctors , thus pr:,ving, it wns thou ,~ht , t h,:; l:Jctil Jrigin 

of yellow f eve r . The evidence provided by the mr.:.ps , hOWllvor, w1s 

merely nn ill ustro.tion of n t hesis c ontnined in the text . 

enable the render t o f orn 

They r1i ght 

"n rJo r e a ccura te pic ture of the sprend 'Jf the dis·eo.su but 
they to l d him n othing new . 11 (Stevenson, 1965 , 261) . 
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FIG. 1 One of the first spot maps used by Seaman ( 1798, Plate 1) to depict yellow fever 
in New York in 1796. The numbers 1 to 5 represent fatal cases; 0 represents 
a near-fatal case; 0 a mild case of the fever. 
From Stevenson, LG., 1965, 'Putting disease on the map; the early use of spot 
maps in the study of yellow fever'. J. Hist. Med. vol 20, 226-61. 
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Cholern Cnrtography 

While diseo.se onpping nay be regarded ns the child of yellow 

fever, it wo.s nutured through the nineteenth century by the cholera 

epideoics throughout the world, particularly t hose in Englo.nd. 

Gilbert ( 1958, 173) has asserted, fo.lsely h-)wever, that 

"the great outbreaks of chol e r:::. in the first hnlf of the 
nine teenth century sea.1 t o ho.ve be en the f o.ctor which 
first stimulated cc.rtogrc.phic work of this kind." 

The first st2.ge in 'chol e r .::. cnrtogr.:::.phy ' wo.s JllOeson 's :n:::.p in 1820 

of the disease in Northern Indi_ ·1 (J ::.rcho, 1970) . 

Within the ensui ..-1.g yenrs until the 1850 ''s , the m2.pping t,f cholera. wo.s 

actively undertaken . Twenty- two mc.ps, heter ogen::ms in scope :ind 

technique, we r e published in 1852 , 2 s the diseo.se sprend over 

Eure.si n, the British Isles o.nd North America. (Jnrcho , 1970) . 

Although those early cholera. nnps did not exhibi t n rigid 

developnentnl or der, they ccn be clc. ssified i nto f:mr gr ~ups, o.s nnps 

thc. t sl-iow (Jarcho, 1970): 

o.) plnces but no indico.tion cf disec.se ; 

b) places, dates, end lines of spreed; 

c) lines of spread overwritt en in ink; 

d) the nffected regions in solid colours • 

.After 1833, the home of disease cartography bccm:1e principally 

the cholero. ravished milieu of England . 

period the 

Robinson ho.s labelled this 

"golden age of the development of geographic cartography" 
(Gilbert, 1958, 173), 

as the mapping of disease gained momentum. It would seem, therefore, 



42. 

that disease cartography owe s its birth to the epidemic outbreaks 

that presented a great challenge to society for their control and 

eventual elimination. Endemic diseases, generally always active, 

were not able to stimulate cartography, and therefore , 

"plague, yellow fever, and choler a - all exotic -
accomplised what tuberculosis could not. 11 (Jarcho, 
1970, 138). 

1,7ill iam Harty ( 1820) produced the first disease map in the U. J( • 

which depicted ca ses of 'contagi ous fever' in Ireland and showed the 

month, but occasionally only the season, when t he epidemic commenced 

in the named towns (Ho,1e, 1971 a ). 

Baker produced a map in 1833 of the incidence of cholera in the 

city of Leeds during the 1832 epidemic which showed 

"how exceedingly the disease has prevailed in those parts 
of the to,m vrhere there is a deficiency, often an entire 
want of neTTcrage, drainage, and paving." (Gilbert, 1958, 
175). 

In 1849 Shapter drew an "hi sto:-ical" dot map of deaths from 

cholera in Exeter during 1932-31+ utilising the dot technique (Fig. 2.) • 

From this it vras shovm that a large pr oport ion of the cholera 

mortalities occurred in the lowlying south-eastern sector of the city. 

Thus, slowly, evidence accumulated about the geographical distribution 

of cholera incidence which would l ater be corroborated by the 

investigations of Snow in 1855. 

A German geographer resident in England, Petermann, has been 

credited by Howe (1971a) as making significant experiments in various 

techniques of thematic mapping . In 1852 he published a cholera map 
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Shapter's map (1849) of the deaths from cholera in Exeter in 1832-34. 
From Gilbert, E.W., 1958, 'Pioneer maps of health and disease in England'. 
Geogr. J. vol. 124, 176. 
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of the British Isles showing the districts o.tto.cked in 1831 , 1832 , 

o.nd 1833 (Fig . 3) . Fron this he not e:d thn t the first o.r on3 wher e 

disease struck were s ituo.tod o. l on /3" the c o,~st line with su1x:;equont 

pene trnti on into the inlund p~rts of t he country . 

further observed tho. t the o.ffec tc1d cho l e r r. :-,,r ons were prud0n i n:::.ntly 

on~lowor gr ound or in vo.lleys . Ibvinr; pr .)duced ,,,_ nap wit l1 

di fferentia l shndin[~ of populn tion donsi ty , Pcter n:::mn c onp ·.red thi s 

with hi s disease m.'1p , which shmre cl th,".. t the no r e dense l y populo. tecl 

distric t s we r e proporti onat e l y tl12 nos t sove :::-e ly :1tt r'.cked ;Jy c ·•io l ern . 

He thus concluded 

" •.• wi th ,'l c cnsidor1.b l o degr r::0 of certni nty tho.. t t ho',;e 
districts we r e :: tt,-:cc lrncl , n :.:,t so r:mch i n c onsequenc e c, f 
t heir l ow si tun ti on, o.s fr ,x1 the groc~ t ru::1ount of populo. t i on 
they c ontnin . " ( Gilbert, 1958 , 179) . 

Petorn.'.:.nn h.'.l.d h i chlightod tho popu l o.tion- n t - ri sk hypothoois th.:,. t t he 

c r c.'.l. tor tho popul .'.J. tion- c'. t -rist the hi gher t hi.; i ncidence c,f di ::,onse , 

which hCcs be c one nn int eGT c:. l :ix:rt of ue dicnl /seor;-r('.phic ~, tdi ,3..; . 

It w::i.s J ohn Snow ( 1855) who·, thrnugh t hG use of " r:.:'. p c.s '.l 

t oo l of analysis o.nd n o t me r el y ~s nn illustrntion of tho text 

(Leo.r nonth , 1969) wn s nbl o t o 

"strip the v eil of oystery ••• fron the disease which hnd 
bewildered gov e rnments nrid defeat ed d octors f or a 
generation." (Longno.te, 1966, 204). 

On u map employing the dot technique, t o ~inpoint chol e r n Bortnliti e s 

(bnsed on direct observQti on of t he deaths) from the 1854 chol e r a 

epidemic in the London district of Soho , Snow clearly denonstrn ted 

(Fig. 4) 
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Petermann's cholera map (1852) of the British Isles showing areas affected in 
1831-3. From Gilbert, 1958, 177. 
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FIG. 4 Snow's dot map (1855) of cholera mortalities in 

the Broad Street area of London in September, 1854. From 

Gilbert, 1958, 174. 
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" ••• ther e had been no particula r outbreak or increas e of 
chol er a. , i n this part of London, except among the pe r sons 
who we r e in t he ha.bit of dr inking t he wat er of t he a.bove
mentioned pump-well [th0 Broad Stre e t pump] ••• The dea t hs 
either very nruc h di minished , or coa.s ed a ltogether, nt every 
point wher e it becomes decidedly nenr er t o send ·to another 
pump than t o ·t he one iJ': Br oad St reet . 11 (Longnnt o, 1966 , 205) . 

The ramifica tion of t hi s fi nding w8.s , in Gilbert ' s (1 958, 175) opinion,tha t 

" •.• on September 8, at Snow' s ur gent r equest, the handl e of 
the Broo.d Street pump wns r emoved nnd t he incidence of nevr 
cases i n t he ar eo. cea sed a l mo s t a t once . " 

The evidence, ho1-reve r , doc s not su-pport this viou1 and Snow hi mself i s 

r e por ted t o h£.'..vo s t ated : 

11 Thc) r e i s no doubt t h£.'.. t t he morto.l i ty ,ms much dimini shed 
• • • by the f light of t ho popul a t i on , which c or.u:ienccd s •, on 
a f t er t he outbr eo.k ; but t ho !lttnck::::; h '~d s o fo,r di mi nif:hed 
bef ore t he use of the wa t er was stopped, th1't it i s 
i mpos s i bl e to decide who tl101.· t he He ll r,ti l l contn.i nec t ho 
chol er a po i son i n an a c tive s t nt e , or whe t her, f r om sorao 
cause , the wa t er hnd become fr ee from i t . " (:Iil l , 1955, 
1 0 1 0) • 

Hill (1 955, 1010) t herefor e concluded t hat Snow 

"never occupied t ho f limsy pedesta l upon which some ,;rou l d 
pla ce him. 11 

Through hi s map, howeve r, Snow (1 855 ) ha d graphically i llustrat ed 

an associa tion of cho l er a deat hs wi t h n pa.rt i cu l ~r wnt e r s ourc e and 

t hus r e inforced his earli er pos tula t ed (1 849 ) the ory of t >c wa t er-

borne na ture of t hi s diseas e . By i dentifying the pump r,c: t ho 

proximn.te cause of t he d i sease nnd t he subsequent r eques t f or t he 

removal of t he handle , Snow closed down the possible sourc e of 

further infection. He had interrupted t he disease cnus o. tive 
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chnin although unaware of t he existence of the choler'.l pc:'.thogen 

Vi brio Choler ae which was not discover ed untj l 1883 by Koch , 

Ac l and, in 1856, produced maps of the 1832 , 1849, ·md 1 154 chol e r a 

outbreaks in Oxford. Invcstig~ting the r .Jl:1tion of cholc:r·t 

mort::ili ty to ::i.l ti tudo I Ac l.:rnd cone luded 

"th;1.t morto.li ty on our l o11er l evel W.'18 proportion:'..tcly 
three times as groat as th·>t of our u pper l e-vol." 
(Gilbert , 19?8 , 182) . 

The contour corre l n tion may be expl ai ned by dr a i nnge , as , .t t hu 

l ower l evels the opportunities f or contnllD.n.'.1.tion were, sever a l times 

1<sren. tor thnn n t the higher elev· tions . 

Attempb :::.t Globc.l Di sease f.J.1.puing 

While I loclll I disease nnppinG wu;.; prosporinP, i n i!;ngl cmcl, .:i.tte11pts 

wer e bei ng m:1do on the Continent to dividt; the e:;crth into ' nocozoncs ' . 

The first ntl "..3 of diseacos i s zoner nlly :1cceptccl ;11; bci n · in tho 

f irst udition of Ber ghaus ' Physika lischer Hn.nd~1t l :::.s produced i n 

1848 . It contcined, according to J usntz (1969 , 20) , a 

"plani globe to give a survey on the geographica l sprco.d of 
the most importnnt disea ses t o which man is exposed ~11 over 
the worl d . " 

The first German-lnnguaee textbooks of medical gcoffraphy containing 

mnps of the world zones,in which p.:irticulo.r groups or diseases 

pr edomina ted, were t hose by Fuchs i n 1853 and Nuehry in 1 '156 (Juso. tz , 

1969) . Muehry went a stage further thin Fuchs in mn.rkinG i sothermal 

lines and isoche ims on his mnp, r e l ating the sp.:iti nl map of diseases 

to clilIIEltic zones, and designating border ar eas of diseases, e , g , the 

northern border of mo.lnria , nnd the southern border of typhoi d fever . 
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The Late Nineteenth and Early Twentieth Centuri es 

The deve lopment of disease c,rtogr.:tphy, follouing the r·1pid 

advancements made in the previous chol orn Or 'l, lost momentun i n tho 

later year s of the nineteenth century . The princip,l dec11l er, tor y 

factors were the rise of b,ict riology, o.nd improvements in ·,ublic 

snni to.tion. 'fork in medic'll i:\.'tpJ)inf', however, did continue . 

In Engl1.nd maps of tlw distri~ution of 1-ienr t dico.'.'isc, C"..nc-~r 

(femnlos only) , :md phthisis (fo:n:-iles only) between 1(351 :md 1r60 

Hore protluccd by m}vil1md in 1892 . 

Hc.vil:md wrote, w,s 

The object of the invcstic1.tion, 

''to point out to the m"dic:-.1 rroL,.,:::;io11, not only uhcr .• 
cer·L,in disco.sos do thrive, 'uut wh.:ro t!lcy do not ; Hit:1 
the.. further object of lenclin~ oth •rs to inquire uhy tl!.is 
is the cnsc i n their own loc ~.li ti.._.s . " ( Lenrnon th, 1 97,""d) . 

He h-:d t'ms st1.ted :m i::i.port·~nt li~sic pro•1i:;r.: of :iedic"..l ,;~0gr ·,nhic 

studies, thP.t medicc.l (SCJO['r"..nhy c~,nnot cl '"'in proof of :.. r lati onship, 

but instend 'tttcmpts to provide fruitful avenues for furtlwr 

i ntensive r oAc.'.:.rch into disenso r1etiolocy by other speci:-iJj st 

disciplines . 

Beyond the confines of Europe, i'ledical cartogru:phy was continuing 

to make progress . Disease mapping in Ea.st Africa dR.tes h,ck to 

James Christie 1 s Cholera Epidemics in Bast Africa ~ublisl1~d in 1876. 

This work, Langlands (1969, 9) believes 

•·may have provided tho ossE.nti::l found:::. tion for r:wdic· .1 
work in En.st Africa on probl(; s of epi du;:iioloeY nnd the 
r.doption of ncdicnl onppi ne :,.s n r espectable pr ocudur~ 
••• It r ~prvsents ~n o~r ly extensi on of tho princi pl es of 
opi<looi ol ogy .:md g0ogr nphic uodicine ••• " 
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I n tho Uni t od Stnt cs t he pc.r'.l: of cho l or l'. ec.pping w"o ro.1.chcd in 

1875 with the public :c ti on of "11ooc1wo r th I s To:Jc" e.nd i ts - ccoi:p"nying 

fift een 1pr or;r oss ' ;end olcvcm spo t :.,~.ps (Sponcor , 1969 ) . Thi s 1061 

p;c~c, volur:o ckscribi nts tho 1873 cholc:r". opi dor'. i c w·:cs t he con:::: c, qmmce 

of ," ConercsG i on:i.l r esolution (:,pri l 8 , 1874 ) which rcqui r-:.c ·l 

11 ••• one nedicc.l off i cer of the /l r:--;y . • • [ t o J collect, so 
f :-,r ''-G possible , 2.11 f :cts of i :1port :.nee wi th r o[_;::rJ to 
such opi do~ic nnd ••• Gc.kc ~ ~ct~il~d repor t of the 
i nfor: ,-_ ti on colluct ,~ d ••• " (Spence r , 1969 , 2 ) . 

Bo.ck in Bri tai :::i during the 1880 1 s t he Bri tiGh Tfodical Association 

s ponsor ed an investigati o1.1 i nto the incidence throughout t ~1e country 

of se l ected di seases with reports b0ing subsequently pub7.i shed 

(Howe , 1963 , 1970a , 1971a) . At t ho b r n of tho centur y the 

publication Survev Gaze tteer of the Briti sh Is l es contained co l our ed 

maps, based on the 1901 censi..1.s. detai l ing for Sn{"l and an,} _ra_JeG 

(Howe , 1963 , 1970a , 1971 a): 

a ) average t otal deat h r ate per 10 00 populntion ; 

b) average deat h rnt e of chi l dren under one year of aR"e • -~ . 
c) avarage deat h r a t e f r om phthi s is per million ; 

d) average dea t h r n. t a from ' zymo tic diseases '. 

Howe (1970a , 14) has sta t ed t hn. t 

"no differ entia tion of t he sexe s is a t toupted and the 
employment of crude death r a tes inevitably l oads t o 
erroneous conclusions. 11 

During the 1930 1 s me t hods for overcoming t he inher ent 

limitations of using crude rates for a study of t ho spati a l 

distributions of diseases within a country were established . 
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Generally, a crudG death r a te will bo affec t ed by the age and sex 

constitution of the populntion concerned . Stocks produced n number 

of disease maps employing struldar dised mortality ntios (S.L.R' s) 

(Howe , 1 971 a ) . Uhl l e Hill (1st od . 1937) detailed both t >, direct 

and indir0ct methods of us i ng .'.l ::;tnnda rd popuL,tion base L:1 t loc.: 

c n lculo.ti on of death r ates f or spatial c=i.nd/or tempo r al an ·,Jysi ,', . 

Ma l ar ia i n India b ecame , during the for mula tive y ea.r s of t lw 

twentieth contury, tho focns for n number of studie s u tili s in.c; tha 

advantages of diseo.so cartography (Le t'.. r month , 1 C)lj7 ; Stamp, 19C-:4a , 

1 964b) . Ea ch work extonde d t he:. knowle cl ::;e about tl1e c oogr :_--,::.hico. l 

distri1Jution of this disea se and its ve ctor, and t :ms con·~rih, t od toward 

the int errupti on of tho diseo.se C,.l.usative chain . Bentl e~ in 1916 , 

for exampl e , used an i f,ople th map c f mn l ::iri t, ( oa ~1 e d on s :pl-2 m o·_;_ r.r ::ys) 

to shoF the prov t.,lence of mnlari ,'"' i n westa r n .3,,m w:. l , nort ~'l ·J f r: ... ~lcut (; o. , 

T,11te re many s t agnant riv() r c h .. '1 rn,.o l s ano cut-of f ] ,-:,.lrn r.J ,1i t h n:ir-;h:,r 

borders nfforded t he idGc'.l conditions for m::i..L Lri,'l- c '1rryi n ·-- :.:10 ,,cn1. i toes 

(St.J.mp, l 964n) . Thi s map wn s correla tod with 1:. chloropl ci th mnp of 

populr. tion increci.se or docrenso (by census districts f or ; 901 to 

1911) whic h illust rnt od (Fig. 5n o.nd b) 

"n contrast in popul~"tion growth or dncline be tween 1'.;:_:st 
and West Bengal in which differentia l conditions of mal aria 
pky n domi nan t part . 11 (Lenrmonth, 1957, 51 ) • 

Loo.rmonth (1957) considers this work to be one of the gr cr:t r egional 

r eports on mala ria . 

Christophers and Sinton,in 1926, pre po.red the c lnss ic Map of malnrin 

i n I nda- Pakistan (Learmonth, 1957 ) , while Covell mapped tho ma in zones 
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Bentley's maps (1916) of (A) malaria distribution and (B) population change in 
Bengal in which is shown the differential effects of malaria on the population. 
From Learmonth, A.T.A., 1957, 'Malaria in India and Pakistan'. Trans. Inst. 
Brit. Geogrs. 51, 52. 
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of influence of the seven mnin species of vector mosquitoes for 

t r nnsmi tting the disease through th1.; nro" • 

Disease C.:irtogrnphy in the Contem:Rorur;v- "'rn 

54. 

The docndes following '-Jorld ·.··1r II ui tncssed 2-n intcnuific...: tion 

of ·1ctivity in r.1eriicnl c·trtoe-rnphy, ~imil.:ir to , ['.nd for tll0 so.oc 

rcnsons,. ns the: t oxperiunced in r.iodic -,1 n;oogro.phy '.Son_;rnll~r . Lo,1.rmonth 

( 1972b) h1.s recently r 1..vicwod '1.ttompts 1.t disea3e- o..th:., cor.ipiJ.ation 

by ;;cogro.phors since 19:50. 

Those utudies in medical geo ~aphy which h.·wu employed c:-.rto

grnphy :1s ~!n '.ll11.lytic,l r cse .. , rch tool i,ill now be considered under 

thrc ... • he:i.dings: worlri :'.tlnseG, workn from developed countri.cs , nd 

thos~ from under- devolopcd nrons . 

-Jorld :~tlases 

In Germ:r:y the monument.:i.l thrc,: volume l!e. l t - Seuchen- AtL:is ('lorlcl 

Atlas of Epidemic Diseases) ,ns published between 1951 1.nd 1961 , under 

the direction of Rodemmldt and Jusatz (Lc::i.rmonth, 1969; lfowo, 1 963 , 

1970n , 1971r.) . The objective of the editor c , Jusatz (1969, 21) 

states , was 

" ••• to show on one map the correlations of n single [epidemic] 
disease with one or several geofnctors . " 

Howe (1970a, 15) records that 

"this ntlns amply demonstrates the possibilities of the 
graphic r ecording of epi demic diseases on mnps . 11 

The 120 plates contained in this work (many include several maps) 

are to Lenrmonth (1969, 35) 
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"basically s i mple i n t echnique but full of detailed a nd 
painstaking schol a rship." 

Each pla te i s accompanied by a n exposition in German Qll d En;c:; lish. 

A numbe r of clima t e and popula tion di s tri bution mnps , on the same 

sc a l e , i1ere ndd ed t o t he ntla s , while f urthe r correlct tions wor e 

a fforde d by t he subsoquent publishing , in 1966, of lleltkarte~,. zur 

Klim-'.lk:unde (World Mnps of Clirantology ) in the snme format (Ju::snt z , 

1969) . 

A furthe r ntterapt t o illus trate the worl d distribu tion of ma jor 

diseases wa s Ifay ' s Atlas of Disec,ses pu blis he d be tweGn 1 9'.50- 55 in 

conjunction with t ho Ge ogrr.iph i cal Revi ew. Al t hough comp~~.r.:i.b l :; to 

the l a rge r Ge r man work in s chola r ship <'md cr-,.rt o,o:r o:n.hy, Lcarrnonth 

(1 972b , 136 ) not e s t ha t 

:, •. , nay ' s work is de s ignedl y lighter , who lly 0,pproprii:te 
to its circula tion wi th the- Revi ew t o o. ver y wide geo
g ra phic:il public t h r oughout the world and t o e very 
libra r y of repute . " 

Tho s eventeen p l ntes of mo.ps in t hi s seri es fo l low ct fhixi'o l e m.-,pping 

s cherie , o.nd employ simpl e cnr t ogr:7-:phi c t ec hni que s . Corre l a tions nre 

by direct and visu ,:-;l moans r :::.tbor t han by sophis tico. t ocl n,,<1 s t-:-, ti s tica l 

proce dures (Lear month, 1969 ). The polio~l1ye liti s di stribn l; ion map of 

plate 1 , confirme d the unde r s t etndinc- of the mec hnni sm of :,CfJ_uired 

immunity agains t this virus infection. It wa s shown that e pidemics 

a re unusua l where t he virus i s r ampant and frequent where the v i rus 

is rare . Plate 9, concerned wi th ' Diets and Defici ency ', confirms 

a belief held by a number of people tha t malnutrition is not common 

among the very primitive s ocial groups . 
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While each plnte i s self-explanatory, containine noteu on the 

di sec.so's epidemiology, sources of information nnd giving full 

bibliogr a phics , it is !fay ' s subsequent volumes (1958 , 1961a, 1961b, 

1965, 1966, 1967n, 1968, 1970, 1971) thnt provide t he essenti a l 

comment ary . 

At the va rious scaltJs of co.rtographic nnal ysis, wh2 t hc:· g loba l , 

contin0nta l, na tion:i l , or loc ·1l, damo.nds a r e frequent l y m·t1.~e upon tho 

dettn bo.ae for which doto.il i s not 1:'.hrny s :wnil abl e . 

(1969 , 37C ) :ia s succinct ly r emar ked 

liS ffn.rvey 

11 n m::p c .:u1 be no b0tter thn11 tho dcLt"- t lnt is u::;ad n.s 
input to it •.• " 

Due to the frequent inGufficiency, t~1e doubtful re li2bili ty, anrl 

non-hor:1ogcmous nn ture of portions of t ho da t:c base, bo t h of th .,;:_:o 

world s c o. l e .'J.tlnscs contr.tin 2roo.s of i ncompl ete informc,t i o~ . j)unh·1m 

n.nd Bnj_J.a r (1968), and Vcr h'.lsselt (1974) ,,.,ere confronted ui'~h sjmilar 

difficulties in !IlD.pping nt tho g r oss scale . 

inovitnoly ::tr o little moro tl'nn gcmer;,l indic :-.tors of t he distr•_:_buti ons 

of di senses throughout tho 1-rnrld.. 

aoino :point e r to n rela tionship of dis0.J.se: t o environment wh.i ... /" r.1c1> not 

be r eadily nppnr ent n t a more r0strictivo s cn l 8 . Addi tion:·~11y, such 

maps hi ,~hlight those a r 00.s whe re the datn fnl l s short of -;;',) lovGls of 

accuracy and detail required for Q c ompr ehonsive survey of the glcba l 

dis t ributions of disease . 
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Deve lo~ed Countries 

Smnlle r nr ens ( o.t t :10 r otionn. J. or nntiono. l l ev(,1 ) genc.n ._ ,,lly 

provide do.ta ul,ich i s of g r ,J .:1 t or r e lia bi.li ty and o.cc:.lT~'CY thnn tho.t 

a vailable for Gl obal mapping . 'r hu r r,fore , such .::t r eas lend t hums ,31 v e s 

to intons i vo c 1.rtogrn.phic nnc,lysi s , nnd t hus 2.r o li l:ely t o yie ld more 

significant ovidonco o.s t o p'.)ssi b l o r ol 2tions hip::; between f .'.'cc t ors of 

tho environment Mrl ho:.:i. l th or ill-h8nl th . 

Tho Uni t ocl Kingdom offers 

0 the be st lci.borntory for those inter e::.; t od i n t he bio
sto. tis ticn l n ppror,ch t o mcdic :i. l ~e o _;ro.phy . " (l-brr <1y , 
1967 , 303) . 

The coun try cont :, ins '.1 popul.1tio!1 nu •"J be r, i',nd conse<7_uen t l y enough 

clen t hs a nd 1 di seas0d 1 co.sos t o eive s ome siGnifi c a ,ce t o tho 

ana lysi s of tho s p::icio- tempo-ra l v nr i t1 tions of morta.li t y ,,_ncl r,10 r bidi ty . 

Addi t i onnlly , :Mu !·,·ay ( 1967, 303 ) no t os t h-2 t 

"tha population mobility i s c ontn.ine d enough s o t hn t 
r e l n tions hips bet wu ·,n dis0aso n.nd environment m,"..y bo 
o.. s se s sod t o Go11Je degr _•(°J , 11 

Tbe existence of .'.'I. Nntionn l Heo. l t h Se r v i ce enable s tl.1e op" r 1. tive 

medica l and stati s tical fnciliti e s to penetrate throughout s ocie ty 

with some equality . The r ecording of morta lity nnd morbi cli ty de.fa 

i s of a n nccurncy and rclia bili ty :1tt ci.ined by few countrie s in tho 

world . Finally, the subdivisj_on of the country i nto o..dr,i.inistrntive 

units , facilitates the plotting of this data on a base ma p of 

c ons iderable detail. 
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Primarily, two geogrnphers hLvo been responsible for t he 

c2.rtogrnphic portrnynl of the Unitod l{ingd.om' s mort:ili t y ;_·_.,d oorbidity 

s t atistics . M:u rrc.y (1 %2 ) illuGtr[, t ed , for t ':le period 19f!E;- S7 , the 

;:i r 0nl mortality rate va ri ::- tions for total dea ths [1,nd fo r n. 0 11.mbcr of 

catGgorieG of c auses of clo.J.th f or Engl ::.md £:.nd 1:lc. l es . Tho n,, :p of 

dee.tbs from nll c.:iusos for both sexes is almost divided into th0 

two-fold divisic.n of Hi ghb,nd Brita i n n nd Lowl oncl Brito.in. 'rwo types 

of a r <Jn , the olde r industrio. l a r u2.s ( 
,., n' 
,..,. • 5 t the towns of Lo.:acnshiro , a nd the 

I!l i n ing VL1leys of South -To.la s) , c..nJ the r emote poore:: r rurn.1 areas 

(espe cia l1y tho P ::nnines, t he Luke Oi stric t , and. north and ,,e s t ;n.1es ) 

have deo. t h r l'. t :J s uell above t ho rn.:. tion2.l :.iv e r <lg·e. The mnp of dt,, ·. ths 

from bronchi t is (Fi g . 6) l e::wes no doubt t11,~ t this i s fl disunse of 

tho t ovmc n.nd cities . '.~er~ incidence i • low it increases with 

decreasing distance from the city , ,'1s seon, for oxarn.ple , wi th ilristol , 

Ipswich, Southnmpton, n.nd 0s1)ecinlly Hull. Whore inc i denc o i s '.1i gh , 

,1s i n S outh T:!c.lG s nnd Lr,.,nc rt shi:r·c , it is higher in t he to1-ms . 

L,':. t er, nu rro.y ( 1 967, 301 ) , throueh the u se of tho chlo topleth 

tedrniquo (as in th0 oo.rlior work) , enclunvoured to 

" ••• illustrate the n pcttio.l pattern of nppu r ont mo:rta.li t:r 
vn rintions in the conterminous Uni tGd Sto.tos and i n 
Engl nnd ruid Wo.l o s through tho nodium of maps . 11 

No u ttempt wn s metdo n t dotnil ed inte rpreb.tion of t he pn tt .Jrns 

portrayed as the author de emed it pre f orable th.:lt tho render 

formulate his ovm interpretation. 

A well-documente d wo rk on co.near rnortnli ty i n 1.fal es for the 

period 1947-53 wa s presented by Howe in 1960. Concluding this s tudy, 
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FIG. 6 Map of S.M.R.'s for males from bronchitis in England and Wales, 1948-57. 
From Murray, A., 1962, Ann. Assoc. Am. Geogrs., vol 52, 136. 
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ho trro te of the ut ility of o.pplyi.ng gcoz,r r.i.phic::tl techniqu0s to medica l 

problem<i: 

nthc accur ate r ec or ding of fncts on a map undoubtedly 
fncilitc.tes the work of cor:relc .. tion, o.nd it beconos 
po::;sible to furthor tho st,cti~;ticD.l 1.1no.lysis by D. 

demonstration of spD .. cc-roL'.iti onshi:ps . In this r 0Jspoct 
tho geogrnphcr ' s sense of r egiona l v.-1 rio..tion c:-i.n often 
r,ssist in clc.rifyine t ho proble:;i f or t:i1O doctor . " 
(Howe , 1960, 212) . 

I n 1963 the first edition of the :t'.tionnl AtlnG of Dis<.:;::sc 
') 

Mortality in tho Uni tcd J~i n.rrdou wo.s publisht.;d 1:1i th .:Iowu ns ccli tor . ,.__ 

Pr opare:d under tho c..egis of tho Roy::i.l Geogrn}lhic:-,1 Society, the fl t c.ted 

object of the ·.tl a s ims 

" to shO'T t!1rough th0 medium of rr.1.ps t~.o sp·'.t:i-~.l pr;.ttc1·,1H 
of vn.rio.tions in disen.se mort::tl.i. t ~r in t·,:J U,1i tod rin ·,- ·v)1

,, ••• 

d2.tn, embodied in ,'l r.11.p, provid0 o.:i. in::i i. .nt visurcl 
impression which rel.'.l.tes t i1E; fi~rcs im,:!~Jli <tel:, to t'· .;ir 
appropriate gco3'r'.lphic:i.l position. ' (Ho··re, '963, 1) . 

Tho introduction t o this ,rork is cautious, to.'<:ing full nccount of the 

inhuront clifficul t · cs of cli::io.::i;:;o !!lf:)pinr: r.nd __,_c1-:110,.l odging ~O11.rcus of 

possible 0rror in the st:-.tistics . 

vo.rintions exist in tho loc-:1 ·J.g0- sox structur~s of t'10 popul ··tion in 

the di fforor.t p:irts of the country, c.1.ll th0 m:-i.ps , wit". th(.,. :,,._cc11tion of 

the infant mortality r ate , .'.-.re b.2sod on n stwcl::n1ised wo:..•t.~.li ty r :1tio 

(S ,M. R. ) (which r cl ntos the o.ctual dca.ths in an nr w to 2.~-c- gr::nip, sex, 

popub.t ion , and the United Kingdo!'l uv,Hngc doat'1 r '1.tu for tho.t tlisco.se) . 

I n addition to tota l mortality, fourteen classifica t ions of 

death (based on the Interna tional Statis tica l Cl assificntion of 

Diseases) a r e cartographically portray ed in 320 ndministrutive units , 
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sepa r n tely for the sexes, for the. pe riod 1954- 58 . The r'!n ps a re 

of the chloropleth type with the syrnbo ls for the S .11.R. en. tegories 

diffcrentio..ting those D.dministr a tive uni t s 1-1hose mo r tali ty r o.ti o i s 

eithe r nbovc or below t ho nnti on:11 .we r.::,r;;e (Fi g . 7) . Er.ch set of 

maps is preceded by a brief t c:r.:t which explnins the mor e sn.licmt 

f eatur es of the area l mo r tu.li ty vari:itions . 

In 1970 o.n enl arged rmd revifJed 8di tion of t his work \10. S published , 

bo.sod on mor tali t y d/7. t Q for the peri od 1959- 63 , To t ho~o ong~gc d on 

the projec t thi s :1fforded the opportunity tc extend the bo.sic principles 

of t he enrlicr wo r k by including 

" ••• raoro up-to- dnto J;J.orta li ty d(~tn, to under t2.lrn st:-,_t istic :::i. l 
t esting of tho computed sto.nJ:~rdised rao r ·t:-LJ.i t y r ::i.tio ··; .•. -ud. 
to su gc-es t some r eason s for t)io distributions shown li-'! t ho 
mnps . 0 ( Howe , 19700. , 95) . 

This l1.1t tcr cdi tion or:rpl oyod :-'. d0L1ogrnphic b::tso onp fo r i::-:.0 

pros ont~ti on of nreul dnt ~ . Tho 1963 ntlns utilised ,{OO.~,'"'.''.lrhical 

baso Ll::'.ps which not onl y w:..vo 

11 
••• undue prominence to :1ort.~_1i ty d ~t :;a of oxtensi ve , 

spar se ly nnd unevenly ropul.· tod n.re.:1s of the Uni ted 
Kingdom but provided insuffic i ent ,•re ighting in t ho 
c ::rno of limi tod and l ocnlised nr o:::s of dens·e populo. tion 
as soci o.. ted with towns nnd cities . " ( Howe, 1 971 "- , 1 5) . 

Sutherlo.nd ( 1962 ) ha d oxperionceu this deficiency of the -:;e ogr::,.phico.l 

base map in his work on visuo.lly r epr esen t ing Sco tt i sh s t.1.t i stics . 

Demographic bGse maps (Fig. 8) nre produced so thnt 

"the a rea of each administrative unit is made proportiona l 
to its popula tion whilst contiguity of geogra phic a l 
positions of the units ·a re Il1.'lintgincd ns f a r as is 
possible . " (Forster, 1972, 59) . 
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Male S.M.R.'s from bronchitis, 1954-8, portrayed on a geographical base map. 
From Howe, G.M., 1963, 1970a, National Atlas of Disease Mortality in the 
United Kingdom, 59. 
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Male S.M.R.'s from bronchitis, 1959- 63, portrayed on a demographic base map. 
From Howe, G.M., 1970a, 132. 
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Such nr.pa , thoroforo, r c l a t o disor.so r a tios to both loc .::-.1 populntion

n.t-risk c.nJ t o eeoc-ro.phicnl position (Hun tor nnd Young, 1968 ). 

Subsoquont r osonr ch by Howo ( 1968n , 1968b , 1970b, 1970cl, 19700, 

1971b, 1972b) h.1.s focusod u pon cor t nin probleo a reas r evea l ed through 

thes e two atl ases . 

In t ho Sovie t Uni on nodico.l c r.r togrn.phy, r ceo..r dod r:s ::,n intcgr t,l 

pn.rt of !·wdi ci:!.l ,:;r.J0/3'r :,phic s tuclius, h,:s bocm ux t cnsivcly c}ov olop€:d 

by tho fo: .. d icc.l Gcoero.phy BGction of t he Ins titut e of Googr.1.phy of 

Sibcri ['.. r'..nd tho F\.-:. r E-:s t of t hu Sib0r i ;:.n Dqi.1.rt:1ont of the Lc".c:ouy 

of Scfonc uG U. S . S , R. n t Irkutsk. This r oscnrch unit pro cluc'--d the 

::.10dic,-... l cc.ogr nphic LKlps f or th1;.; l,tlr'.. s of Trnnsbnykc,li., (Vorob 1y ov 

o t :::1 , 1 969) . 

11 TlH . .:Su IJ.'1 pa r \., fl a ct thl, G,.;di c "1-caogr:J. phi c ch,:i. r r,ct .J r of 
tho n n. tur ~~ l tcrri t ori -'.l l co,,pl cxos v;hich :u·o ox trvr.iOly 
co• pl cx i n co~pos i t i on 2nd possess n poculi .1.r structuru of 
h .: rri tory, tho Chi tr'. r ne;i on ·md Bury-" t ASSR, uhich incluclos 
four physi c-:1- [~ l;oe;r r.:.phiu r og i ons . " (Ignri. t'ycv , 196t\ 498 ). 

Lu .rnonth ( 1972b , 145) in r ~viowing th'-' cont ents of bis .:,.tl::·.s hc..s 

,rri ttcn : 

"It i s diff icult t o think of the applic ".. t i on of o. 
s i nilo. r cnount of high quo..li ty cnrtogr ::phic ."..nd printi ng 
skill t o o.. r cgi ono..l ::'. tl.-:s ol s..:.whcr0, or of t he nllotrwnt 
of s uch 2.Il i opor to..n t c onponont to n8dico- gcof,'r .'.'..phic .'.'. l n.'lps . " 

Bo.sod u pon t hoir cxp0ri onc0s in co ,1piline t ~·10 ue,~ic ,, l (sC-Ogrnphic 

s e ction of thi::3 2.. t1 ~.s, Vorob'ycv C:J t d (1969) produced r .. n i nport[~n-t 

no thodologicr'.l work enti tlod Principles ~nd :Me t hods of llfedicnl 

Geographic Mapping. 



Underd6,-a loped Countries 

Uncle r dovolo pod cour.trics, r (: t hor :1e2inst cxpe ct.~tion 

Loo.r:·10nth ( 1972b, 151) notos, 

11 hc.vc provided otuclivs which shoiv hov a +l ns- br'.socl studi os 
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co.n bo cn.1lytic c~1 rmd hypotlwsis- L .ndi ng, without ••• outrunning 
the- con t on t pr opor to nn n. tl1:s or t ho co:1pd cnco of c,n n tln.s
n::,J.:o:.: or '.'. tl.:13---·\-:-.ki ng t c.'.'.r: . " 

Lc'.'.r nonth h:,s o~t cns i v c l y r osoo.r chod t ho ,-:odicc.l gc.o~r o.phy of 

t ho Indinn sub- continent (1952 , 19~7, 1958 ). Ho ovolvud ~, chloro-

pl ,. t:h i:.1dhocl c c· plo ttinG on thu sc.::,::, ;"}7.p hoc-,lth c.nd diso.'.'.so clc.tc. 

conc c-r n i11& bo th in t,.ms i ty c.'.:,.cl vnr i o.bili t : · of incidence ( 1 954 ). 

Clos cm0sc of sh".d i ng i ncr 0.1.scd for h.Lghe,r incid1..mc e;• while diruction 

of s h:,.di ng vrns o.l ttJr od for thrc -. gr n.dcs of v c.ri ::>.bili t-,1 - vortico.l for 

l-:.i eh v.'.'. rti:n.biJ. i ty? oblic-uc for ! .. ucliw t, 2.nd hor izontc.l for l ow 

vnri1.bil i t y . The sc.,L ,".uthor us ed the.: i sopLth t echnique t o show 

urb:m i nfc.nt nort.:;.l i ty nte,:: fo:.. I rnlir'. ~ i 965 ). 

.::inP})i ng (1961 , 10 ) illustr:.t"d 

Mor e d.ctnilocl 

11 thc. t thcr0 2:. rl., cl i ff "rinG p:'.tturns of cl is c.'.'.S0- "..3SOCi '.'..t ion 
i n diff e r e:n t type;s of hu~.1~m sc tt l , ;:ient .-:-.nd in diffurine 
envj_r onnonts within Gv nn , po.rt of tho sub- continent . 11 

Dcspi t c probl ---..1s of cl.J.tG. r Gli -.bili ty o.nd sufficiGncy , various ,':.rons 

of l~f ricc. hnve bc cono tho n ilicu f or sane 8xcoll en t cr:.rtographic-

bns od investiga tions in nodicnl euoernphy. 

The naps in tho r ugionc.l 1:;co- nedi cc. l nonoirs on Libya c.nd 

on Ethiopi o. (Lear nonth, 1972b) s0rve 

" ••• n ot only a s nn illus tre tion of the interde pendence of 
the occurronco of di s ease s ~nd the chnr nctor of tho r egion 
••• but Rlso a s a prognosis of the clev clopnent of tlile 
occurrence or the absence of certa in diseases for the 
r egion." (Jusntz, 1969, 22). 
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Brown ( 1 955) us ed pro porti on2.l circle s to de• ons trr1 k the 

s p:, ti [',, l distribution of v c.rious ~1i.sonscs ( o . e; . c c r ebrospi nnl 

:,cninc i t i s , s l eeping s icknoss, rol:2.ps ing 9 nnd l epr osy) i n liigLcrin. 

during tho l n t c 1 940 ' s :<.i1d oo..r l y 1 950 1 s . ~'ThilG i n s o• o ins t ,.J1cos 

t hose r ,1.ps s h ow r'.. u.-:. r kc<l r cgi cn'.'.l l oc,".lisntion of ccrt <:t i n di sc-n.s cs, 

f r Jquontly c c..s ..., nur:1bo r s hn.v c n ot bean 1r E1. t cd I t o tho popul::-, tion-et-

risk i n n pc.rticuln. r ;:irc'.l. . Consoq_u cntly , poss i b l e ::.1oc.ni ngful 

spo.tic:J. di s tributi ons n.·,y h:2vc been ur,sked with the inci\L nco of 

;;pocif ic di nen.sus porhr,ps b,___ i ng no ,,o r o th'.:'.n .'.l u c r c I shc:.dow I of tlw 

populati on di s t r i bution . 

In Ugr~ndc, oedic:,J. L,c..n , s t nt i ;J tic i c:.n :::; , rmd c;c-ogr np:1.ers coJ.l.'.".borate d 

in pr oclucinr, t he Ugo.nu.2 A tl :-:s of Disco.so Di s t ri bu ti on . Edi t od by 

Ht'..ll ·, nd Lo.ng l .'l.nds ( 1 96ll ) t hir; ,-ror k t r c :c t s sc-lcctod di SW'.S<.:S or 

t opi cs cov orinG g r oups of di scasos i n or rl._,-r r-.ccordi118' to tho 

I ntc.:rnn ti on.'.".. l Cl .'.lar3 ific".t i on ( 196 5 rovis i on) . Al thouch r estricted 

by i uporf0ct un. t -". , t ho ,'l. tlc.s uocs contai n ri.s ;,rnch i nf or ::, t i on c.s iW.S 

2.vc.iln.b l e o.bout t ho distr ibuti on of 0:.tch d. i sv.'.lso (or groups of 

d i suc.s os) in Ugmid[1. . Who r ovc r poss i b l e t hvso di strib1,tions l12vo been 

so t ne-nins t t he r ol cvn.n t cmvj_r onncntnl nfal ve ctor f·,c t ors . Tho fifty 

naps nr o o.ccon pnnic d by shor t nnnlytica l com.~cnto.ri os wri t t c-n by nn 

nuthori ty in the field , :md n bibliog raphy . 

A va riety of c nrtogrnphic t e chnique s wor e enployod tc portray tho 

bnsic infornntion. The spo.ti~l di s tribution of yellow fev e r ca s e s 

wns plotted using tho dot t e chnique , while o. chlorople t :i nap h,:Lgh

lighted tho diffor entinl incidence rates (per 100,000 popula tion 
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cgcd 0 - 15 y o rs) of Burkitt' s tuuour . Flow line:s give the 

dirocti.on:11 spr c.:1d of trypnnos onins :is c.'.nd h i &hli{sht tho diffusion of 

the disoo.s .... f r o·:: s ourc0 .'.'.r oc.s n.lone; t h.:. northeastern shore of L:-1.k o 

Victori::. ·md in the. nor thw,:s t suc tor of th,. count ry . Bc.1· .,- r ~:;-ihs 

illuo trnt1..; nnd G:.ph'.:.s i ::;._ n ot only th;.,- ~pat ial di s t ribu t i on but :~lso, 

ill sonv ins t n.ncos, t cnpor-11 cr.,:.ni:;c s i n tho incid0ncc of poli0:1y 0li tis , 

co[-.:1011 h cl· 1in the in childr .... n, piclr:ono.r y t u b,, rcu l osis :m:l u0ningococc['.l 

1-i..;ning i tio . 

pnrticip·.tion of ,, l n r c'-' nu. b<..r of i nuividu ".. l con t ribnt ors t o t he 

pr o j ect. Nona t hul .... ss , tl .... ".tlns i s 

11 of considcr·:bl 0 v,".lu'- in cl...; ,on:::tr:,tin1:, the i opor t,::ncc of 
hur'.'.'.ll ,li s0".s o r,s r. f-,ctor of the .... :ivironn;_;nt :.:: ,'1 lr,tt.._r 
<'-ppr o".ch to r cr~ionnl f'--O,,,.raphy ,nd t o th .. bio,;uo,1r:'.ph...,r . " 
(L~n~l".nls , 1969, 13) . 

on nn ,:tl·,:::; of <.lisc·'.su :liotribttt ion. I t "iso i n c lu,2."ct ~.n." l yti c:cl 

wor k intc f·:.ctors whi ch ;::,ny i :1fl ucnc1., L'.isv,s;1, with [I.DY :1u1 r_ssoc-

i "..ti ons o:1'.rgin[:; f r o·1 th" ;_;coGr"lphi, '.l cor,;·r_r isonn b,.dw . ._r· off .. n•d ns 

tuntctivu hy 11ot h1.,ses for sub::;oqut-nt t, s t i ng i n o t h" r Jisci plincs . 

:.ftc r t h i s s11rvcy , inchvi d.u.".l t opi cs h·,vc b c<.:n furt~1.~ r 1..;Xa.uincd, 

s ono with s i gnificant rm:ri.ficntionc . I<'or s,sVL; r ::l y .;::-,rc it lrd b oon 

r ocor,nisod tlm t ocs ophne, nl c -~nc1..;r h,".d n r c:,~rk:1bl c gcor;r .:'phicnl 

distribution in Afric;i. Reports by AfuJad ( 1 966) and h cGl ,'.oh.:in 

( 1967c) coph:"sisod tho diffor onc,, of incidone;o in q_u " li t::tivo t e::r r.1S . 

Using c c.rtog r nphic and sinplc st'.ltis tico l corrc l n tion, I:cGl nshnn 

(1969d, 1972 e ) found n significnnt or der of spntinl corrnl n tion bc twuen 
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tho Gvogrc.phico.l pn ttGrn of this disu;s c in Ccntrc.l Africn 2.nd the 

drinking of sug!'.r-b:ts od .'."!lcoholic spirit , 'r h rough this I'1cGlc,sho.n 

hns been cruditod with hnving 

11 
••• solved the probl0n ')f diffur enti :J.l incidlmce of cnncc r 

of tho ocsophc.gus i n E,••.s t Lfricn . 11 (Lo.:irnonth, ·j 970, 13) . 

Ros v:.,,.rch, howuv c:"':' , is continuine throughout Afric.'.l into tho ct:usnl 

r ol o. h .dno ss of ocsophc.g-.,c.l cc.nc 0r t o thv c-nvir onoont (Br.;.dshnw and 

Schonlc.nd, 1969; Ahnod nnd Cook , 1969; Cook, 1971 ; 1'1cGlashan 

nnd Ho.ring-ton , 1973) . The 'T'rnnskoi r egi on of South Afric::, , with 

tho s0coud highest i nci denc e of ooso phngor: l c;_,nc0r in tho world, 

hns ba cono n spe ci fic r on of concentrn tion fo r such studi os (Rose , 

1 967 , 1 968, 1 973; Herington , nu McGl~~shr:n , 1 973; 1.'lc.rwick .:--. nd 

H<,ring t on, 1973 ; Rose nnd fkGl·,sh~n, 1974 ; H2.ri ngton nnd 

McGla shnn ot nl, 1974) . 

Tho cxcaption'1lly hi c h incidonco of b lindness in the Luc.puln 

province of Zanbi r, ht'.s s tirml :, t od r. nUDbcr of ocdicul ccogr c.phic 

studi os ouploying c c:.rtogr l'.phic o.nGlysis ( Awdry ct a l , 1967; 

Anderson, 1971) . Mc Gl nshc.n (1966b , 1972c ) nnpped out tho distri-

bution of tho disons ~ nnd investiga t ed (1969n ) tho nssocinti on of 

blindness to c.ecslGs nnd nnlnutrition . 

In 1959 ,Burkitt, n surgeon in Ugnndn , notod n l a rge nunbor of 

e n.sos of children with nnlignant tunours of the jaw. He then 

toured ea.st ern nnd central Afri ca, plotting the i ncidence of the 

discnse . The rese arch shoued that the tuuour c.id no t oc cur nbove 

n height of 5,000 feet near the equator i n Eas t Africn , and Burkitt 
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(1962b ) suggested that this critical altitude lowered as l ati tude 

increased . He also suggested that altitude was important because it 

reflected air t emper ature conditions and t hat the minimum temperatures 

of the coldest seasons were of special significance . By comparing 

maps of the di sease's incidence with other geographical distributions, 

it was shovm that the lymphoma distribution wa s closely similar to 

that of mosquitoes and tsetse-flies . From this, an association was 

inferrea between the lympr.oma and an anthropod-borne virus. 

il-IcGlashan (1965, 38) has concluded of this ,mr k that 

"amongst medical-geogr aphica l studies in Africa those of 
Burkitt should perhaps take price of pl ace," 

Haddow (1963) postulated a ' temper a ture gradient' whereby tho 

tumour was absent above a critica l hei ght, which was pl aced at 

5,000 fee t on t he equator, but fell steadily northnard and southward 

+ 0 from t he equator at a r ~te of - 1, 000 feet per 5 of l atitude. The 

critical temperature it seemed was a minimum mean temper a ture of 

60°F (15°c) in the col dest month. 

McGlashan (1969b, 113) a t t empted 

" ••• to examine Burkitt' s conclusions by a ge ographical 
approach to the same hypotheses in certa in regions of 
African distant from his Uganda study area ." 

From the resultant cartographic analysis, McGlashan (1969b) confirmed 

an inverse association of the tumour with altitude but found the 

tumour incidence tended not to vary significantly with the mean 

minimum temperature of the coldest month. This l atter evidence 

provided 



" • . • strong, but not compelling, evidence against the 
hypothesis of a totally virus-bo'rne ca1isation of tho 
African lymphoma. 11 (Mc Glashan , 1 969b , 11 8 ) . 
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The map work, the r efore , provided a basis for this analysis , partly 

to reassess , and urge subsequent reappraisal of t'w existi:1g hypo-

these s , and par t l y to provide, through new hypo t heses, a starting 

po i nt for future investiga tions . Thi s is t ho contribution t hat 

medical ,'.'.,·eographi c s t udies ca.n make to di sease aetiological 

investigations . 

Thus, through the application of geographica l concepts and 

techniques, the study of t he African lymphoma lns been gren tly 

advanced . Cook ar:d Burkitt (1971, 20) have summed u.p be role of 

geogr a phy in the ::; tudy of t his llisoase : 

"the wi de i mplications of tl.li :J tclmour, which now i mpinge 
on many c ancer probl eus , a ll stew. from c: tuclies i n geo
graphi ca l distributions and hel}) to i llustrate the 
signi ficance of examinine:; the ge ographi ca l patterns of 
di sease . ;, 

Di sease Naps by Compute r 

One of t he most promi sing developments in medical c r.:.rtog r nphy 

in recen t years has been the a dvent of co~puter gr aphics, or the 

c onstruction of maps and diagr ams by e l ectronic computer . Its 

principal a dvantages are the speed, efficiency a nd relia1)ili ty with 

which t he computer can process , s tore and map the medical data . 

Armstrong ( 1966, 1972a ), Howe ( 1969a), McGlasha n and Bond ( 1970), and 

Nonmonier (1 970) have discus sed t he applicati on of the compute r to 

medical cartog raphy and t he increased utility of t he ensuing maps . 
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A major project in the U .s . employed the computer i n _the productior'.. of 

disease maps (Hopps, 1969) . A report wa::; subsequently produced 

(Hopps et al , 1968) detailing the objectives, methodo lor,J , and 

results of this reoearch. 

Methodo l ogical Considera tions in the Di s play of Health 

D:[!d Ill- Heal th Data 

The methods of portr :1yine sp.1cio-temporal v.:=i.ria tions of 

mortality or morbidity on naps o.rc t he same a s utilised i'or other 

geo graphic phenomena . IIedical '-·,co .'.r.:1.phic maps, however, 

"a r c often f or t11e in:-:;trwtion or a ctio"'- of physici1:.ns 
untrained in any cartoer:::.pl,ic awareness . It is thoro-
fore more than eve r importaY1t t::at the qus.li ty of dat::L 
uti lised and the limi t.J.tions of mapping conver..tions ~YJ 

abso lutely explicit. To non- Geographers a printed ~~p 
assumes co.nonic o. l author·i ty ! ':le must ourselves bei·Turo 
of co'nveyin.o; spurious reliabili ty . " (IfoGla shnn, 1 ')T5 , 
210- 11 ) • 

Generally, the carto .~ra phic technique employed in seeki ng a rlofini tion 

of distributions, whether in space or time, i s dependent on t ~1e no.ture 

of t he data t o be portrayed . For example , Gophistic:-~to,'_ mapping 

techniques arc appropriate only for higher quali ty data . 

tJith due consideration to the data bn.se, the medic&l geo grapher 

has , broadly, four types of mapping available to him: dot , 1 rate ' , 

isopleth, and probability mapping. 
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Dot }1a pping 

The simpl est method for showing general spatial distributions 

invol ves the use of dots . As thiG technique gr aphically represents 

the non- unifonn distribution of the phenomena being mar ped it is 

appropriate to define the distributional density of mortality and/or 

morbidity . 

Although t he underlying principl e of the dot map is simple, a 

number of anci llary problems must °b'~ conqidered. As a dot represents 

a definite number of c D'lf!.pped phenomen~, not only must the size of a 

dot be detennined, but a lso its ' weight '. Ti1e value for which the 

dot stands is dependent •.)n the degr ee of dGvelopncnt of t h8 phonouena 

and their geographical distribution. The greater tho number of dots 

on a ma p the more expr8ssive becomes t.ie distribvtion '1ortrn.Jed on 

that mD.p. Therefore, the acr:-regated ' super- dot' has li ttle 

dis tributional meaning, as it may C1£tsk small- ~cale variations in the 

I!l.'.lpped phenomena. 

Applying this technique to medical geography requires that the 

dots be correctly placed according to the ooject of t he study. For 

example, in investig.:i.ting a disedse- environmen ~ relationship, the dot 

needs to be placed at the I site- of- risk'; that is, at t l:e si to where 

a pn.tient was initially at risk to contract the disease . Incorrect 

dot loca tion may dis tort further ucsociative analysis of the disease 

with the environment . The data collected, however, may not yield a 

precise locational factor which \·Till portl y dictate the accuracy of 

the placement of the dot . 
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E:::i.rly medical cartographers demonstrnted the utility of tl:.is 

technique for medical ,5eog.raphi c studies ( Searu~m , 1798 ; Shapter , 

1849; Snow, 1855) . Stevenson ( 1965 , 260) clai r1s that tho 

"c::mticonta,:;ionists probo.b l y invented it." 

:More r e c ently dot distribution mo.ps ha ve been used as thc- :initial 

stage of cartogrnphical l y defining spatial variations of diso~ses 

(Haring t on and NcGlashan, 1973; Bo nnnn, 1974) . Sue h a Ll;> p d.oes, 

however, he..ve the disndv.:mtace of ' mirroring ' the tota l ( stati :::;tica l) 

population distribution as t hose arens with l :ircer popub,tions ,-Til l, 

generally, provide n greater popu l ::tion-3 t-ri3k. To avoid t his 

weakness, t he 2.bso lute c~,se nu:nb :, rc ( ,·lhethor for health ··1orbi..l.ity, 

or mortality) can be reL1.tod to the ":otal population-o. t - :;:·iJ;k Hi thir1 :1• 

specific unit of area to produce n ' r .2 te '. 

Rate l1apping 

A r a te map i ::; b2sicully a chloropleth map, const ruc ted to show 

any spatial vari o. tions or temporal changes in the: ' densi t~.0 1 of 

mo r tality or morbidity ca s es t hat may exist between :,r eas . Gr,1dient 

patterns of these phenomena may , as a consequence , be dot,,cted 

( Borman , 1974) . The effect of transforming o. dot 1:1.:1p i nto a ra t e 

map has been demonstrated for oesoph.:igeal cnncer in West ~:cny2 

(Ahme d, 1966 ), and for blindness in Luapula province (Mc :_:.:1ash2.n , 

1972c) (Fig. 9n and b). 

Two ave nues are avai"l~ble for the conversion of a dot mnp into 

a rate map: 
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A dot distribution map of blind persons in the Luapula Province of Zambia. 
From McGlashan, N.D., 1972c, 'Blindness in Luapula Province, Zambia', in 
McGlashan, N.D. (ed), 1972a, Medical Geography: Techniques and Field 
Studies, 160. 
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The basic disease data used in 
From McGlashan, N.D., 1972c, 

Fig. 9 (A) portrayed as a 'rate' map. 
161 . 
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a) t he researcher may accept predefined units of ~ren nnd 

ce.lculatc n. r a te for e nch o.rca. Adrninis trutive, nnd not geor-r aphica l , 

divisions ['.I'O co mmonly used as ~ncill,.,_ry dat". (c . 3 . ngo · ·1d ',Gx 

brenkdovms of o. popul .. :tion) :,re ofton procurr.i.bl o for sucli a:-..· .s . 

Coppcrt hw.:ti tc (1072 ) u.Jod tho adninistr::i.tivo co ·,•,uno districts of 

Yugoslav i.L:cedonin ; Hurray ( 1 967) countieG in tho U .-=s. ; HcGl ashnn 

( 1972c) census enu;:1,,r n tion nrons ; :md 1n-u to ( 1 972) the coun t::r 

divisionsof Ent;la.nd ct11Cl ::r' l os ; 

b) t ho .'.l.li;crn:itivc method i ?1volvor: superi·uposition of :m 

nrtificinl grid syster.1 ov er the m0.pped u.-roa . Frol'.l ['. count of t hG 

popul 1.tion- n t - risk lmd the ;o-1ortoli ty or r.-torbidi ty co.se:J wi.thi!l o~ch 

gr id squar e n r [:to mny be calcul n.tod. for e 'Ch riuo.dr ~,t . 

R0l n ting co.so numbers to t~,0 n.bsolut r,- ( total) popul . tior.---,_t- risk 

produces a ' crude r~to '. Such a rte is, t:ier,~fora, l ike:l:' to be 

affec t ed by the age and sex consti t;,. tion of t he popul 2.tion concerned . 

For oxnmpl G, the greater tl1e proportion of old pursons j :·1 an clr0'1 

tho higher the crude morto.li ty ficure will genoro.lly be, comp .,red 

r.:i th thn t figure produced in :111 c.roa of prodoc:rinantly y m11.gor 

persons . Depending on th0 n'lture of t he du.t e .. ava.ilabl ,? r ~fineoents 

of this crude r ate mny be carried out which lilnkc d,.w allo,·ra~,ce for 

structur al v a r i ations of a popul ~tion. Howe (1963, 1970a ) Llnpped 

chloropl eths of death based upon S .M. R. 1 s , as did Bako (1973) , while 

Saue r ( 1 962 , 1 970a) , Sauer e t a l ( 1 970b) , Sauer and Pnrko ( 1 972) 

u sed o.ge- sex adju s t ed and specific r a tes for mapping. 

Det e rmina t i on of c l ass int ervo.lf:l r eq_uires consider.".tion so that 



77 . 

the finished map effectively i l l ustrates the most import·•nt areal 

var iations. .Armstrong (1969) hns urged medical geographers to 

use the standard devic.tion of S .H. R.' s from the norm (which is 100) 

as the method of selecting class intcrvalsand assessing significance . 

IfoGlc.shnn (1972d) hnc mappc;d S . rT .R' s of stomach canc0r in Sout h 

Africa in classes de termined by st~ndnrd devi a tion from t he norm, 

and alternatively by scatter diagram. 

The construction of chloroplc:th r.inps implies two conditions , 

neither of whi ch is actually true in r -)o.l ~ ty. Firstly, there is an 

implied prcsupposi t ion that no v~riu.tions in the distribution occur 

within tho boundaries of the indi viduc.l ~r eal units . Seconclly, 

abrupt chnnges in tho distribution may oc cur along tho bound,1.ri0s between 

areas belonging to differ ent classes . Disease distribution, however, 

r are l y conforms to .:id:-.inistrativo bound::i.ries, n.nd changes are most 

likely to bo gr adu~l . Thcrofor0, the boundar ies on such o.. :nap 

assume a de-;r ee of sirrnificnnce out of proporti on to their true 

importance. 

These disadvantages may be overcor1e by treating the area to be 

mapped as a continuous surfa ce and employing isopleths of dis~ase or 

den th - what McGlashan ( 1965) has t ·· r • ed ' isomorbs I or ' isomorts '. 

1soli?J.es 

Isolines, or contours, are constructed ns contrived cartographic 

devices to connect data points of equal value (McGl ashnn, 1972b) , 

Lear month and Nichol s (1965) and l ater Lecr month and Grau (1 969) used 
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this t ech.~i quo in i llustr nting S .i l , 1 . ' s of sel ec t ed diseases i n 

Au str a lin . Be.sed on sixt y - f i ve dRta points di str ibuted thr oughout 

the continent , t he maps ·,rcr'3 V'.llu nbl e 

" i n bringing ou t ::my spntin.l treads - hills nnd vall eys 
as it wen; - f r ol!l the dn tc. . In this r esrec t they n.re 
easi er t o rend th:m tho chl or opleth ,:i.c.ps ." (Lonr mon-th 
and Nichol s, 1 96J, 4) . 

I so line onps showing rr:.1.1 0 1l-3a.tl1:.1 from p".l.euuoni:1 ( 196]- 66) r.nd 

t11.osc arcr.s 11ith higr. S ,11 . R . 1 s ( for both 1 959--63 nnd 1 965- 66) nrc 

cxnraplos of thi:,, technique 0.s criployod in thor.c Am~ trnJ i ·:n .·.tl.:isec. 

(Fi gs . lO 'J.nd 11 ) . Tho n,:p::; cxhi bit f". r.:,rked i nl7.ncl 1.nu rurn.l bi:is 

whi ch 

" i s sarcly signi ficr.nt , but net surpr ising, since t1:is in 
the one important cmtsc of nort'.1l i ty nn11pccl which L,irly 
cle:nrly .:tnd gcn0rnlly involves a p,1t11o.~cn or pnthOf"C7, . " 
( Lenrmon th and Gra~i, 1 969 , 11 ) . 

The rt.1.ps of '."lOrtali ty f r o::1 c1.nccr of the lung, br0nchus, ·,nd trnchc:: 

s how a concentrntion of hig> v:.lues in i n l o.ncl ,.rr.:~s (whcr · t'7.r: popu

l ntion is sµ.1.rse) , nlthou13h hit1 r-tios 7.r,. discernible ir. th: more 

densel y popul cted and • or e urb.:tni,,ocl "..re'ls (e . g . Helbour·,., r.n~l 3yrlney) . 

Through I isoplenic I mnps (isolines of s pleen v.:i.luc;.: ) Fon :rof f 

( 1968) di splayed the declining r ntes of ranl nric. in Trini rl d OVl:)r the 

period 1945 to 1955. Hc Glnshnn ( 1 969d , 1972e ) used nn isople th 

t e chni que for part of his wor k into the r e l a tionshi p of oesop!1agcal 

cance r a nd a l coholic s pirit s . The Gcosraphicnl Pa thol ogy at l ns of 

Iran (1966 ) conta ine d n numbe r of such maps , while the lfapping of 

Disease (n . o . D. ) pr ojec t pl aced major emphasi s on mappi ng by t he 

contour t echni que ( Hopps, 1969 ; Hopps_ et a J , 1968) . 
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Areas of high S.M.R.'s for males from pneumonia in Australia in 1959-63.& 1965-66. 
From Learmonth, A.T.A., and Grau, R., 1969, Fig. 27. 
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This form of mnpping requires that there be c.vailnble :1 l .""'.rge 

number of points wi th numoricnl da. t.J. on the basis of 1rhich the 

corresponding isoline syst ems wi l l be d rawn. As t h8se points h:lve 

diffe r ent numerico.l i ndices nncl the iso lines must be drew::1 u s i n g a 

clefini te sc;:ilo of qu .J.nti t ,;tive dif fe r ence s thi s t e chnique ma kes 

extensive u se of the interpol~tion mo t hod . Hopps ci.nd C-::::ch.r::cight 

(1972) h nve discusi;ed the problel'.m o:f t hi s rao thod , o.nd th~t of 

extrapola tion i n the production of isople th disease r.1n.p::i . '.i'ho 

i s o line me thod c :m only be u r::ccl -uhon t lwr e i ci n gj·.cdu ... 1 :1re:c l 

chc.nge i n the i ndices . If th e do.t:1. ho.s a r c.ndom chnra c t cr t h e isor.,orts or 

i s ooorbs bc cone cha otic i n .'.lrr ,11ge1,ent in orde r t o .,.cco:rod-::. t e the da t a 

po ints .:. l1d thus cc ,1s,3 to be :.10anin~·ful . 

By • e l ecti ng f r os the !'1ethods descri bed r.cbov e , the uud.icn.l 

geogr apher cnn produce !naps portrnyi ng thr? sprt ti-". l po.ttor:1s or 

te1. porc.l ch.J.nges of heal th or i ll- he.'.11 t h . Und(~r roal irnrld 

conditions , however, diseased or h.x1. lthy c .:,::ie,; will not ~,o evenly 

d ' / . t istributed ncross the L:mdscn1~e pro r a t n to popul -i.i; ion ,:L . o • .J. a 

constnnt ro.te of i ncidence) . The opc r :.i. tion of r o.ndorn ch,mc E. wil l 

ensure tha t any patterning of i ncidence will have inhe r ent v:ir i ::i. tions 

and thus some irre&U l a ri ty wil l occur (McGl nsha.--i, 19720. , 1974d) . 

There for e , until the c o.se numbers cnn be shown to devint3 a t o. statis tically 

signifi cant l eve l from those 3tt r ibutable to the ove r a l l 'norB ' of 

ca ses expected i n t he general populn tion, loca l cas e v nrj a tions mo.y 

be put down to the operation of chance f o.ctors . 
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Probability Mapping 

In 1959 Choynowski present od n paper l!.pplying prob:::.bili ty testing 

to maps of bro.in tumours in parwof southern Poland . Al though there were 

wide variations in the rato of incidenee of t his disease , only two 

administrative counti es reached t he 95 per cent l evel of significance 

by Poisson ' s distribution (Fig . 12a and b) . A similo.r work by 

McGlashan (1974d), also using Poisson ' s distribution, was based on 

incidence r a te maps of oesophagea l c~ncor compiled in two earlier 

South African studies (Burrell, 1969 ; von Zcynek, 1973) . He 

concluded (1974d , 1623 ) that 

"fo.r frori. the r a tes for oesophageal c:J.rcinoran in the Glen 
Grey district differing widely be hreon loca tions, I!lont 
do not in f act vary significantly from tho district norr:.1. . 
This ma p based on probability locates the three arens 
whose c ec sc numbers dif fe r at significant level s fror.i. 
t hose of the district . " 

The so.me test has been applied to mnl o stonnch cancer deaths a~ong 

Europeans in South Africa (McGlcsh-"'-n , 1 972d); i s ch2..0mc heart 

disease in Tnsmo.nin (NcGlnshan, 1972f); l eukaemia deaths i n Engl nnd 

nnd Wales (Wnite, 1972); oesophageal cancer (Rose and McGl o.shnn , 

1974; Harington and McGl ~sho.n, 1973) o.nd t hr Je othor cancers i n 

South Africa (Harington et a l, 1974); n.'ld connec t .ivo tissue 

di senses in Ifow Zea.land ( Borman, 1 97 4) • 

While tests based on the Poisson distribution are the most 

commonly used in medical geography, other spatial t ests of non- random 

occurrence have also be an utilised, especially when larger numbers of 

cases are involved . For example , the chi- squared test hns been 
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The same base data on the occurrence of brain tumours in the counties of the 
Rzeszow District of Poland expressed by different techniques: (A) as rates per 
100,000 population-at-risk; (B) showing areas with statistically significant 
divergences of the number of observed cases from expected cases. 
From Choynowski, Mieczyslaw, 1959, 'Maps based on probabilities'. J. Amer. 
Stat. Assoc., vol 54, 385-388. 
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a pplied to assess spat inl links of 7.Gnociation or causation bet,,,e.:m 

the environment and the diseases of diabet es melli tus (!-tc Gl ..:!.sb.::n, 

1967n; HcGl a sh~m and Bond , 1970) , oesophagaa.l cnnccr (T'icGL:-..shan, 

1969d, 1972e), nnd t he lif'r ican lymphoma (McGl nsho.n, 1969b) . 

Armstrong (1 969)hns advoc~t cd ·the useaf o. furthe r raonns of nc3ess ing signif i-

cance, t ha t e f t he stnnda rd dcvi '.tion f r o1:1 the ' norr.1 1
• Li ct l e use 

hns , however, been t:l.'.ldc of this technique (!1cGl -:rnhr.n , 1972f) . 

Gro.rJhs :mcl D:i,ngrc.ns 

I ncr e,,.singl y modicnl (!;"OOgr c.phur s ;.ire ut ilis in~ o v: . .cicty of 

other Ci:. r togrD.phic ,'.nd s tntintical t ochniqu es, i n nddi ti.on to tho 

r:1np f orns discussed, to portrny hor lth or ill~b.onlth d;.itL1 i n n visua l 

forn . R:2.forence h;.1.s bc"n r,1c..d,:: to tl,e; use of h'r ~r,1phs , proporti onal 

circles a:1d flow lines i :1 the Ug-md.-;. A tlns of J i sea.so Di stribution 

(Hall n.nd Lan1,:l nnn.::.. , ed. , 1968 ) . Ikr:l·,shn'1 (1 %7b) , like Br own 

( 1955 ) , produced proportion:'.l circles to ill ustrr1.ta +;i,o ,11.., tri lnt i on 

of specific diseases i n ZnMbi2. Cr'"'.phri h .ve beun cho·1er: pri rcip'1.lly 

to show t empor -;. l var intion3 of cert,1:i.n L~ctor s , or ~s a pr •3m.i~'ct i on 

of regression lines with r: ignificnntly v .:-,,ryi ng limi ts , hi,,;:, .-:,.,1d low 

on enc h side (Girt , 1972a) . Saknmoto ( 1965, 1968), and :::aknraoto 

and Ka tayama ( 1966 , 1967) developed lino and b~r graphs to highlight 

the seasona l va riations of mort~lity and morbidity in tho U. S . from 

selected cause s . 
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llleq,ioal Geo~.r.o.Phi.c Models 

';\ 

The ::ipplicntion of the ooile l typology of Ackoff tl.al -' to 

medical geography demonstrates t ha t modelE: h :Lve long be on u•_:ed by 

medical f:8 0[~r:1phers , .:i..nd t he nineteenth century mef.iic ct l topo :;rnphers 

(Learnonth, 1968b ). I n :1 medical c.;eoi rn.phic ,1. l context, iconic r:iodels 

would do.to nt l oast from Snow's ranp:Ping of the 1854 Soho cho lera 

e pidemic o.s r cl::1 ted to tho w:::i.t,,r supply; nno.logue models since 

Po t Gr • o.nn shc.ded n contou1· r:w.p of chol1)r a i n the British Isles in 

1852; while Howe I s a tlo. s of morbl i ty ( 1 963), 11.nd e spe ci.:-·.lly t l'le 

latter edition ( 1970n. ) ;·_·,ay be rGp;.trd0d 2.s cu ployin,; synbo l :Lc i01od.c lo 

(Lo.'.1.r ~on th, 1968 b) . 

Le .:1.r mon th ( 1 968b) h :s OX['f.' ri n.mtecl i ::1 building nodcb of r.t 

llL, l a rin. l cori.tinent (furthe:r· dovelo1:)i.id i n 1972c) , of lung c:::tccr in 

Victoric. C\ustralLi.), ilTld 

11 1'.c sir:rultation mode l of t h0 uovc:rnt o f infec tive hepc: ti.tis 
froIJ D. Sydney-like CD.pi -tnl of n. Nm·r Sou th t[n l es liko St~, t c , 
nrnl subse quent incidence o. t its dcstin'1tions . 11 (Leo.r nonth, 
1 968b , 6) . 

\'!hi l e Brownlea ( 1 967, 1968 , 1972n. ) endenvour0d to construe t n 

11 
••• model to s irauln te c1 r a'1?;8 of s p - tinl and t ,nu pornl 

features of infec tious hep~titis incidence in the 
Wollongonli systeo of settlentt=mts between 19:54 and 
'i 970 •.• " (. Brownlea, 1 972n, 279) . 

The t :1sk of medical ca rtography has 0volved trom the proauc ""G1on 

of r'.lElps o.s mere illustrations of a text, to the contempor·1.ry u se of 

:::i. mnp as n method for suggesting correlations between disanse 

occurrence and environmental f a ctors. Correlations in spnce, however, 
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may i:>e a s oisl eo.di ng ns corrcl.·ition:J in time , a nd t he dat11. 

providccl by m-'.lps will usua lly be of tl-ii:::: ch:i.r nctor (Doll, 115~!) . 

Ther efore, a l though nn 1.:ip'lrontl.v a.dcqu:1tc hypothesis n2y 'lc c1ue 

f r om such car tography, rops only off r pointers to possi ble 

ansuors that r.rust be tested i n subse<1,uent rcsenrch . 

causation r equires str ict c r itori.'.1 to be fulfi lled (Hil l, 1960) 

nnd also detai l ed evidence of th: conjunction of t he co.use '.lnd 

ef fec t i n the i ndi vidual .:cs m::l l ns in tho cor.inuni ty. Ikdical 

r1.".ppinG, a s h1.s been :Jho'\'m , c:,n '~.::~co :::. vi tnl contribution to t·1-::: 

fo r ncr, but intcr- di•;c i plin:i.ry co- op .. ro.tion i ,' osnl1ntinl to bron.k 

n di:.ie:-1.se cnusativo ch, in which ,,,ill h,nd to the cv~ntual 

e lioin_1t i on of th·.t dise,sc , ['.nd the ~llevi:. tion of hutr.:c suff,3ring. 

Footnotes 

1 . Tho following abbrevi, ted t~ble shows the scnucnco of ev~nts no 
detcr:-'lincd by 8nou ' s inquiry ( froD !fill, 1955, 1009) . 

Dntc 

Au'Y,Ust 26 
27 
28 
29 
30 
31 

Sep tember 1 
2 

3 
4 
5 
6 
7 
8 t 
9 

10 
11 
12 
13 
14- 30 

Do. te unkno'l'm 

f Pump handl e r emoved 

!Yo . of f::i.t-11 :.tt cks 
cor.1:1encing on eac], u.ny 

1 
·1 
·1 

1 
8 

56 ·: 
143 
11 6 

54 
46 
36 
20 
28 
12 
11 

5 
5 
1 
3 

18 
45 
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2 . Reviews of this n.tlas .:1rc .-;ivo:1 by iforrf'..y, F .i, . , Geor;r . :'?3v. 

1964 , vol. 54 , SR2- 4 ; nnd Ec.y, .T •• , r.-eogr , Journ. -1 '.)64, 
vol . 130, 258- 70 

3. Ackoff, R. 1 ., with Gupt11, S .:· , , und f·Ti n:is , J . ~~ . , 1962 , 
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The Medical Geography of 

Rare Systemic Connective Tissue Diseases 



89. 

C:ilAPTER ONE 

INTRODUCTION* 

Despite extensive stucly and clinical descript i on of rar e systemic 

com1ectivc tissue diseases du.Tine recent years , this group of disorders 

remain of obscure aetiology (Sieg0l ~t c1l , 1962 ; Pearson _, 1962 ; 

Dubois and 'l'uffanelli , 1964; LOEcm et al , 1966 ; Masi and D' Al,t:;-e lo, 

1967; Kurland et al , 19G9 ; \hc;ley, 1970 ; l:edsger et al , 1970; 

ltedsger and iias i, 1971; vhr:ll,e lDann, 1971; \.'al l ace et al , 1972 ; 

:Ial1n c t al , 1973; Siege l D.nd Loe , 1973; Dubois , 1974a; Dt:boi:J 

e t al , 1 9 7 4 ) • 

'i'he Rat ion1 1l 0 for a H-Jd i c::i. l . ,; d0-.1r-a.phic 3tud:v--of 
Connective Ti ssue Disens8s 

A medical geogr aphic study of' these diseases may proviu.e new 

informati on resulting from a ::;p<.1. tinl Md temporal defini ti ol·1 of the 

disease distributions , which may subsequently be used as a f oundation 

for disease-environment associative studies . Until it is t noun uith 

confidence the location, i n space and time , of these diseases i -t is 

meaningless to try to ascertain what other f a ctors occur in similar 

patter ns (McGlashan, 1974a). Through the employment of t he macroscopic 

techniques of medical geography, specialists trained in the use of 

* The Clinical aspects of this Chapter were written with the 
assistance of Dr R.A.D. Wi gley, Palmerston North Medical Research 
Laboratory. 
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microscopic techniques, will be able to focus their research resources 

upon those environmental factors revealed as being associated with 

one or all of the diseases . 

The utility of a medical geographic approach to these diseases 

will not diminish if negative findings are produced in the resultant 

analysis . Such results will establish that there does not seem to be 

a relationship evident between t he studied environmental fc.ctor , or 

factors, and the incidence of corn1e cti ve tissue diseases in He1•r Zealand . 

Future research can therefore, concentrate on other avenues of poss ible 

association or causation , or on re-examination of the curre~1t 

hypotheses under different conditions . 

In either instance, t he medical geographer has a responsible 

and positive contribution to make to resear ch into tho aetiology of 

rare connective tissue diseases . 

The Aim of the Pr e sent :3 tudy 

The intent of this research project is to provide a perspective 

on the natural history of connective tissue diseases , collective ly and 

severally, through the employment of medical geographic t echni ques, 

with a view to furnishing clues to their aetiology or to aid in 

focusing future investigation. 
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The Connective 'I'issue Diocnsos 

The diseases involved in this medical geographic study a r e 

dermatomyositis and polymyositis (International Classification 

( ei ghth revision) of Disease ( I. C. D.) categories 71 6. 0 and. 716 . 1 ) , polyarteritis 

nodosa (I.C.D. 446.0), scleroderma (I.C.D. 734. 0 ), and systemic lupus 

erythematosus (I.C.D. 734.1). All are chronic diseases with an 

episodic course, and have a number of features in common uhich may 

make it difficult to separ ate them in some pat i ents. Until effective 

treatment was available (Dubois, 1974a) these diseases HerC; consider ed 

to be uniformly fatal , but increased awareness of them , to ~e thcr with 

improved laboratory methods for diagnosis, particularly with re::;pect 

to systemic lupus erythematosus (SLE) , has lead to prolonGed survival 

in many cases . Seventy to one hundred years ago these entities were 

separated out from tho other chronic skin and rheumatic diseases , as it 

was increasingly r ecognised that almost every organ system in the body 

could be affected by them, hence the title syst emic and the term 

multiple system disease sometimes used in the U. S.A . 

Pathologists r egarded these diseases as low grade infla..::.:ir.iatory 

diSbrders of the connective tissue and though other tissuGs are 

frequently involved the general t erm of connective tissue disease has 

now been used to describe these complaints collectively. Collagen, 

which forms the basic building material of connective tissue , was 

suspected (in the 1950's) of bearing the brunt of the attack and the 

term collagen disease was introduced. Subsequent research has 
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revealed however, that collagen itself does not appear to bo abnorma l 

in these diseases with the exception of scleroderma, i n which there is 

an increase of appar ently norr:ial collagen i n the deeper l aye rs of the 

skin. Therefore , the t orm coll.:i.gen disease has been disc;:u·clod . 

The comr.:ion connective tissue dise8.se which has been excluded 

:f'rom this study is rheuma toicl arthritis . This disease , chiefly 

affecting the synovial tissue of tcndons arid joints , is gener ally not 

f a tal , but causes i!lll1lense disability and pai n . As it is closely r e l ated 

to tho conne ctive tissue diRe:.1.sos of this survey, it is be l ieved that 

tho discovery of tho cause of, or tho dete ction or interruption of some 

p:.1rt of tho caUSJ. ti vc chain of one of tho rare diseases mitht throw 

light on tho co.use of t he other diseases of this group . 'i'hcrc is a 

variant of rheumatoid .:i.rthritis called Sj~cr ons syndror;c Hhich 

affects thc l:J.chrimal ~.md saliva:..-y gl mds in .::i.ddi tion to t~"o ,joints 

and this co.n ill so bo difficult to distinguish from 3LE . ,:.;o;ne of the 

patients c.:i.tegorised i n the present study as hnvin{.s SLE c,._;_so ne .. vo 

features of this syndrome, but ca 3us primarily diagnosed c~s having 

Sjoc rens syndrome wore not included . 

The Princifa l Clinic::il Charactaris tics. · of: thG 
Connective Tissue Di3eases 

Systemic lupus erythematosus 

The most distinctive feature of this disease is r eddeni ng of 

the skin of the cheeks, forehead and other parts of the skin exposed 

t o the sunlight. In the a cut :i t orm, which mny be precipitat ed by 
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sunburn, the skin blisters, weeps and fails to heal as ordinary sunburn 

does. In a chronic form, which may be an isolated complaint (discoid 

lupus erythema tosus), this discolouration of the skin may be more or 

less permanent though varying in degr ee . Sir William Osler early this 

century first noted t hat this compla int could also affect other parts 

of the body . An acute inflammatory arthritis affect s the joints and 

a nephritis affects the kidneys so that protein and red cells appear 

in the urine. Since then it has come to be realised that the heart, 

lung , brain, bowel and bones can be affecte d together with various 

abnormalitie s in the white cells, platelets and red cells of the blood. 

Apart from the rash , and the k idney disease , involvement of tho other 

organs has no characteristic pattern to distinguish it from other 

disease of the same organ . Each of these justifies a diagnostic l abel 

itself , so tha t a number of organs become involved at the same time or 

sequentially in separ a t e episodes of the disease suggests n diagnosis 

of SLE . The same is true of the other diseases in this gr oup to a 

lesser extent and the t e rm multiple system diseas e is some timGs used 

as a general term for these compla ints. In 1948- 49 it was found that 

sixty to s eventy per cent of patients with this disease had abnormal 

blood cells called LE ce lls (Dubois, 1974a). These are whi te blood 

cells which are in the process of engulfing the degenerate nuclei of 

other blood cells. It has subsequently been shown tha t these cells 

have been damaged by antibodies to nuclear material . These are called 

anti-nuclear antibodies (.ANF) and this discovery has l ead to the general 

introduction of l aboratory tests for these antibodies facilitat ing 

diagnosis. Therefore, a rise in incidence since the general 
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availability of these tests between 1958 and 1966 would be expected. 

Difficultios in the precise classification of this disease have been 

partly r esolved by the Americ/J.Il. Rheumatism Association scoring system 

(Bull. Rheum . Dis . 1971) which requires a s core of at lGas ·t four to 

rno.ke n definite dia gnosis out of i.l possibl e of fourt een f ec. tures 

(Appendix A) . 

This disense m.:1y , like SLE, affect any org.'.l.rl in the body . It 

does this primarily by p:coducing an inflammatory process in tho walls 

of arteries which may become blocked Ctnd this in turn produces the 

symptoms . Like SLE , this disease may be pr es~nt as a multiple system 

dis ease , initially difficult to classify , with 2 f eve r r ea~onding at 

l east t empor arily to steroid trec.tment . Again like SLE , involvement 

initially of one organ only mi.ly simula t e another dis ease e:,: ti ty so 

t hat l esser degrees of polyarteritis may escape detection . Polyarteritis 

nodosa often presents with a fever not otherwise explain€d , fre qu ently 

with an inflammatory a rthritis or involvement of the kidney 

evidenced by red cells and protein in the urine . Sometim8s involvement 

of the small vessels to the periphe r a l ne rves loads to p1:,t chy par alysis. 

The small vessels to the skin may be blocked producing pa tchy areas of 

inadequate circulation which may slough to form chronic ulcers . Those 

are usually on the lower l eg. i1ny other organ in the body may be 

involved in this vascular blockage , p::trticularly the brain, heart, or 

bowel. In a small proportion of cases there is an increase in eosinophil 

cells in the blood with ~sthma and in a few cases the inner part of 
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the nose is destroyed (Wegener's disease) . This r a r e sub-va riety has 

been included in this study as polyarteritis nodosa . The diagnosis 

of polyarteritis nodosa is es t ablished by removing an affe cted pi ece 

of tissue and demonstra ting the damage to the vessels walls with 

surrounding infiltration of inf l ammatory ce lls which a re small round 

cells in a low gr ade process and in nn a cute phase polymorphs 

and eos inophils. The actiolo5.f of this disease has been revi ewe d by 

Wi gley ( 1970). 

ScloX"odormo. 

This disease may have a ve ry gr adual onset. The p~tient may 

have noted changes many years before reques ting advice . Char ::i.cte ristieally 

the skin of the f i nger t i ps thickens and no longer wrinkles easily 

when pinched up . Eventual ly the increas ed collagen in the dernis 

(the deepe r l ayer of the skin) l eads to stiffness of the fingers 

which become susceptibl e to mino r injuries and do not heal readily. 

Ther e is usually Raynaud's phenomenon in which t ho circula tion t o the 

f ingers is interrupted caus ing bluish discoloura tion, whi ch is worse 

in the cold. La t er, deposits of calcium may form under the skin , and 

these may be she d from time to time . In the more gener a lised form of 

this disease the skin may be thickened ove r the forearm, of the face, 

and eventually the whole surface causing increa sing discomfort and 

invalidity. The musculature of the oesophagus becomes involved 

causing difficulty in swallowing. The small bowel may be affected so 

that food is not absorbed properly with resulting loss of weight. The 
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heart may also be affected and death frequently ensues when the kidney 

becomes involved with a consequent ris e in blood pressure. This is 

the most clenrly defined of all the connective tissue diseases in 

this study. 

Polynyositis 

The low gr ade chronic inflammatory process of thi s dis ease has 

its ma jor effect on muscle, producing progre s sive loss of mus cle power , 

wasting, and t endernes s of muscles . 'l'his can l ead to genur a l 

paralysis and a f a t a l outcome , but if appropria t ely trea t ed with 

cortico- steriods partial or compl e t e r e cove ry results . 

If the skin is i nvolvad in this complaint it i s ca lled 

der matomyositis . \lith this disease , t he skin becomes r eddened , thick

ened, and a bluish discoloura tion appear s bel ow the eyes Khil e t he 

skin ove r the knuckles develops a char acteristic tissue p~por appear

ance referred to as 'collodion pRtches ' . In children this occurs a s 

an isola t ed disorder which is usually fatal with an indifferent 

respons e to steroids . In adults it has been frequently clL:imed t hat 

dermatomyositis is associated with cancers , and that the cancer is 

the cause of the disease . Not all studies, however , have supported 

this contention. A subsidiary analysis to the present study has been 

instituted to test the validity of this hypothesis . 
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Non-specified Connective Tissue Disease 

Following cla ssification of t he diseases in this general group 

of connective tissue disease into ono of the above categories, a group 

of patients remain who cannot clearly bo diagnosed into a specific 

category, but who have many of t he relevant featu res of connective 

tissue disease. It is this group and the patients, which show 

features predominantly of ono disorder with soD1e features of one or 

more other disorders that ha s lead some r esearchers (Klemperer .£i al, 

1942) to view these diseases as a spectrum of t he same disease with 

no clear distinction betweon each category. In tho present study 

allowance has been made in the scoring system for inclusion of such 

cases, and they contribute to the number of case s in the category 

labelled 'connective tissue di s ease'. Thi s is not to bo confused 

with the recently described mixed connective tissue disea se syndrome 

(MCTD) in which similar clinical features are associated with an 

RNAas sensitive antinuclear antibody (Dubois, 1974a). 

Human Populations Affected by Connective Tissue Disease 

To establ ish a comparative framework within which the 

findings of the present study, with regard to the population affected, 

may be evaluated, necessitates a detailing of the structure of 

populations previously found to be affected by these diseases . 
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Sys t o.~ c. Lu pus ErythcmoJos:us ( SLE) 

Tho ffi(.;an a go at onset of symptoms has ecner::i.lly bv"n pL::i.ced in 

a range from 26 to 30 years of ag,.., (Dubois nnd Tuff3nclli , 1964 ; 

Naddock , 1965 ; Estes ::md Christic..n , 1971) . turl:md ct al , ( 1969) 

plocod t hv moan ago at onset at forty yo urs of ng0 , while th0 oldost 

ago of onset r ocor ded ha s been eight y- thr ee years of ago (Dubois, 1974b) . 

.n.pproxi cmtoly sixty per Cl-nt of cn.sus t~ro in the ng0 gr oui, twenty to 

fifty at onset . Both Duboi::; ::md Tuffo.nc.lli ( 1964) .:ind l•!addock ( 1 965) 

noted r cspective:l y fifty- six '.:md sixty- on~ per c"nt of th(;ir co.sos 

being t hirty yua rs of :igc or younger .::i.t onset of synpt oms . Si egel .'.lnd 

Lee ( 1973) obsvrved a L1nximuo i ncidvnc e r ::i.t e fo r fem:iles in tho age 

gr oup fift~en to f orty- four yoars . 

,. distinct sex bi;1s h.:is been r--cordcd in pr 0vious ~tudL,s , 1·1i th 

approximately uighty to ninety p..:r cent of r 0cordod c.:.S,.;" bci nr; f<.:rr,e1.lu 

(~ i eg.Jl c,t :11 , 1962 ; Si qgd c.nd L .... o , 1973 ; Dubois , 197:;b ; 

Dubois ot a l , 1974) . 

1i diff --r cntial nttack r c.tv on v.::i.rious r a ces hos bo0n document ed 

( Si c gel :.ind Lee , 1973 ) . Siegel c t al , ( 1962) found in ~;ow York city a 

higher i ncidence , pr eval ence , o.nd oortality SLE r .'.l.tes i n non- uhite 

and Pue r to Rican popula tions t han in the white population . Duboi s 

and Tuffanelli ( 1964 ), Dubois (1 974b) and Dubois et a l , ( 1974) did 

not observe a s imila r r acial pre dilect i on . 

Duboi s c t a l (1 974) have recor ded that t he medi an t ime from 

diagnosis of SLE to death is 3 . 5 years . The s ame survey o.ls o showed 
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t hnt at successive deco.des the u1e dian agG at death ha.d increas ed from 

thi rty yonrs of age to forty-five . Improved methods of diagnosis can 

l oad to inclusion of l ess seve r ely ci.ffect ed ca ses nnd no i.J.ppnr ent 

decrease in mortality . 

Po l yo.rt : ri tis Ifodoso (PN) 

This disens o Bay occur a t all ~gos, but tho m~jor ity of 

pa ti ents are: in the fourth and fifth de co.dos of life (Y.:ur L :nd 

ot nl, 1969) . 'l'lhi l o the disens o is r o.re in nges under tucnty and over 

sixty-five cns e s , hnvo been r e corded in the 2-god a.nd in the firs t 

yea r ( Benyo , 1968) . 

Ur.like the othe r disons os in t hi s study , polyart0r itic 11odosa 

frequently predoninn t os in mal es (Kurland e t a l, 1969 ; :igl cy , 1970) . 

The sex r a t i o of :J.cles to fo o ,:i,l e s h::i.s b een pl ::tced as h i gh ". S 4 : 

(,ilile rican Rheuma ti s in 1~ss . 1959) . 

Masi ( 1967) s t udying f atal polynrte ri t is nodos n ir. .Bal timoro 

(U . S.) found a mort a lity rate twi ce .3.s high for Negro e s ets for whites , 

and a higher incidence in f emal e Negroes than in the malc:.3 of the 

same race . 

Scleroderma (sc1) 

Tuffanelli and Winkelmann (1 961) ha ve r eported thnt only 8 . 8 

percent of their patients had onset of symptoms in the first t wo 

de cades of life . Onse t age rDnf;ed from five to e ighty-six years, 
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with a r:10dia n of forty years. Nedsgo r and Nasi (1971) co :rrobrntod this 

finding , with 8 . 1 pe r cont of t he ir pationts showing s ymptoms of 

onse t of tho diseas e in t h 8 f i rst t wo do cndes . Thor e were f ew 

childhood cc.s os r e corded c ompare d with ndul t c::ises , ood no mu.l e 

patient undor age t wenty- fi vo wns identifie d . 'fho r 0f or e , unlike SLE, 

1·rhich hns its highes t i n cidonc o o.nd mortality in t he childbearing 

Ggos and. u p t o tho nge of f ifty , ncle r ode r ma. shows incroa.s ing 

i n ci dence Hith ng0 , poaki ne i n the oldes t ago e roups ( NudsgG r and 

I1ns i, 1971) . The 1:1edinn inte rva l from onsot of firs t s y1:ir, t m,s to 

dio.gnosis kw hJon fo und t o be a.bout s event een months (Noc.i.sgcr nnd 

Mas i, 19 71 ) . 

Feno..l es h~vc boon r e c orde d ns pr edomi nating uniforr::.l y i n nll 

r cport e:d se ries of s clor odor • n pat ient s , comprising 58 t c 90 r,o r c ent 

of cnso;:; ( ne dsgor 3.nd Mns i, 19 71) . Nas i and D'llllgdo ( 1967) r eporte d 

u sex r a ti o of t wo or t hr eo f emal e s to one ma.l o , and a s i mi l~r ratio 

has boo n found by Tuff anelli o.nd ~iinke l mrum ( 1961 ) , and i,~dsgo r nnd 

Has i ( 1 9 71 ) . 

Initially, lfo.si a.nd D',i.ngclo (1 96 7) r evealed n highe r oortnlity 

r a te for n egro f e mal e s when compa r e d with white f etlal es. Subsequent 

r e s earch ha s not, howeve r, indica t ed a differentia l a ttcct r a t e 

between r a ces (i1edsger and I-insi , 19 71). Other reports ha ve s novm no 

accord with respect to the varying incidence of scleroder,i1.J. on 

different racial groups . 
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Pol~yositis ::i.nd ~e r I.ilntomyositi s (PMS/ DMS) 

Pear son (1 966) has c oDlilent od t hn t t hese diseases occur about as 

cor:inonly as p rogressive sys t emi c s cle r os i s ( s cl e r oda r r.ia) , lwl f as 

frequ entl y as SLE, nnd h rice o.s f r equent ly ns polyarte r i tis n odosa . 

i,l though the nge of onset varies tri de l y , the l a r gest nur.1bo r of cases 

begin i n t ho fift h and s i x t h de cades of l ife ( Pears on , 1962 ; 

Kur land Gt a l , 1969 ). Wi nkclno.nn £i...9:l (1 968) r eported a binodnl 

distr ibut i on of tho onse t o.gcs of their p.:1.tien t s wi th peo.ks n t t he 

f irs t do cndo and i n r::ii ddlc c:.go , and trough i n t ho thi r d and fourth 

decade . i~ simila r bi • odnl distr ibuti on has been n oted b:;r Log2.1: ct n l 

( 1966 ) illld Hcdsger c t o.l_ (1 970). De.'.1.th hc1s b oon found to occur nost 

fre quently in tho fi r s t two years of disoaso (Wal lo.co ct ::i.l , 1972) . 

Females a r c gencr nlly ::iffoctod nearly twice o.s oft ":1 o.s wales 

( Pco.r son, 1962 , 1966 ; Loean et al , 1966 ; Kurl-'.lnd ct al , 1969 ), 

although liicdsger et nl (1970) obser ved a soaller sex r atio of fooa l es 

to r1nles of 1 • 5 : 1 • :lhor o naligno.ncy is asso ciat ed, ho11cver , males 

have a 3 : 1 pr edor:iino.nc s; ( Pearson , 1966) . 

The gene r a l s u s c eptibil i ty of female Negroes t o conne c t ive 

tis sue d i s ons os i s a.gain ev ident with pol ymyositis. Cobb hns s hown 

tha t age - ad juste d U. S . morta lity da t a f or de r matomyos itis d emonstra t e s 

a non-whit e f emal e to whit e f emal e r a tio of 2 : 1 ( Meds go r o t al , 1970) . 

Ifodsgo r e t a l ( 1970) obse rve d an incidenc e in Ne gro f onnlos 

significantly di ffere nt from t hat in white f emal e s and four times great e r . 

It was also found that the incidenc e in Negroes of both sex es was 
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earlier and higher than in whites of both sexes, while in Negro 

females tho peak occurred a t older ages (fifty-five to sixty-five age 

group , compared with tho forty-five to fifty-four age group peak for 

white nnle, white femal e , und Negro nale pationts). 

Causativ,;, .. fur-pQ;the.130.s. of ConnectivP Tissuo Dise:::::ies 

In selecting pnranotc rs for t esting for associa tion with the 

distribution of the disease or diseases , unde r study , a r!o dical 

geographer utilises aetiological hypotheses postulated by ~edical 

reso.'.!rc~wrs . Therefore, a uedical geographer considers t hG g,Jographi cal 

evidence in r elat i on to oedicc:.l hypoth~ses (HcGlashan, 19T5). 

SLE 

The role of sunlight in precipitating ond aggravating skin 

lesions of SLE has been well docunented (Epstein and Tuffa.nelli, 1974) . 

Onse t and progression of the disease frequently follow ~xcossive sun 

exposure , and tho incidence of the disease has been found to be 

significantly higher in the spring and Surn;ior than in the winter. It 

is not clear, however, whether this is a basic cause of the disease 

or nerely a triggering factor. ~~reas cf the body not exposed to 

sunlight are sometimes involved and the process r arely clears with 

sinple elir:iination of sun exposure . Developnent in co~pleto 

independence of the effects of sunlight has been recorded (Epstein 

and Tuffanelli, 1974). Nonetheless, there is a suggestion from animal 
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work that exposure to ultra-violet light causes th0 r elease of altered 

nuclear oatorial which in turn results in tho produc tion of antibodies 

to this Lla t erial and so to an illness not unlike SLE. 

Tho r e l a tionships of SLE to s ex , to c8rtain ethnic groups 

(Siege l ot nl, 1962; Si egel and 1 00 , 1973; Dubois, 1974b; 

Duboi:J ct al , 1 ~!74 ) and to fo.uilial occurrc:mces of the dL,oaoe 

(Duboi s , 1974b) have suggested environmental or geneticclly 

detcr nin0d factors in this disorder. Studi os of the NZB x NZ .i 

hybrid r:i i co which deve loped a very siuilnr disease suggest s a 

conplex pat t orn of inhori t o.nee '.ls noi ther parent develops tho florid 

diseas e , yet this occurs cor.s i stentl y in all the hybrids (Holyc r and 

Howie , 1963) . 

Poly~rteritia Nodoso 

Inappropriate i r..>L1une r esponse has been postulated .'.lS the cause 

for this diseo.se . Usu.::illy an a ller gic r esponse souet i!J.es with an 

increase in esoinophil cells in the blood and o. goner a liLlod dauage 

to the blood vessels is assunod in the allergic angiitis of Zeek 

(1 953 ). Tho connonest variety hns a more chronic r el apsing course in 

which t he r e is no specific evidence of allergy and this is the lo.rged 

sub-group and the oost difficult to distinguish fro~ SLE. The same 

aetiological possibilities arise fro n this disease as SLE. 

The possibility of a virus, and eootional and physical stress 

contributing to the aetiology of this disease has been uooted 

(Wigley, 1970). 
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Sclerodcrma 

Information on the causation of this disease is very raoagre. 

Occupa tionru. exposure to silica dust has been postulated as a possible 

contributory cause of scleroderma , Erasmus (1957) drew a ttention to 

the increased incidence of this disease runong gold minor s in South 

i·i.fricn, uhilo also noting a r eport by Br ar:i.well ( 1914) of scleroderna 

among Scottish stonenasons . Rodnnn ot a l (1 967) found t hat twenty-six 

of tho sixty oen i n their survey with scleroderna had been coal 

ni nors or engage d f or long pe riods of tirae in other occupations in 

1thich t her e was prolonged and heavy cxpgsure t o s ilicious dust. 

Fremcnux ct al ( 1973) a l so observed n sinilar association. Mas i and 

D ' ,JJ.golo ( 1967 ) however, have a rgu0d agai nst silica cxposur~ a s a 

princ1pal f~tQr in causation, This s t u dy found n~ associa tion of 

the diseo.s€ with socio-ecenomic or occup.::i. tional fac tor s . 

Pol ymyosit i s nnd Dermatomyositis 

Thase di ::::v.,scs hcivo not been extensively s tudied fron the 
/ 

point of view of ae tiology. During tho collection of data 

for the present s tudy if was found that a m.u;1.ber of polymyositis 

patients had also boon adoit t ed to hospital with alcoholism. iJ.cohol 

causes a muscle damage which may be difficult to distinguish micro

scopically from polymyositis so that t he possibility tha t this is an .. 
error of classification arises (Pollock, 1974). This problem is 

being studied further. The alleged association with malignant 
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disease is r e f e rred to above . 

No opideniologic evidence of o. dire ct infectious ::i.gcnt or 

connunico.blo diseo.so aetiology w::i.s found in the patients surveyed by 

Eedsgor ct o.l (1 970) . Despite differcntinl r acial incidence of the 

dise nso , no socio- o conor.1.ic or othe r environnent o.l associat ions ;rc re 

es t ablished . 

,i though o. few reports of oul tiplc occurrence of the disuo.so 

in thl: sane f c..nily and in twins (Laubie and Duff , 1963) h .we bce:i,. made, 

in two l a r 0e serie s family aggregation was not f ound (Barwick and 

Walton, 1963; Pearson, 1966 ) . 

Exposurc to sunl i ght has been postulo.t8cl ::i.s a precipi t ,'.'.t i ng 

fr~ ctor in the occurrence of this dise::i.se ( Barwick :md ilalton, 1963) . 

Tho purpose of this resca rch vras to test o. mrnber of 

hypotheses , and where applicabl e coopar e t ho r esults witL thos e 

obtained in overseas studios . The scope of t ho c onsequent m1.c.lysis 

was d et e r nine d by the nature and r eliability of t he da t o. CLvail i.:!.ble . 

It is therefore, i nportant to t ake cognisance of the data base us ed 

in this nedical geographic study of connective tissue diseases 

within the New Zealand environnent . 
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CFLU'TER TWO 

THE DATA BA.§! 

Due to tho naturG of the data available, the methods employed 

for collection ::ind verification of da t a, nnd tho subsequent refinement 

of the data into o. form suitable for a. medical geogr aphic ano.lysis, a 

i,;cu Zealand wide survey could not be c onducted. 

Tho area of study, t herefore beca me (Fig . 13): 

a) th.'.l.t area of tho North Island of rJou Zealand south of , but 

includinc- , D.'.l.illlevirkc County to Cook Stra it; 

b) and tho total o.re::. of tlw South Islru1d of l.0w Zealand excluding 

the provinces of Ne lson and ~es t Const . 

This area conto.inccl, at thu 1971 Neu Zealand population census , 

42 . 8/b of tho total I.cw Zealand popul.::-,tion . 

'.I'he study was a. retrospoctivo survey covering the t:i.uo pc, riod 

from J anuary 1, 1950 to •• ugust 31 , 1973 (inclusive ). 
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LOCATION OF THE STUDY AREA 
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ifortali ty and Horbidi ty 

Two types of basic me dica l diagnos tic informo.tion o.rc avail abl e 

to t he; medica l ge ogr aphe r for analysis , These a r c: 

n ) d~,to. pe rtaining to rlouths fr om C.:\ disease or oth0r cc:.us c calle d 

r.1orto.lity do.to.; 

b) c.nd morbidity dc.:. t :1 which is conce rne d wi t h illness or sickne ss 

suff orcd f r om a dis ease or s omG otho r c .:iuso , Thi s muy b0 e;zpr ossod in 

two wo..ys : e i thor by incide nce , ,hich is a moo.sur e of the ;__; ttf'. ck r ·..:. to of 

a di sease or some othe r cc::ius c , r epr e s enting tlk number of 1~eu cu.sos of 

ct condition or cl iscaso in a given population during a s t at,,ci. p,JYiod of 

time: ; or by preval ence of :i diseas e or condition , which :L:.:, tl:c total 

nruu1x) r of existing cases , old ::ind new , in u defined po0~10.t ion a t 

a stated timG or ove r a s t ated period of time (Hill , 1966) . 

'l'his pr o s ent survey was conce r ned with morbidity r a ·c1,() r ·cho..n 

mo rta lity data . Tho f actorn i nfluencing this decision w,:r c tl~o. t: 

a ) the uncommon occurrence of connuctive tissue: disea:~cs in 

popul.:1tions would result i n a diminishecl numbe r of cases in tho survey 

i f only morta lity figures were included; 

b) in view of tho c hronic naturG of the diseases involved , r:iortality 

data would not furnish i nformation pertaining to the spacio-torJporal 

location and ancillary data of pa tients when they were exposed to 

tho rink of contracting connective tissue dis0ases; 
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c) these diseas es affect more thnn one part of tho body so they may 

mimic other diseases . Ther efore a death certifica t e may not specify that 

a pat i ent was suffering from conne; ct ive tissue disease , and thu:3 an 

' under-recording ' of this type of diseas e woul d occur if mortality 

data uas used as the base information f or this study; 

d) tho l abor atory o.nd clinica l information necessary for constructing 

tho scoring s ystems , used t o confirr;:i or r o j oct tho dia €-.,'!10s i r_: of 

co1me ctive tissue disease fo r a r>ati ent , could not be obt ::i. i ned f rom 

mort ality da to. . 

Sour ce of Medical Morbidity Data 

'l'he r '.lr i ty of conne: ctivc t i s sue dis em; cs. a nd the lc:.ck of a 

pr etcti c;:il mass- screening t ent pr e cluded direct po pnl a tion .Jampling 

for s,w poctocl cases . _·,. s ample size for such 3. survey ma y b~ as lar go 

as ha lf a million indi vidual o . If o.11 pL!. tient s with r c quis i t o symptoms 

sought medica l attention and all W8ro a ppropria t el y classH i ed the 

ideal uould be a chieved . The nature of thes e diseases pr esents some 

diff i culty for precise classificat i on and, thcrefore , until connective 

tissue diseases are fully developed they may escape appro1Jriat e 

classifica tion. 

Since the diseas es are chronic and in gener al progres s ive , 

almost all patients with overt disease will , at some stage of t he 

disea se development , be admitted to a hospital to be fully s t udied and 

eventually classified as having definit e or possible disease in one of 
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those catogo rios. Thcreforo, tho search for cases depended on n roviow 

of clinico.l and laboratory reports from all available sources . l!,or 

connective tissue diseases those problems havo been reviowod by 

Tledscor et a l ( 19 70 ) • 

It is es timated that ut l o3.st 81 .1 por cont of patients tro.:ited 

in lJ01, Zeal.:ind hospi fals aro treated in .:i public hospital (Ledico.l 

Statistics He port , 1969 o.nd 1970 1 Po.rt III). The r r;:Hrro. ininc p{,tiont.s 

:.:r o troatod within tho privo.to hoopi ta.l system, Hhich has :., strong 

bi as toward surgical .:ind short torm medi ca l co.sos , Tho nnjorit~r of 

the most fully dovo lopr::d case;s of corinc.: ctivo ti:..~suo discns :.;;s , thor ofor e , 

are treate d. Hi thin the liei,; Zoo.land public hos pi tul sys tum. 

It uas bolievod that almost all rx1.ticnts admitted to l)rivato 

hospitals in tho first episode of their discaac would be :.,dmi ttod at 

somo stage to a public hospitc.l as tho disorn:io became chronic. 

Principc .. lly this would be duo to tho lon.; duration of trcd;!uc,t involv0d 

Hi th thos,3 diseases, and tho consequent financial e:xp811So :::·equircd to 

sustain o. pat i ent in a private hospital. Some patient s, ~rnwevc:r , would 

never bo ad.mi tted to a public hospital . While no follow--up or 

assessment was made to ascertain the exact co.se total of those patients 

admitted to private hospitals with conne ctive tissue disoases 1 in 

preference to a public hospita l, it was believed that tho 

total would bo minimal. 

Thus, it was deemed justifiable to uso as the primnry nedi cal 

data source a patient's hospital case history available in th0 public 
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hospitals 100dical records department. Therefore, case history records 

of patients admitted to tho public hospitals within the defined study 

area , 2.Ild during tho designated time period , nnd showing a diagnosis 

at admission of systemic connective tissue diseases , including SLE 

(I.C.D. 734.1), polyartoritis nodosa (I.C.D. 446.0) , polymyositis 

(I.C.D. 716.1) and dermatomyositis (I.C.D. 716.0), and scloroderma 

(I.C.D. 734. 0 ),werc retri eved aad examined . 

Generally, retrospective studies of medical records aro 

unsatisfactory (Doll, 1959; Case and Davies, 1964), but the prolonged 

course, high mortality, and compl exity of those diseases presont a 

challenge to tho physicinn in diagnosis and man2gement . This results 

in unusually full r ecords being kept over long time periods, availing 

more complete cc.so histories to the rusoarcher than is general with 

studies of this nature . 

Collect ion of Morbidity Data 

.:.~ special data shoot was construct ed to fncili to.to tho trnnsferroncc 

of data pertinent to the study from an individual 's c2sc history to 

computer cards for use in the l ate r analytical stage. Provision was 

made on the data sheets for inclusion of sel ecte d 'medical geographic' 

p:i.rameters. The results of laboratory tests, and patients' symptoms 

were to be r e corded on a coded checklist. The patient's disease 

diagnosis on · discharge from the public hospitals was also to bu noted. 

(Appendix B). 

To obtain the requisite information each principal public 

hospital in the study area was visited (Appendix C). 
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Gleaning the ' medical ' data necossitated tho r oadinc of ench 

case history by a qualified physician 
1

, whi12 the ' gcogrnphic I datn 

wn:.:; obtn inocl from the admiss i on forn, and tho disch::i.rgc; or death 

certificates of each patient . 

Tho medical gcogr:::i.phor ' s ubi quitous problem of data 

insufficiency and tho inher ent i nnccuracios of recorded data wore 

confronted . Tho infonna tion t hat could be obtained concerning a 

patient was lirni to d to that which had been requested on the lH.lnis:Jion 

form . Tho p2.rruncters of pl a ce of birth ( whether in New Zealand or 

outside of this country), how long in New Zealand ( if a p,::. tiont ha.d 

not boon born in thi::i count ry , or was o. Hou Zonl;:.mdcr roturnine ' homo') , 

and occupntion wore frequently not fille d out on the form . ,.1 though 

provision wns mnde for a r,at ient ' s 'race ' to bo included on the 

ndmission form, ther e \ms no definition gi vcn as to what crite ria a 

patient ri.1.ust fulfil i n belongi ng to a particular r acial group . Thus, 

lX!,t i cnts wore nt l i berty to s t c.to whet 'ra ce ' ti1cy considerod them-

sol vos t o be po.rt of . Tho non-inclusion of a fc.onlcs ' mnid,m ' nru::;c 

proved to an espe cially burdensome omission in the :.mbsc r~nont research . 

Uhother a patient wa.s dead or alive at the l o.s t en-try in a 

case history could not be relie d upon as o. true assessment of tho 

mortality of the disease s . This entry may ho.ve boon placed somo yonr s 

prior to this survey , and a pat ient may have died in the ircterim. 



Diagnostic Confirmation of Definite C.::i.ses and the Reduction 

of Physician Bias in Recording 

11 3. 

Genornlly , all medi cal diagnoses contair1 a subjective clement, 

and there ar c nearly always some cases which will bG classified 

diffe rently by differ ent observe rs. Since the specific aetiology and 

·pathogenesis of connective tissue diseases are not known, 2.nd since they 

hnvo such protean clinical and laborntory mnnifostations , the 

identification and dia gnosis of those diseas es are not always made 

Hith the samo criteria by physicians with varying frnrnos of r ef e r ence 

C:.ncricnn Rheumatisr:. ,-..ssocia.tion, 1971). It ;ras , ther efore , cssenti.:.ll 

in t he present study t o att empt to r e duce tho possibility of observe r 

error to a r:J.inimum nnd t he r eby louor t h(., risk of i ntroducin.::; bia.s into 

t he results. 

To c.chieve :1 uniforr: classificat i on of patients through tho 

study a.r e~ , ~ single physician2 produced a second diagnosis bnsed on 

his inte rpret a tion of tho !ilcdical cvidcmcc ns pre::::entc cl i n n patient I s 

co.so his tory. This r oducod,somowhat , bins preva iling in the classification 

of the initial dingnosis, by applying uniform critical criteria for 

definite case identification to all cases discharged from a public 

hospital uith a diagnosis of connective tissue disease. Cases other 

than those pronounced 'possible' or 'def inite' from this ~othod were 

eliminated from further analysis in this study. These comprised 

26 per cent of the initial number of cases in the survey. 

~ second technique was instituted to reduce any local or 

subjective bias that rNly have permeated into the former sta ge, na well 
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as to lessen still further any diagnostic bias in the initial 

recording. In this phase , the stringency of the criteria er.1ployed 

were such , that the critical level for achieving a 'definite' (that is , 

a ' positive ') classification was that which would have the e-reatest 

accord amongst diagnosing physicians . 

An objective analysis of the clinical data incorporated into 

the data sheet leading to a precise classification of the diseases was 

accomplished throueh the employment of s coring systems ( see appendix A ). 

For SLE the system utilised was that which had been developed by the 

.American R..heumatism Association (1971) in which a definite diagnosis 

is made if a patient scores four or more of fourteen maDifestations . 

Similar systems were developed for the other connective tissue diseases 

so they could be categorised in the same manner. 'rhe scoring is not 

used as a measure of degree of scveri ty , as almost invariabl:y once a 

patient has accumulated a score of four steriods, or other eff e ctive 

medication Das been used the score may not increase further and may 

decrease . 

The respective scoring systems uere programmed for the computer3. 

The punch cards containing clinical data were thereby able to be 

analysed with scores being allocated with regard to the number of 

positive criteria exhibited by a patient . 

The resultant 'computer diagnosis ' categorised positive 

diagnosis into one of five disease groups classified as follows: 
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for SLE; 

2 for polyarteritis nodosa (PN); 

3 for scleroderma (SCL); 

4 for dermatomyositis (DMS ) , and 

5 for polymyositis (PMS) • 

These scores we r e then compared to the or it;i nal physici ans 

diu.gnosis and the scor es adjusted until , by t r ial and error, the best 

fit was achieved (degree of fi t). 

A number of cases present ed positive features of one or moro of 

the diseases , but di d not score (four or r:io re) suffici ently to be 

included ac a positive case in one disease category . Wher8 this 

occur red and t he combined total s core from features in al l disoases 

was five or highe r, these cases were included into .:1 category 6 labelled 

'combination '. This group was not cmwidered separately in the analys i s , 

but was included as part of the total conne ctive tissue disease 

classification . 

Cases that did not score the requisite number of pos itive features 

by t his analys is we r e cons ider ed othe r than 'definite ' cases and were , 

therefore, excluded from the study at this point . 

Admission and Onset 

Due to the insidious beginnings a nd ill-defined early course of 

connective tissue diseases, previous studies investigating epidemiological 

aspects of these diseases have utilised the spacio-temporal distributions 
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and ancillary data, as nt a patient's date of' def'inite diagnosis 

(Siegel, et al, 1962) . In the Nen Zealand study, date of' def'inito 

diagnosis was marked at the time of admission t o hospital . 

This approach presuppos es, however , tha t the spacio-temporal 

definitions of' patients at diagnosis and onset of' symptoms ar e tho 

same, The chronic nature of' these diseases, and the f act that they 

can mimic other disea ses until fully developed, may moan that 

connective ti ssue disease s can remain undetected until dof'inito 

diagnosis is rrade ; nonetheless, tho p-, tient is presumed to bo 

suffering f r o~ such a disease f r om the time of first symptoms. 

Wi thin the context and a ims of t his study it was of critical 

import ance that t ho medical geographic data utilised be onl y that 

nhich pertained t o the onset of sympt oms of the disease . If the 

incidence of a disease is in sor~e way co-rel ated with the environment, 

it will have been prior to, and at onset, th11t a patient was a t 

greatest risk t o contracting tho disease . Similarly, tho appropriate 

environmental factor or factors is/aro presumed to have been a t 

maximum operational effect a t the same time, either as causative 

agents or as precipitative factors . Duo to the chronic nature of 

connective tissue disea ses, these exogenous f actors may no longer be 

of aetiological importance or relevance at the date of definite 

diagnosis . Spurious findings a s to a disease-environment r elation

ship may result from an analysis taken only at date of definite 

diagnosis . 

Establishing time of onset of symptoms for connective tissue 

disea ses can be a difficult problem. In this study, time of onset for 
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all patients was determined by the reading (by n single physician) of 

each individual case history. This r educed any bias that wouJ.d have 

occurred from a number of physicians placing time of onset; i n this 

study uniform criteria wore applied to al l cases. The designated time 

of onset Has considered to be when the first symptoms, which the 

physician considered couJ.d be due to connective tissue disease , 

occurred . 

Therefore, in this present study , some patients uith connective 

tissue clisenso , who wore admitted to public hospitals within tho 

study ~rea und time period , may have had their first symptoms prior 

to January 1, 1950 . 

Confirmation of Location at Onset 

'fo confirm a patients spatial locat ion a t the time of oEso t of 

symptoms wns, therefore , nn 0ssential factor in this resc ::,rch . The 

address provided on tho hospital admission form wns t hat from which a 

patient had ent e r ed tho hospita l. It was not valid, however , in the 

context of invest igating causal r elationships be tween tho environment 

and diseas e , to assume that it was at this location that a patient was 

exposedto risk of contracting a disease . 

Verification of a patients address at onset was a principal 

difficuJ.ty confronting this survey. Two sources were utilised to 

establish the spatial location of a patient at time of onset : 
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annually by the New Zealand Post Office; 
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b) and the gener al el ectoral r olls which are published every 

three years. Although in a constant process of compilation, this 

source ma terial remains unpublished in the interim, except for a 

suppleme!lt issued for the period be twe en the closing of the general 

roll and the time of a general election, 

Those sources wor o consulted for those years in which onset 

had been t aken to have occurred, Ne ither would, however, enable 

compl e te confirmation of all patients residence at onset. 

Assumptions had to be made in the consultat ion of this material: 

a ) youthful patients (those under tho age of r egistering on the 

general electoral rolls, or those who did not have a listing in a 

telephone directory) wero assumed to be living with parents . Therefore, 

if a patient of this age stated a particul a r address from uhere 

admitted to hospital, and at time of onset a person of similar 

surname was listed as r esiding at this same address , either in a 

telephone directory or on the general electoral rolls, the address of 

the patient was assumed to be the same. The patients location at 

onset was , thus , deeme d to be confirmed; 

b) married women, whose admission address correlated with a listing 

(presumably the mal e head of household) of the same surname at the time 

of the patients onset were therefore, considered to have had their 

onset address confirmed. 

... 
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Despite these assumptions,a patient's address at onset could 

still be unconfirmed , This may arise in the following situations: 

n) whe r e onset went further back in time than 1950. Trucing 

addresses by t elephone directories would be hazardous because of the 

l esser numbers of households, at t hat time, with a telephone 

conne ction; 

b) a patient living with other persons in a flat , which did have 

a t elephone connection , may not be 'confirmed' as the listing was in 

the namo of a 'flat-mate'. 

Verification of t hose patients whose onset address remained 

unconfirmed from consulta.tion of telephone directories , was attempted 

throuGh reference to t he gener al electoral rolls .:md supplements . 

To be eligible for enr ol ment on the general electoral rolls 

of IJe i,1 Zealand a person must fulfil the following criteria : 

a) they must be a British subject; 

b) they must have r es ided continuously in New Zealand for a 

period of one year or more; 

c) they must have resided in an electorate in which a vote may 

be cast for a period of three months or more;5 

d) have attained the requisite age qualification, which during the 

period of this survey has been lowered from twenty-one years to 

eighteen years of age. 
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The assumptions taken in regard to telephone directories were 

held to apply to the general e l ectoral rolls, especially to those 

patients under the age of r egistration for enrolment . 

No confirmation of onsot from consulting this source would be 

attained in tho following circums t ances: 

a ) although enrolment i s a l egal r equirement in New Zealand, it 

i s in fact not compulsory to do so . Few convictions ar e made of 

6 
persons fulfilling the criteria , but negle cting to enr~l . Ther efor e , 

it is f easibl e for the names of patients in this survey not to appear 

on the e l ectoral rolls , mid t hus r emain with an unconfirnicd onse t 

address; 

b ) those patients , under the -'.lge of r egist r a tion , and Hho ·rer e 

living away f rom the ir 'home ' addr ess . This s ituation would dpply 

espe cially to t ertiary education s tudents . 

' Iil i gr ant' patients were a special cas e . If it wa s osto.b lished, 

f rom the case history , t hat such a patient had not been r 0sid0nt in 

New Zealand for a t l east two years prior to onset, they ',;rer e excluded 

from the survey . It would be possible for British ' migrnnt' pc1tients , 

who, although not fulfilling this criteria, would be included in the 

survey , because there was no evidence to suggest t hey weru from the 

country other than New Zealand . ' Non-British ' migrant pa t i ents, 

although living in New Zealand a t least two years before onset , were 

most likely to have onset address unconfirmed . Such patients would 

not be eligible to register on the electoral rolls unless they became 

' naturalised ' New Zealanders . 
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The frequent non- recording of a females ' 'maiden ' name on the 

hospital admission forms (although provision was made for this) was 

an especially prohibitive factor in verifying onset address . This 

applied to women who were ma rried at diagnosis but who , ~t onset , 

wer e single . The requisite information could not be obto.ined from 

the utilised data sources . The ramification of this lack of basic 

data was increas ed as connective tissue diseases have been found to 

be fcmo.le predominant. Therefore , n number of females in this 

category would r emain with an 'unconfirmed' onset address . 

Using t elephone directories ~nd t he gener al electora l rolls , 

the spatial location a t onset was found for 87 per cent of the pa.tients. 

Residential mobility was cons idered as a possible fo.ctor in 

mo.king the confirmed onset o.ddress ina.ccurat (, . For exampl e , ~ patient 

may have resided a t the confirmed ons et address only o. s hort time 

and lived for the mo.jority of tho prior period in an aro~ removed 

from that site . The problem, therefore , is this : when a patiellt ~Jec omes 

overtly ill is this from o. factor a t influence in tho present 

environment , or was it from something acquired at the prior 

residence? Thus , such a patient may not have been at risk at the 

onset addr ess , but at the earlier address . It is feasible, however , 

that the conditions dominant in the new locality may be sufficiently 

diverse from those prevailing at the previous address that t hey 

precipitated disease onset . 

The data on 'how long at present address ' was not obtainable 

from the hospital admission form or the case record . The supplementary 
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rolls were consulted in an endeavour to lessen the effects of patients 

changing address . But it was impractical to delve retrospe ctively 

into the telephone dire ctories and general electoral rolls in order 

to es tablish the duration of a patient at onset addr ess . One could 

not, therefore, distinguish between a patient who had lived at an 

address for four months , and on-..: who had lived at an address for ten 

years . Two assumptions were made: firstly, it was assumed that a 

patient's confirmed address at onset was tho address at which that 

p.'l.tient was exposed to greut est risk of contracting connective 

tissue disease ; and secondly, if a patient had not pr eviously been 

located in tho study urea at the time of onset , it was !:l.ssumcd that 

there h!:l.d been no chnngo in residence if time of onset W!:l.S within one 

year (twelve months) of the time of diagnos i s . 'rhese p-2tients were , 

therefore, included into the total case numbers. 

All patients who were not located within the ntud;/ ar ea at the 

time of onset and who had n time difference between onset and diagnosis 

greater than one year , were excluded from the survey . 'I'l:cse co.ses 

comprised 5% of the case numbers remaining in the survey ~ftor the 

physician had eliminated those cases which were not 'poss ibl e ' or 

'defini tes 1 
• 

Communication with Patients 

Personal contact with individual patients may have alleviated 

some of the dat a insufficiencies confronting this survey. For example, 

a patient may have provided information concerning the duration of 



resident at pl ace on onset . Such an approach, however, was not 

c onsidered t o be practical. A numb er of the case histories 
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contai ned inf'orrnation which had been compiled some time prior to the 

institution of t his s tudy and would, t herefore , be out of <lP. t e. 

Conta ct with patients was not always guaranteed a s some had died a t 

l ast r ec ording, while others would have died since the l ast r ecording 

in the case hi story. 

Communication rtl t h physicians .-:ould not al ways lead to 

re quested information being pr ovided. In some i nstances case records 

may have been des troye d or were out of da.t e . 

Case Number s 

With r egard t o the methods employed in redefining the numb er 

of cases t o be handled in t he analytical s t age , tho following pati ent 

case numbers were enum8r atcd : 

(a ) the t otal number of ca ses att aining a ' s core ' sufficient to 

allov: a I comput er diagnosis ' of connective tissue disease , with 

address at onset established, was 266 _: 

(b) of this total, the individual cnse numbers with the re spective 

disea se subsets were : 

( i) 

(ii) 

(iii) 

(iv) 

SLE - ninety-eight (98) 

polyarteritis nodosa (PN) - fifty-four (54) 

scleroderma (SCL) - fifty (50) 

polymyositis and dermatomyositis (PMS/DMS) -

:f"orty-seven (47) 

(v) and a group of seventeen (17) who did not score 
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sufficiently to be diagnosed in one individual 

disease cntegory , but which could be r egarded as 

belonging to tho general connective tissue disease. 

Population-at- risk 

A population-a t-risk is defined as the aggregat ion of those 

individuals who are ci ther potentially subject t o , .:md t he reby 

' at risk' of con trncting , the pL, thologic or disease phenoraenon under 

consideration, or those who are exposed to the sal i ent aetiological 

f Gctor being considered (Banta and Fonaroff, 1969) . In the present 

s tudy this t e rm refers to an enumerat ion of the ' healthy ' popul.:i. tion 

a t risk to contracting o. disec.so resident withi n '.l specified a r e.:i.l 

unit . 

The population-at - risk statistics utilised in this study were 

obt~inod from the successive New Zealand Census of Population and 

Dwellings r0ports (vol . 1), published every fi vo years. 

Popul ation-a t-risk a t tho C~u.nty level 

Since 1950 a number of counties have changed their boundaries, 

while others have amalgamated with adjacent counties . To establish 

a uniformity of areal units and county identification thr oughout the 

time span of this survey, the following procedure was adopted: 

a) the names of counties as at the 1971 census were CTaintained 

throughout the time covered by this survey; 
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b) a llowan~ was made in the .number of the population-at-risk 

whore a oounty was amal gamated, or where county boundaries wer e 

altered. Tho census data cf tho year of tho census was used a s tho 

baso population, and by adding or subtr acting t he proportion of 

change in tho population of a county shovm in tho succossivo census, 

tho original popula tion- o.t-risk could bo adjusted. Ther ef ore, for 

tho purpose of t hi s study, the county boundaries did not change 

during the tiI!lo span of t wcmty-throo years covered . 

Population- at-risk nt t ho Hospital Board Scale 

Al though t ho popub .tion- at-risk f' or each Hospi tal Bo,qrd 

in the study ar ea was ava ilable (Depart ment of Health, Me:dica~ 

Sta tistics Report . Part III), it wc.s docidud thl'..t tho c ounty 

popul l'..tion:=i - at-risk within a Hospital Board District \7ould be 

aegrcgQt cd t o qchievo tho Hospita l Board population- at-risk . For 

exampl e, t he popul nt ion- at -risk of t ho Otago Hospital Boar d District 

in t his study was tho combined population- at-risk of t he Waihemo , 

Waikouai ti, Taicri, and Tuapeka Geographic Counties . This would 

moan tha t t he study area population- at-risk would bo constant a t 

all ar eal sca les. 

Population-at-risk a t the regional scal e 

The population-at-risk of the l argest ar eal unit in this 

study, was obt ained by aggregating the population-at-risk of each 

o~ the Hospital Board Districts within that 'region'. 
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Base Map and Sources of Ma~ 

The base map for this survey was that dravm by the Department 

o~ Statistics and included with the report N.Z. Census of Population 

and Dwellings, 1971, Vol. 1. 

The source for figures 14 to 72 and all t ables, except Table VI, 

was the Field Survey of 1975. Figure 13 was adapted from the 

Department of Health's publication Hos;eital Statistics of N.Z. (1972) 

and the Department of Statistics report N.Z. Census of Po.Eulation and 

Dwellin@, 1971, Vol. I. 

The data base was the refore formed with a number of in-built 

assumptions. In the context of this study and the uncorrnnonness of the 

diseases each of these were considered valid and justifiable. Every -

attempt was made to r educe t o a minimum the possibility of spurious 

results accruing from biased data. The analysis, however, had to 

be conducted with due regard to the knowledge that bias may still be 

or have been present which could not be reduced by the methods employed. 

Footnotes 

1. & 2. Dr R.A.D. Wigley assisted by Sister Fowles, of the 
Palmerston North Medical Research Laboratory. 

3. These were written by B. Reay and P. Hill of the 
Palmerston North Medical Research Laboratory. 

4. Dr R.A.D. Wigley assisted by Sister Fowles. 

5. This has since been altered to one month or more 
residency period in an electoral district. 

6. Personal communication with the Registrar of 
Electors, Palmerston North. 



CHAPTER THREE 

THE SPACIO-TEMPORAL DEFINI TION OF CONNECTIVE 

TISSUE DISEASE 

127. 

The pri ncipal tasks of the medical geographer are t o 

determine where dis eases are located and to re l ate these distri butions 

to other spatially varying factors in t he environment (McGlashan , 

1969c,1972b,1973). It is of fundamental importance that the location 

of ill-heal th is known with confidence before embarking on either 

associative or diffusion studies. 

The a im of this chapter is to def ine the temporal changes 

and spatial vari ations in the occurrence of connective tissue disease 
, 

( CTD), collectively and severally; and t o distinguish those ar eal 

units or time periods which experienced either statistically 

signifi cantly hi gh or statistically signi~icantly low numbers of 

morbid cases compared with the rest of t he study area or the total 

time duration of the survey. 

Method of Analysis 

The analytical methodology of t his survey has been employed 

elsewhere in medica l geography (Harrington and McGlashan,1 973; Haring

ton et al 1974; McGlashan,1972f,1974d; McGlashan and Gatenby,1974; 

Rose and McGlashan,1974) and broadly introduced above in Part One , 

Chapter Three of this study. 
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Spatial Analysis 

A three level method of analysis was used to define the 

spatial distributions of these diseases, The foundation stage incor

porates dot distribution maps illustrating the exact spatial location, 

at onset, of the morbid cases recorded in t his survey . 

To avoid the inherent deficiencies of such a techniriue, the 

numbers of morbid cases occurring v;ithin a specified areal unit have 

been ' rated ' against a popul ation-at-risk living within t hat spatial 

unit at the time of the taking of the 1971 N.Z. census.1 Several 

methods have been used in medical geography to minimise t he possible 

effects of the age and sex constitution of areas on t he r esultant 

mortality or morbidity r ates . Standardisation is generally carried out 

by mathematical comparison with a selected wider population group as a 

standard (Hill,1 937,1966) . Whil e t he present study does not utilise 

these procedures, full allowance is made for local population age 

structures through the use, at the next stage, of the Poisson 

distribution in which th e population structure for t he to t,-_:i,l study area 

has been a ccepted as the 'standard' or 'norm'. This s tandard is used 

as a comparative basis upon which to ca lculate how many morbid cases 

would be expected in each lesser- sized population unit (McG-lashan and 

Chick,1974). Therefore, only crude incidence rates (the ~umber of 

morbid cases per 100,000 population- at-risk within a specified area ) 

were calculated. Class intervals were selected by scatter diagram 

(or dispersal graph) to emphasise distributional discontinuities in 

space. Any gradient patterns of morbidity within the study area may, 

thus, be discernible. As diseases are not limited in their occurrence 
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to administrative boundaries these have not been drawn in. 

It is, however, inadequate to use only variations of 

incidence r ates as an analytical method in medical ge ography 

(McGlashan, 1974d). Widely differing populati 0n-at-risk sizes produce 

incidence r ates tha t are not of comparab l e reliabi l ity and therefore 

do not present a valid comparison. Rarely will disease cases be 

evenly dis tributed across a landscape at a constant r ate of incidence •. 

A degr ee of 'random chance' will prevail and lead to some irregularity 

in the distribution for which no ' explanation' should be sought. A 

high r ate of disease incidence in a specific area or time period does 

not presuppose t hat a poss ible rel ationshi p vn.th 'causative ' or 

' pr ecipitative ' factors will be discovered i n consequent r e s earch; 

all that has been est ablished is t hat such a r ate i s pr esen t i n that 

particular area or time . Until t he absolute case number s can be 

shown to deviate at a s t atis tica lly s i gnificant l evel from those 

attributable to the overall 'norm' of cases expected in the gener a l 

population, local ca se va riations may be put down to the oper a tion of 

chance f a ctors (McGla shan, 1972a ) . 

Armstrong (1969) has urged medical geographers to use the 

s t andard deviation (s.d.) of standardised morta lity r atios (s. r .R. 's) 

from the selected norm (which is 100) a s a method for a ssessing 

significance. This measure has , however, been found to be unsuitab le 

for use with small numbers of ca ses (McGlashan and Chick, 1974), and 

S. M.R.'s cannot be computed for areal units which record nil 

mortalities or morbidities. As the case numbers in the present study 

were small, with some areal units recording no cases, t his method was 



130. 

not employed. 

The test of statistical significance used in t his study for 

recognising areal units and time periods with a number of cases 

observed statistically signif'icant above or below that which could 

reasonably have occurred by chance is the Poisson distribution. 

The method for employing this technique in medical geography ha s been 

documented by Choynm·rnki ( 1959), White ( 1 972), McGlashan ( 1 974c, 

1974d), and rfoGlashan and Chick ( 1974). This distribution is used to 

compare t he number of ca ses 'observed ' against the number of ca ses 

tha t would be 'expected ' in order to test whether any s ignificant 

local variations f rom the overall r a te a r e occurring (Appendix D). 

Unless othen7ise specified all tests for significance in t his ,-,ork 

have been by use of the Poisson distribution. The present cartogr aphy 

for t he 'significance' maps ,ras designed to emphasise only statis tica l 

significance, whether ' high' or 'low', ,•,ith the near-to-normal a rea s 

('norm') left plain. 

Once areas of significant statistical variations have been 

established, attention should focus upon t hose areas whicb have 

extremely dissimilar levels of sta tistical significance. That is, 

further research is upon the tails of the distribution. The r ationale 

for this is that it should be within these such defined areas that 

potentially the greatest contrast in possible associative factors with 

disease occurrence will be found. Further analysis of ar eas which have 

disease incidence close to the norm can thus be eliminated and 

resources concentrated upon the statistically significant areas.· 
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There existed a possibility that this analysis may yield 

spurious findings resulting from the effects of random factors 

associa t ed with the selection of one specific population-at-risk, 

that of 1971 (Appendix F ) , as the base for r a te comput ations . To 

lessen t he effect of 'chance ' results accruing, assessment was made 

of the consistency of the spatia l variations, a rising from the initial 

analysis, through the duration of the study time period. This was 

a ccomplished by re-analysing t h o data at the second and t hir d stages 

of t he methodology , but with calculations based on the population-at-

risk of the areal units a s at the time of the 1951 and 1961 .N .Z . 

census (Appendix F) • 2 The total number of diseased ca ses in the 

survey wer e used a t ea ch time poi nt for reckoning incidence r a tes 

and ' expected ' number s of ca ses, thereby achieving a measure of 

standardisation throughout the analysis . Too fen cases would have 

occurred prior to the tr.JO earlier time points for these to be used 

in the calcula tions with t he population- at-risk at the samo points. 

As incidence r ates will be influenced by the size and/or 

fluctuations in the population- at-ri sk , these could not adequately be 

used for an assessment of the spatia l consistency of disease 

varia tions in time. A more meaningful approach, and one which t akes 

account of such fluctuations aver time, was to statistically deter

mine the degree of correlation bet ween the rank orders of areal units 

a t the three time points of 1951, 1961, and 1971. Spearman's rank 

order correla tion test (Conover, 1971), denoted by r, was used in 
s 

preference to Kendall's rank order correlation test because of the 

fewer and less difficult computational steps involved . Throughout, 
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r was used to test the null hypothesis (H ) of no significant 
S 0 

correlation between the r ank orders of a real units at the 1951, 1961, 

and 1971 time points . The alternative hypothesis (H1 ) formula t ed was 

t hat there existed a significant correlation bet ween t he r ank orders 

a t the three time points. 

5% confidence level . 

The r ejection l evel for H ,m.s set at the 
0 

Tempora l Change 

Due to the unavai l ability of population census dat a for all 

scal es of ar eal unit, it was not possible t o compute and graph the 

inciden ce r ates for all years of the desi gnat ed time period . Instead, 

the occurrence of t he absolute CQSe numbers in specific years of the 

study period i,·ve r e calculated and gr aphed , a s vre r e the cumulative case 

totols with time . 

A second analysis vras conducted . Two time periods , with the 

1956 and 1966 population census as the r espective mid points, were 

designated: 

(a ) the first to include all cases which had onset of 

symptoms in the years up to, and including , December 31, 1961. This 

period included those cases with onset pri or to 1950; 

(b) the second period cover ed the years f'rom J anuo.ry 1 , 

1 962 to August 31, 1973. 

The null hypothesis (H) formulated for testing was that 
0 

the occunence of a disea se did not differ statistically significantly 

between the respective time periods . The alternative hypothesis (H1 ) 
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...-,as that the occurrence wa s statistically significantly di fferent 

b e tween the time periods. This H was tested for e ach disease subset 
0 

using the chi-s o_uare distribution test (Conover, 1971). The region 

of rejection for H was at the 5% conf'idence level with one degree of 
0 

freedom (di'= 1). 

A further null hypothesis (H ) was formul ated for tcr1ting 
0 

a t the Hospita l Boa rd District (HBD) sca le of area l unit - that there 

was no statistically significant a.eviation of' observed case numbers 

in HBD' s than those ocpected, if the morbidity r a t e for the study 

a rea in the respective time periods uas a pplied ub qui tously . This 

v1a s te s ted using the Poisson distribution te s t (NcGla shan, ': 974-c) • 

.Areal Units 

Three sca les of a re e.l uni ts wer e utilised for t ho :,pr..tia l 

and temp ora l analysis of the collected dat a . 

The sma llest units wore the ' Geographic Counti es' (Fig . 13 ) 

used by the N. Z. St a tis tics Department, (N. Z. Census 1971, -~nc~ 

and Loca tio~ of P 9.E._ul~i~~, Vol 1 ), to cover 

"both the county and a ny city, borough, or tmm di r.:1 trict 
which may be geographica lly within or a djacent to tha t 
county." 

These vary considerably both in areal extent and in popula tion-at

risk within their boundaries. The populations a re such, that chance 

variations in the occurrence of one or t wo case s may make a difference 

to local incidence rates, vrith tho consequence that cartogra phic 

portrayal may become meaningless . 
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The fourteen Hospital Board Districts (HBD) (Fig. 1 5) 1·1ere 

the second type of areal unit used in tho survey. These had 

populations- at-risk ranging from 2737 (Wlaniototo) to 320,915 

(Wellington) with a mean of 86,432, nhich greatly lessens t he effect 

of random noise vhen seeking spatial diffe rentiation. 

A third area l unit of groupings of s peoifi c HBD' s was 

contrived purely for this analysis, and l abelled 'regions'. Thos e 

regions -.7er e 

I. which includes the combined area of Palmerston North 

HBD , t he Dannevirke I:IBD, and t he Wairar apa HBD ; 

II. which includes the areas of the 1'Tellington HBD and 

tlarlborough HBD; 

III. which covers t he combi ned a r eas of t he North Canterbury 

HBD , the Ashburton HBD, and t he South Canterbury HBD; 

IV. which includes t he HBD ' s of '?aitaki, Otago, Maniototo, 

Vincent, South Otago, and Southl and; 

V. which is all of that area of 'region ' IV, except for the 

Southl and HBD. This differentiation ~7as conducted because few cases 

were recorded in Southland prior to 1960 , and various staffing 

problems a t that time were experienced by that HBD . Therefore, it was 

justified to consider the 'Otago region' without Southland. 

Designation of these r egions was based on the loca tion of 

the five principal public hospitals (Palmers ton North , Wellington

Hutt, Christchurch, Dunedin, and Invercargill) and an assessment of the 

disease 1drainage •3 for each hospital, 



135 . 

By using three sca les of areal unit, greater sta tistical 

significance may attach to the l arger areas with the aggre ge.tion of 

data, but t he smaller units may be employed mor e precisely, through 

disaggregation of dat a to locate deviations from t he s tudy area norm . 

In t his l atter ins t ance it should be possible to determine, for 

exampl e , which Geographic Count y within a HBD is most con tributory 

to thGt HBD ' s s i gnificance l evel . 
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The Spatial and Temporal Definitions of Connective Tissue Disease 

A total of 266 ca ses of connective tissue disease (CTD) 

were included in this survey for medical geographic analysis. 0~ 

this number, systemic lupus erythematosus (SLE) cases comprised 

36.8%, polyarteritis nodosa (PN ) ca ses 20 . 3%, scleroderma (SCL) 

ca ses 18 .8%, and polymyositis and dermatomyositis (PMS/m.1s) cases 

17 . -r/o . A further group, defined as combination, contributed 6.2.{fo o~ 

the total ca se number. Whi l e t hese ca ses were. not studied a s a 

separ a t e group , t hey are incl uded in the absolute case total of all 

CTD's. 

In this a nalytica l stage of the r esearch, various hypo

theses vmr e formula t ed and t ested, by initially cons i dering al l CTD, 

A.nd subsequently focusing on the specific individual disee.se subsets 

of SLE, PN, SCL , nnd PMS/Dr1iS . The prime hypothesis under t e st Y,as 

that t here is a st atistica lly significant spatial varia tion and 

temporal cha nge in t he occurr ence of connec tive tissue di seas e , 

collectively and sever aJ. ly, within tho defined s iudy area and time 

period . Subsequent hypotheses were subsumed from this initial 

hypothesis. 

CTD 

The spa tial location of patients at time of onset of 

symptoms generally upholds the population-at-risk hypothesis , i.e., 

the greater the population- at-risk in an area the larger will be the 

number of cases of the disease occurring within that area (Fig. 14). 

A hierarchy of total case numbers by location was discernible which 
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corresponds to a similar hierarchy of the popul a tion-at-risk . 

The six cities of the study a r ea , with 58 .86% (1971 census) 

of the total population-at-ri sk, had 63 . 16% (168 cases) of the cases 

residing within their boundaries at disease onset (Table I ). 

TABLE I . Percentage distribution of total connective tissue disease* 

cases ,,,i thin t he main cities of the Study Area . 

City 

Palmor citon 
North 

Well ington 
Hutt 
Porirua 

Christchurch 

Timaru 

Dunedin 

Invercargill 

Total 

% of SLE PN 
popule.tion 
of study 
area ( 1971) 

l~ . 29 8 . 16 1.85 

21 . 93 

18 . 57 

2 . 34 

7 . 84 

3.89 

58 . 86 

15 . 31 29 . 63 

20 .41 20 . 37 

3. 06 3.70 

13.26 7 . 41 

2 . 04 3 . 70 

62 . 24 66 . 67 

SCL HftS/DI-;s 

4 . 00 10 . G4 

20 .00 

14. 00 

2 . 00 

18 . 00 

2 . 00 

Go .oo 

8 . 51 

17 .02 

4 . 26 

14.89 

4 . 26 

59 . 58 

* disease abbr Gviations are t hose used in t he t ext. 

CTD 

7 . 14 

17 . 67 

18 .42 

3. 38 
13. 53 

3. 00 

63 . 16 

Only Palmerston North and Dunedin r ecorded a substantially higher 

percentage of CTD ca ses within their area than their respective 

percentages of the popula tion- at-risk of the study area . 

Immediately below t his level in the hiera rchy are 

the secondary popula tion centers of which Ti maru registered 3.38% 

of the total ca ses, Blenheim-Picton 3.38%, Levin 3.01 %, Oamaru 1.88%, 

and Ashburton 1 .50%. Less t han 1% of t he cases resided in Masterton 

at the time of onset of symptoms. At the fina l disaggrega ted level 
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in the hierarchy, the minor popul ation areas generally registered no 

more than one ca se occurring in their areas . 

There was evidence of locational clustering of cases 

a t time on onse t about the major po:;_:ml ation centres, which serve as 

the location of the principal public hospitA.ls in the study a r ea . 

Approxima tely 8 2% of the total number of recorded cases of CTD were 

loca ted at onsot within a r adi us of 56 kmSof such centres, Palmer

s ton North's ' diseased hinterland' extends to Feildmg, Sanson, 

Shannon, and Levin, wit h the complete ar ea containing 1 2 . IJ-1% of the 

total ca ses. An ar ea about the 1.Vellington-Hutt Valley- Porirua Basin 

urban area , incl uding Paekakari ki and Raumati, registered 20 .67% of 

the patients . The Christchurch sphere of disease incidence, which 

recorded 19.92% of the ca ses , included Rangiora , Kaiqpoi and Dar

field . Smaller clusters were observed about Invercargill (5. 26% of 

tho tota l c2.ses) , and Timaru (4.88%). i, ;inor concentrations of dise:ise 

cases occurred in t he areas of Balclutha-Kaitanga t a , Roxburgh

Oturehua -Ranfurly (2 . 63% of tota l cases r esided within t his ar ea a t 

time of onset), and Dannevirke-Woodville-Pahiatua . 

Regional Units 

Aggregation of the data into the cont rived regions 

showed that there exists a distinct s patia l bias in the location of 

CTD cases at the time of onset (Table II). Only three regions 

recorded percentages of the total CTD casos in oxcoss of t he percentage 

of the total population-at-risk of the study area in the region. 

For region I this difference in percentage was 2.0J}&, while for 
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region IV it uas 8.47'/4, and r egion V 10.53)&. 

TABLE II . Percentages of the t otal oases of connective tissue 

disenses in each r egi on. 

~----
Region % t ot..,_1 SLE PN SCL PMS/Drs CTD 

population 
( 1971) 

I 14.13 19.39 9. 26 16 .00 17 .02 16.16 
II 28 .89 20.41 38 .89 24.00 17 .02 21+.44 

III 33. 12 28 .57 31 .48 20.00 25 .53 27 .07 
IV 23 .86 31 .63 20. 37 40.00 40.43 32 . 33 

V 14. 66 25 . 51 16 . 67 32,00 27 .65 25 .19 
~~-~- -~--- ---~----~~--~~----~----··---

Al though the Ot3.go- Southl '>.nd r egion (rv·) cont.'1. inE:d only 

23. 8}6 of t he total s tudy ar ea population- '!t- risk (1971 census) , 

-".pproximately one- third of P..11 CTD cases of the study P.rea r:er c 

located a t onset \7i thin this region . SCL and H::S/D.'.S cA.ses 

respectively comprised 23. 26% and 22 .09% of all CTD cases in this 

r egion, but 40 .0afo of the total number of cases of these diseases in 

the study area uere r esident at time of onset vn. thin t he r r)gion . 

Consideration of the figures for region V (Ot ago) suggests that it 

is t his ar ea which is t he contributory f actor for creating the 

int ense concentration of cases i n r egion IV . Region V r ecorded 

14. 66% of the total population- at -risk of t he study ar ea (1 971 census), 

but 32"f of SCL cases in t he study area and 27 . 65% of R'S/ll1S cases 

were resident in t he r egion a t onset . The case numbers of these t wo 

diseases , however , made up only 23.88}6 and 19 .4afo of all CTD cases 

in the r egi on, while SLE cases wer e 37.43'1/- of the total number of 

C~'D cases . Over all region V contained approximat ely one- quarter of 
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all CTD cases involved in this study. 

While no emphasis could be placed on such an examination of 

percentage figures it did, however, suggest tha t CTD and specif'ioally 

SCL and FMS/rn~s have a spatia l bi a s in their incidence. 

Calculations of crude incidence r ates corroborates this 

suggestion of a regional differentiation of case incidence (Table III ) . 

These r ates, however, should be compared to the r a tes for the total 

study area in order to a ssess the true importru1ce of any divergence 

from the study ar ea norm . 

TABLE III . Crude Incidence Ra tes of connective tissue disea ses per 

100 ,000 population- at-risk (1971) by Regions 

Region SLE PN SCL H!S/mrs CTD 

I 11 . 1 2 2.93 4 .68 4 . 68 25 .1 6 

II 5. 72 6 . 01 3 .43 2. 29 18 . 59 

III 6 . 99 4 . 24 2 . 50 3. 49 17 . 96 

IV 10 . 74 3. 81 6 . 93 6 . 58 29.78 

V 14 . 10 5 . 08 9 .02 7 . 33 37 .78 

For study area 8 .1 0 4 .46 4 . 13 3. 88 21.98 

A gradient of incidence may be noted , emanating from the 

lowest figure in region III, and extending north through regions II 

and I. An abrupt change in crude incidence r at es existed between 

regions III and IV, in the order of 11 .82 ca ses per 100,000 population

at-risk This differ ence became larger with regard to region V (19.82 

cases per 100,000 population-at-risk). While regions I, II, and III 

had small divergences from the study area norm (of crude incidence 
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population- at-risk, and for region V, 15.80 cases per 100 .000 

popula tion-at-risk. 
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Applying the Poisson distribution test to these r at es, 

only regions IV and V were found to have a sta tistically significant 

divergence of 'observed ' ca s es from those ' expected ' , Region DI, 

with 86 ca ses observed and 63.48 ca ses expected , was significant at 

the 9':1% confidence l evel. Similarly, r egion V, with 67 cases 

observed and 38 .98 cases expected, was statistica lly signifi cru1t a t 

tte9~ confidence level . Region I recorded a hi gher, but not 

statistically significant, numb er of observed ca s es (l-1.3 ) t han 

expected ca ses (37.57), vrhile bo t h r egions II and III recorded fewer, 

but not statis tical ly s ignificant numbers of observed cqses (65 and 

72 r espectively) t han expected cases (76 .85 and 88 .1 0 r espectively). 

Hospita l Board Districts (HBD 's) 

Disaggregating t he basic data n.lloHs one to be more 

specific in assessing whether th e spatial variation of CTD incidence 

at the r egiona l l evel is consistent at the lower sca le of a real unit. 

It further affords an opportunity to determine which HBD may be a 

contributory factor in the spatial bias of CTD ca se location at 

onset, which was evident at the l arger scale area l unit . 

Reinf'orcing the earlier finding of ca se groupings ab out the 

locations of the principa l public hospitals in the study area , 

80.45% of all CTD cases were found to be resident a t onset vri thin 

the HBD' s of Palmerston North, Wellington, North Canterbury, Otago 
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and Southland (Appendix E). The combined populations of these HBD 's 

represented 81.96% of the total popul~tion-at-risk of the study area 

(1971 census). The 0tago HBD, with 10.45% of the total study area 

population-a t-risk, had 18.7CJ'/o of a ll CTD ca ses resident; within its 

boundary at the time of a patient's disease onset. Only Palmerston 

North, of the re~a ining principal HBD ' s, exhibited a divergence of the 

percentage of ca ses in the area above the percentage of population

at-risk of the study area in that HBD . 

Radiating out f rom the Maniototo HBD (with t he highest crude 

incidence r ate of the HBD's) was a gradient pattern of incidence r a tes 

(Fig.15). This gr adi ent became especia lly marked north from t he high 

inciden ce a r ea , through the successive HBD ' s of Vfaitaki, South 

Canterbury, Ashburton and North Canterbury. The HBD ' s of the 0tago 

r egion (V) form a distinctive high incidence area . The North Isl and 

HBD ' s, whil e exhibiting no gradient of incidence, did show an 

indistinct patt ern v! i th high incidence 11.r e2.s (Pal merston North EBD 

and Dannevirk HBD ) in close proximi t v to low incidence are n.s. The 

Well ington HBD was border ed in t he north by the higher incidence HBD, 

while across Cook Strait the Marlborough HBD had a similar i ncidence 

r ate to the Palmerston North HBD 

After testing for statistical significance only the 0tago 

HBD, with 50 observed ca ses and 27.79 expected cases, rea ched a 

statistically significant level (p 7 99%) (Fig. 16). 

Geographic Counties (GC 's) 

The GC's of Kairanga, Hutt, Heathcote, Taieri and 
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Southland had 65 .78% of all CTD cases resident at onset within their 

boundaries, while their combi ned populations (1971 census) a ccounted 

for 62 .60% of the total population-at-risk of the study area 

(Appendix F) • 

The outstanding feature of the distribution of the crude 

r a t e s of inciden ce was the very high incidence r ecorded in the Central 

Ot a go and Otago GC' s (Fig . 1 7) . The Jfaniototo GC r egistered t he 

highest incidence r a te of the study ar ea , while the GC I s bordering 

it (Vincent, Waihemo, Ta ieri, and Tuapeka ) also had high or 

moderat ely high incidence r at es . With the exception of t he Ta i eri 

GC, v1hich includes Dunedin, and which r ecorded a moderat ely high 

incidence r at e, all GC's, withi n which main cities o.re located, 

r egi ster ed lov1 i ncidence r at es . 

The GC I s which comprise the i'.~arl borough HBD r ecorded 

moderately high t o high i ncidence r a t es , especia lly the GC of Awatere. 

Although the GC (Arouri) i mmedia t el y south of these GC's a lso r ecorded 

a r elatively high incidence r at e , the Kaikoura GC on the coast had a 

very low incidence r ate. Generally in t he South Island there vms no 

abrupt change of incidence r ates between GC's but r ather n grndual 

rise or fall of r &tes . 

This situation did not, however, appear to exist between 

the GC ' s in the North Island area of the study. The GC ' s of 

Kni ranga and Horowhenua had moder ately high incidence rates , Hhile 

the adjoining Oroua, Manawatu, and Hutt GC's recorded low incidence 

rates . A gradient of incidence rates, therefore, was discernible 
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between the GC's of the Palmerston North HBD, with low rates in the 

north and higher rates in the south. A similar trend was exhibited 

between the GC's on the eastern side of the Tararua-Ruahine ranges, 

with the highest r at es r ecorded in the Woodville and Pahiatua GG's. 

After testing for statistica l significa nce, higher case 

numbers came from Taieri GC (p ~ 99%), and Horowhenua GC (p> 9.5%). 

The t wo ad j acent GC's of Paparua and Waimari had statistically 

significantly fewer observed case numbers than expected (p 7 95%) 

(Fig. 18). 

From the above analysis it has bee n shovm that CTD 

incide~ce varies in space. By employing a consistent methodology 

a t three different scales of ar eal unit, it has been shown that the 

incidence of t his disease is significantly (statistically) greater 

in the southern regions (IV and V). Refinement of the scale of area l 

unit highlighted t hat it is specifically the Otago HBD and v,1ithin 

that, the Taieri GC, t hat have the highest statistically significant 

(p 7 99fo) deviation of the number of observed ca ses of CTD from t he 

number that could reas onably be expected to have occurred due to 

chance f actors. 

Although statistically significant divergences of observed 

cases from those expected occurred in the Horowhenua, Paparua , and 

Waimari GC' s this finding was not supported by the analysis of data 

at the more aggregated areal units. 

Spatial trends in the distribution of diseases may be 

further highlighted through the construction of an isopleth map. 
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Usually , rates or S . ~: .R. 's have been employed as the data for drawing 

such maps in medical geography . The accompanying map (Fig. 19), 

however, was an experiment in the us e of 'iso- probs', or isolines of 

confidence or probability levels . Following computation of Poisson 

percentage probability integrals (McGlashan and Chick, 1974) for 

each GC (using the 1971 census population-at-risk), 5 the principal 

population centres for ea ch GC were used a s the dnta points, and the 

'iso-probs' dravm. Therefore, for this map only, th e lows (troughs) 

signify area s wher e statistically significantly f'e,;er ca ses were 

observed than expected while the highs (hills or ridges) ar e ar eas 

where the numbe r of observed cases o.r e ·13tatis t.icnlly . .s'.i.gnifibc.ntly 

higher than expected . 

Two ovt.r t anding f eRtures of t his map are t he high area s 

focusing on Levin, Palmerston North, and Dunedin, and the opposed 

statisticnlly significant l evels of t he t wo n.d j a cont GC ' s of Wai mari 

and Heat hcote . A gr adi ent i s evidor,t: across t he Otago r egion v1i t h 

a low on the wes t ern coast (an ar ea where sta tistically significantly 

fewer ca ses we r e observed t han expected) and a n increasing high 

toward the east coast . The summit of the high statistical signifi

cance area is the Taieri GC (p :-,, 99.84%). A low trough of statistical 

significance occurs in Southland, and continues north through the 

inland GC's of South Canterbury and on to the GC's about Christchurch 

city. 

Generally, the pattern surrounding Christchurch is one of 

low statistical significance with Waimari recording only 6 observed 

cases but having an expected number of 15 (p "7 98.56%1). The 
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adjoining Heathcote GC, however, registered a Poisson percentage 

probability integral of +45.90. 

152. 

A gradient of increasing high statistical significance is 

discernible from those GC 's around Christchurch city northward 

to Cook Strait . This pa ttern is broadly similar to that existing 

between the Southland e.nd Otago HBD 's. 

In the North Island t wo distinctive features stand out. 

A very high hill of sta tistical significance in the Lcvin-Paloorston 

North area which rises steeply to the +9o% level of statistical 

significance. To the north-west, south, and east of this summit 

exist areas of low statistical significance. 

Areas of high statistica l significance were, therefore, 

loca ted in the Ta i eri, Horowhenua and Kairanga GC' s, while Southland, 

We llington-Hutt, and the Wairar apa were areas of low statistical 

significance. Canterbury exhibits increasing low statistica l 

significance towarasChristchurch, but there exists the extreme 

juxtaposition of the two adjacent counties of Waimari and Heathcote . 

Spatial Consistency Through Time 

Rates of incidence increased for all regions with rating 

against the respective populationa-at-risk in 1961 and 1951. A null 

hypothesis (H) that the rank orders of regions (by incidence rates) 
0 

at the three time points (1971, 1961, and 1951) were independent was 

tested. H was rejected and the alternative hypothesis - that the 
0 

ranks at the time points were positively correlated - accepted. 
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( 1971-1951 , r = 1 .OO; 
s 

1971-1961, r = 1.00; 
s 

1961-1951, r = 1 .oo) . 
s 

Testing for statistical significance revealed that for 

region IV, although the number of observed cases always exceeded the 

number of expected eases, there was a diminishing level of statistical 

significance. In 1971 this region was highly statistically 

significant (p799%), but with the 1961 population-at-risk it vms 

only moderately statistically sigr.ificant (p 7 9.5%). In 1951 there 

was no statistically significant divergence of observed cases from 

those expected. The Otago region (v), however, was highly 

statistically significant (p :> 99fo) at all three time points. 

With the exception of the Maniototo HBD, which showed a 

reverse trend, all other HBD 's registered successively decreasing 

r ates of incidence with time from 1951 (Figs. 15, 20, 21). 

Correlation of HBD's rank order between these time periods was, 

however, very high (1971-1951, rs= 0.92; 1971-1961, rs= 0.97; 

1961-1951 , r = 0.97). s 

The Otago HBD remaine~ a consistently statistically 

signif'icant area throughout the study time (1951 p:;;,, 95%; 1961 

p 7 99%) (Figs. 16, 22, 23). The only other HBD that had a 

statistically significant divergence of observed cases from those 

expected was the Palmerston North HBD (p 7 95%) with the 1961 

population-at-risk. 

Declining incidence r ates over the time period were 

recorded in 6~ of those GC's which recorded cases of CTD (Figs. 17, 

24, 25). These were, generally, GC's within which the main population 
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centres are located. The largest changes in GC rank order (1971-

1951,r =0. 89; 
s 1971-1961, rs= 0 . 95; 1961-1951, r = 0.97) were 

s 

those by Horowhenua, from rank 1 (1951) to rank 6 (1971), and Lake, 

from rank 2 (1951) t o r ank 10 (1971). Approximately 8.00% of the 

GC ' s showed a rise in incidence rates with time, while the remaining 

exhibited fluctuations in r ates, with a trough of low incidence rate 

generally occurring with the 1961 popula tion-at-risk. 

A.fter statistical significance testing, Taieri GC was 

shovm to h~vG remained statistically significant at each time point 

a lthough with decreasing s t atis t ical significance l evels (Figs. 18, 

26, 27). The GC I s of Paparua and Waimari were significant (p '.7 95%) 

only Yd th the 1971 population-at-risk, but the Horowhenua GC had a 

decreasing sta tistical significance l evel through time (1951, p 7 99%; 

1961 , p 7 95%). With the 1951 population-at-risk Kairanga G-C was 

statistically significan t (p °? 95%), thus creating e, statistically 

significant concentrRtion in the North Island with the adjacent 

Horowhenua G-C. 

Temporal Change 

Patients who had onset of symptoms prior to January 1, 1950 

comprised 8.27% of the total CTD case numbers . Although the earliest 

established data of onset was 1925, 54.55% of these cases hed onset 

during the period 1945-49 . 

It -was initially believed that fewer case onsets would be 

recorded in the period up to and including 1961 than in· the latter 

period of 1962- 1973. The rationale was that there would be some 
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patients with onset in the l atter period, who would not have been 

admitted t o a public hospital by August 31, 1973. Conversely, there 

would exist a greater likelihood for patients with onset in the 

earlier period to be admit t ed to a public hospital, and thereby be 

i ncluded in this survey. Therefore the null hypothesis (H ) 
0 

formulated was that there ,.ras no statistically signi ficant variation 

in the number of case onsets bet ween the t wo time periods. Gener ally , 

there has boen a trend for an increasing onset of CTD with increasing 

time (Figs. 28a , 28b ), ,lith the majority of CTD case s (55. 64%) h:wing 

onset in the period 1962-1973 (Table IV) . The H was t ested using 
0 

the chi- s quare t est , with one degre e of freedom (df = 1 ). Thus it 

was rejected at the 95% significance level . 

TABLE IV. C2.ses of connective tissue diseases with ons et in a 

specified time period 

Disease prior 1950-1961 1962-73 

SLE 43 55 

PN 25 29 

SCL 31 19 

PMS/DMS 11 36 

CTD 118 148 

Disaggregation of the data into sexes showed that 59.29}& 

of all the male cases had onset during the l at er period, compared 

with 53.93% of the female cases (Fig. 28c). This distribution was 

not, however, statistica lly significant at the 5% confidence level. 

A null hypothes-is (H) was formulated for t esting at the 
0 

HBD areal scale - t hat there was no statistically significant 
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deviations of observed cas e numbers in HBDsthan those expected, if 

the morbidity r ate for the study a r ea in the r e spective time periods 

was applied ubquitously. In t he first period Pal merston North was 

the only HBD r eaching a sta ti st i cally s i gnificant l evel ( p? 95%) 

with signifi cantly more ca ses than eA'}lected (Tabl e v). In t he 

s econd, and more r oc ent period, the Wellington HBD had stati stically 

significantly f ewer observed ca se s than expected (p 7 95%), while i n 

t he Otago HBD statis tically signif icantl y more cases (p -;:, 99-1~ ) wer e 

obs erved t han expected . H wns t her efor e r ejected. 
0 

TABLE V. The number of case s of connective tissue di sease v!i t h onset 

i n respective t ime periods by Hospita l Board Districts. 
·.-,r--""'3o.--.- ~-

HBD before 1950- 1961 1962-73 

Pal merston North 18 17 

Dannevirke 1 2 

Vfoirc.r apa 3 2 

Well ington 30 25 

Marlbor ough 10 

North Canter bury 28 27 

Ashburton 2 2 

Sout h Canter bury 4 9 

Vfaitaki 6 

Vincent 2 2 

Maniototo 2 

Ota go 17 33 
South Otago 3 2 

Southland 8 11 

Total 118 148 
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SLE 

The spatial distribution of SLE ca ses, the l argest 

numerical subset of CTD in this "'Urvey, generally follows the same 

pattern a s that of CTD, with t he heavie st concentrations of cases 

in the cities (Fig. 29: Table I) . 

Regional Uni ts 

Alt hough 23. 86% ot' the total popul ation-at-risk (1971 

census) resided within region IV, 31 .63,1o of a ll SLE patients were 

resident in t hi s region at the time of disea se onset (Table II). 

The Otago regi on (V), however, with only 14-.66% of the study area 's 

tota l popul~tion-at-risk, hP-d about one quarter of the SIB patients 

in its ar ea at onset of sympt oms . Approximately one f ifth of SLE 

patients were in either r egi on I or II a t onset, although the l at t er 

had more t han double t he population-at-risk of the former. The 

Canterbury r egion (III) recorded a percentage of SLE patients 

closely similar to t he percent age of the tota l popul ation-a t -risk 

in t he area . 

Examination of the crude incidence r ates verifies this 

appa rent spatial varia tion in SLE incidence (Table III). 1,Vi th the 

r ate for t he study area at 8 .10 per 100,000popul ation-at-risk, the 

highest regional r ates were recorded in regions V and I. The 

gr~dient of incidence r ates, therefore, differs from that for CTD, 

with the lowest r a te recorded for SLE in region II. Region V, 

however, was the only region with a sta tistically significant 
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(p-::;, 95%) divergence of observed cases, 25, from expected ca ses, 14.37. 

Hospital Board Districts 

Although the ma jority (79.59%) of SLE cases were resident in 

the five principal HBD 's at onset, the HBD 's of South Canterbury, 

Waitaki, and Maniototo co~bined, recorded 11 .2°3%, of the total cases 

(these HBD 's had 6.76% of the total population-at-risk at 1971 census). 

Vincent wa s the only HBD not to register any CP.se s of SLE (Appendix E). 

Genera lly, all HBD 's had a low incidence r ate of SLE (Fig. 

;!)). Maniototo, however, recorded an incidence r ate eight times 

greater than t he norm for t he study area , and 30ofo higher than the 

s econd highest r a te (Waitaki HBD) . There wa s a very sharp change from 

low incidence r at e a rea s a:::-ound }faniototo to t he high incidence r a te 

area , wi th a notable contrast be t ween t he adjoining HBD ' s of Vincent 

and Maniototo. 'I'hese HBD' s r espectivel y recorded r a t es a t the t a ils 

of the distribut::i.on . Ove::'all the study area , the hi tsher incidence 

r ates occurred in the nor·~h '.)r~TI1rst HBD ' s (Palmerston North and 

Dannevirke) and the most sou,~hern HBD ' s (Wai taki, Otago, Maniototo, 

South Ota go, and Southland) . The HBD ' s between those two areas, t hose 

of Canterbury, lfarlbo::-o'.1c~1 , Viellington, and Wairarapa , recorded low 

incidence rates. 

When t !1'3se r a tes were checked a gainst the Poisson 

distribution (Fig . 31 ) only Maniototo and Ota go case numbers were 

shown to be staJdstic '1lly s:.,s:1::i.-f'ica.--itly higher (p-:, 9.5%). No HBD 's 

recorded statistically significantly fewer ca ses than thoso expected. 
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G-eographic Counties 

The outstanding feature accruing from ca lculation of 

incidence rates was the r a te of the Maniototo GC (Fi g . 32). This 

r a te is approximately 1oo% great er thru1 the second highest r ~te of 

.36.96 cases per 100, 000 population-at-risk (Amuri GC). Adjacent 

GC's of Vincent and Waihomo , honever, did not register any SLE 

ca ses (Appendix E). There was a broad band of moder ately high 

incidence surTounding this area and including t he GC's of Lake, 

Tuapeka , Bruce , Ta ieri, Faikou?.i ti, and Wai taki. 

All GC ' s around Christchurch registered low incidence 

r ates, but the Arnuri GC recorded the second hi ghes t incidence r ate 

for the tota l study area . Generally, t he incidence r ~tes of SLE 

in the South Island GC 's became increasingly higher from north to 

south. 

A definite gr adient pattern exis ts on t he west er n side of 

t he Tararua-Ruahine Range s. Wit h t he highest incidence r ate of this 

a r ea recorded in the Horowhenua GC, incidence fell aHay north and 

south. Although the Woodville GC r ecorded the highest r ate of t hose 

GC's of the east coast of the North Isla nd, no consistent pattern of 

incidence was observed. 

Ma.,..iototo was the only GC statistically significant (p > 95%) 

after testing (Fig. 33). 

Spatial Consistency Through Time 

Although the incidence rates for all regions increa sed 
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retrospectively from 1971, the rank orders were perfectly correlated 

(1971-1951, r = 1.00; 1971-1961, r = 1 . 00 ; 1961-1951, r == 1.00). 
s s s 

Testing for statistical significance showed that only region 

V Has statistically significant (p ? 95%) vri th the 1971 and 1961 

populations-at-risk. Despite t his r egion recording more observed 

ca ses t han expected with the 1951 population-at-risk, this was not a 

stFltistical ly significant divergence. 

Except for the D11111evirkc and Maniototo HBD ' s, a ll HBD ' s 

had higher incidence r ates nith the 1951 and 1961 populations-at-risk 

than ~~th th~t of 1971 (Figs . 30, 34, 35) . Dn.nnevirke HBD had a 

higher r ate in 1971 than for 1961, but it was lower thnn t hat for 

1951. Maniototo, however, recorded a greater incidence r n te wi th 

the 1 S71 po1mlation-n.t-risk t han TTi th c i ther the 1961 or 1951 

populations-at-risk. Corrvlc:.tion between the rcmk order of HBD ' s by 

i ncidence r .:>.tes at the t hree time points v,a s very high ( 1971-1961 , 

r = 0 .96; 1971-1961, r = 0 . 98; 1961-1951, r = 0 .98) . s s s 

Whil e both the Maniototo and Otago HBD ' s wer e st 'l.tistically 

significant ( p-;;, 95%) with the 1971 population- at-risk, t his was not 

sustained with either of the t wo earlier popula tions-at-risk. Thus, 

no HBD at the 1961 or 1951 time points ha d a statistically significant 

divergence of observed ca ses of SLE from the number of cases expected. 

Of the total number of GC's r ecording the occurrence of 

this disease, only the Naniototo and Taieri GC's r egister ed higher 

incidence rates for the populations-at-risk after that of 1951 



CRUDE INCIDENCE RATES PER 100 .000 POPULATION (1961 CENSUS) 

OF SYSTEMIC LUPUS ERYTHEMATOSUS BY HOSPITAL BOARD DI STRICTS 

0 20 40 60 MILES 

p " 
. 

D 
D 
D 
[]] 
[I]] 

m 

176 

0 · 0 3 9 

4 0 - 11 · 9 

12 0 - 18 · 9 

19 · 0 - 35 · 9 

36 ·0 5.5 · 9 

56 · 0 - 68 · 9 

FIGURE 34 



CRUDE INCIDENCE RATES PE R 100.000 PO PULATION (195 1 CENS US ) 

OF SYSTEMIC LUPUS ERYTHEMATOSUS BY HOSPITAL BOARD DISTRICTS 

0 20 40 60 M ILES 

D " 

D 
D 
D 
[] 
[II] 

• 

0 0 

5 0 

14 ·0 

20 · 0 

31 0 

4 1 0 

177 

- 4 · 9 

- 13 9 

19 · 9 

- 30 9 

- 40 · 9 

- 70 9 

FIGURE 35 



178. 

(Figs. 32, 36, 37). Rating aga inst the 1961 popul ation-at-risk 

produced the lowest incidence r a te of the three time points for six 

of the GC' s, three of which were the adjacent GC' s of Dannevirke, 

Woodville , and Pahiatua . The rank order of GC ' s (by incidence 

r ates) wa s virtually unchanged throughout the time period, and the 

null hypothesis of independence b etween the r anks of 1971, 1961, a n~ 

1951 was rejected (1971-1961 1 r = 1.00 ; 1971-1951, r = 0 .99 ; s s 

1961-1 951 , r = 1 .oo ). 
s 

The }faniototo GC W['. S s t atis tically signif icant (p )' 95%) 

with t he 1971 population-a t -risk, but t his wa s not sustai n ed with 

the analysis us ing either th o 1961 or 1951 populations-at-risk 

(Figs. 33, 38 , 39) . The Horowhenua GC had s t atis ti cal ly 

si gnificantly (p 7 95%) more ob3orved CP..ses t han expected. with both 

the 1951 and 1961 populati nns-a t-ri sk . No other GC r eached a 

sta tistical ly s ignificA.nt level . 

Temporal Change 

Six SLE patients (6 .12%) ha d a da t e of onset prior to 

January 1, 1950, of wh ich 66.67% had ons et in t he decade 194-0-49. 

From the data there appears to be a r egular pattern in the 

yea rs with heaviest onset of SLE symptoms (Figs. 4.0a , 4-0b) . 

Generally there is a four year cycle discernible, with the first and 

second years the highs, and the third and fourth years the lows. The 

small number of cases (21) in this survey, precluded a similar trend 

being observed for males, but the female figures reinforced this 

cyclic suggestion (Fig . 40c) . 



CRUDE INCIDENCE RATES PER 100 ,000 POPULATION (1961 CENSUS) 

OF SYSTEMIC LUPUS ERYTHEMATOSUS BY GEOGRAPHIC COUNTIES 

0 20 4 0 60 M I l E S 

• 00 - 39 

• 40 - 11 · 9 

• 12 o - 21 9 

[I]] 22·0 - 33 · 9 

[IIJ 34 · 0 - 5 5 ·9 

illIIIlil 56 ·0 - 6 9·9 

179 

FIGURE 36 



CRUDE INCIDENCE RATES PER 100 ,000 POPULATION (1 951 CENSUS ) 

OF SYSTEMIC LUPUS ERYTHEMATOSUS BY GEOGRAPHIC COUNTIES 

0 20 ~0 60 MI l ES 

p d 

D 
D 
D 
[]] 
[I] 
[illI[]] 

• 

180 

O· O - 4 . 9 

5 -0 - 9 · 9 

10 · 0 - 19 · 9 

20 · 0 - . 27 · 9 

28·0 - 39 · 9 

40-0 - 55· 9 

56 · 0 - 71·9 

FIGURE 37 



SIGNIFICANT DIVERGENCE OF OBSERVED FROM EXPECTED NUMBERS OF CASES 

OF SYSTEMIC LUPUS ERYTHEMATOSUS BY GEOGRAPHIC COUNTIES, 1961 CENSUS 

0 20 <0 60 M IL ES 

181 

Poisson Probobili t ies 

~ 99% 
+ 

high 

[ill 95 % 
+ 

D norm 

D 95% -
low 

D 99% -

FIGURE 38 



SIGNIFICANT DIVERGENCE OF OBSERVED FROM EXPECTED NUMBERS OF CASES 

OF SYSTEMIC LUPUS ERYTHEMATOSUS BY GEOGRAPHIC COUNTIES. 1951 CENSUS 

0 20 40 60 M ILES 

182 

Poisson Probabilities 

~ 99% + 

[lli 
high 

95% 
+ 

D norm 

• 95% -
low 

-B 99% 

FIGURE 39 



"' 0 
z 

I 

"' w 

"' " u 

0 
t5 
~ 
z 
w 

:,;1 
w 
Q. 

8 

7 

6 

5 

3 

2 

00 --

90 --

80 --

70 -1-

60 ----

50 --

40 --

30 ----

20 --

10 --

(A) SYSTEMIC LUPUS ERYTHEMATOSUS - NUMBER OF CASE ONSETS PER YEAR OF STUDY 

TIME PERIOD 

183 

1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 

YEARS 

( B ) SYSTEMIC LUPUS ERYTHEMATOSUS - CUMULATIVE PERCENTAGE HISTOGRAM OF 

CASE ONSETS PER YEAR 

-
-

---
-

-
---

-
--

-
-

-
nnn 

---

-

-

1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 

YEARS 

FIGURE 40 



~ 6 

I C I SYSTEMIC LUPUS ERYTHEMATOSUS - NUMBER OF FEMALE CASE ONSETS PER YEAR OF 

STUDY TIME PERIOD 

184 

i ~: ~ -~. n•J1[l~~~ 
1950 1951 1952 1953 195d 1955 1956 1957 1958 1959 1960 1961 1962 1963 196d 1965 1966 1967 1968 1969 1970 1971 1972 1973 

YEARS 

FIGURE 40( 



185. 

The majority (56.12%) of all cases had onset in the period 

1962-1973. Of the female case s 54.55% had onset in this period, while 

for males the figure was 61 . 90%. A null hypothesis (H) was 
0 

formul ated: that the occurrence of SLE did not differ statistically 

significantly betr>leen time periods . The rejection level was set at 

the 5% confidence level with one degree of freedom . H was accepted 
0 

at the 95% confidence level using the chi-s quare distribution test. 

Therefore the pr oportion in which the disease occurred over time did 

not differ statistically significantly. 

At the HBD level the null hypothesis that case s of SLE 

occurred evenly throughout the HBD ' s of the study ar ea in e~ch period 

was tested. ThA.t is that HBD ' s shov;ed only chanc e fluctuntions above 

or below t he onset case numbers the.t would h:.we occurred locally had 

the s tudy area :rr>.te been experi enced by all HBD ' s. After testing, H 
0 

was accepted for the peri od to 1961 • In the second period, hovrever , 

the Otego HBD was highly statistic;illy significant (p> 99%) ni th 14 

observed cases nnd an expected case number of 5.96 ca ses. 

rejected for t his period. 

H was 
0 
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PN 

Al though the cities in the study area had 66.67% of the 

tota l PN patients resident within them at disease onset (Table I), 

50% . of the cases were located in either Christchurch or \1!ellington 

(Fig. 41). Almost 7Cf5/o of the tota l number of North Island cases were 

in the Wel lington-Hutt Valley-Porirua area at disease onset, ~bile 

35 .48% of the South Island case s '.7ere in Christchurch city. 

Regional Units 

Region II had the highest percentage (38.89%) of PN ca ses 

within it a t disease onset (Table II), c.nd waa tho only region which 

r ecorded n substantially greater percentage of PN cases t h~n its 

percentage of the study area ' s total popul ation-at-risk. The 

difference for r egion II wqs 10%, Hhile ror regfon V (Otago ) it 

was just 2 .01f . PN Y.'a s the only disease subset for which region II 

registered a higher percentage of the total c ~s e number than its 

percentage of the total study area population-at-risk. The incidence 

r ates for the r egi ons (Table III) reinforces t he initial impression 

of an increased concentration in the number or disease cases in 

region II. After testing ror statistical signiricance, however, no 

region had a statistically significant divergence in the number or 

observed cases from those expected. 

Hospital Board Districts (HBD's) 

The Wellington and North Canterbury HBD's combined had 

55.56% of all PN cases resident within them at the time of disease 
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onset. The Wellington HBD alone had one t hird of all the cases. 

Four HBD 's r egistered no ca ses within their area s at onset of PN 

symptoms (Appendix E) . 

188. 

The Marlborough HBD, however, r ecorded t he highest 

incidence r a te (Fig . 42), with a high r a te a lso registered in the 

Ashburton HBD . Despite its l arge abs olute numbers, the North 

Canter bury HBD showed a s FL lon inci dence trough between these t wo 

high incidence areas. No HBD ,las found from t esting to have 

sta tistical ly significa ntly mor e or fewer ca ses t han t he number of 

cases expected to occur. 

Geographic Counties 

PI'J occurred in only 30% of the total number of GC 's, with 

two counties, Hutt and Hea t hcote , r ecording 64.82% of t he total 

number of cases (Appendix E). 

Three high incidence r a t e areas were discernible (Fig . 43), 

with V!ai hemo GC having t he highest r at e . This area , although with 

only one case , had a r ate thirteen times gr eater t han the nor m fo r 

the study area . This i l lustra tes the effect that the size of the 

population-a t-risk may have on the calcula tion of incidence r a tes, 

and thus, rendering it important t hat some 'significance ' test be 

instituted to assess whether this distribution is due to chance 

f actors or not. Pahiatua and Waipara GC's were the other high 

incidence r a te area s, which, like Waihemo, are surrounded by very 

low incidence rate areas. The GC's which include the main cities, 
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excluding Southland, recorded similar. but lon incidence r ates. 

When these r a tes were compared to t he Poisson distribution, 

no GC's rocorded an observed ca se number statistically significantly 

different from the expected ca se number. 

Spatial Consistency Through Time 

Although the incidenc e r at es increased r etrospectively, 

the r ank order of the r egions rema ine d constant (1971 -1951, r = 
s 

1 . 00; 1971-1961, r = 1 . 00 ; 1961-1 951, r = 1.00). While tho 
s s 

Otago r egion (v) Has t he only sta ti stically significant a r ea with 

both the 1971 and 1961 populations-a t-risk (p> 95%), no r egion was 

statistically si gnificant with the 1951 populn.tion-at-risk . 

Al l HBD ' s showed lower incidenc e r a t es for 1971 t han for 

1961 or 1951 (Figs . 42 , 44, 45). The null hypothesis t hnt the r a nks 
were 

of HBD' s I independent fo r t he three time periods was t ested and 

rejected (1 971-1 951, r = 0 . 99 ; 1971-1961, r = 0 . 98 ; 1961 - 1951, s s 

r = 0.99). No HBD was stati stica lly significant throughout the time 
s 

of the study. 

Of the fifteen GC's recording a t lea st a ca se of PN, only 

Waihemo a nd V/aimate GC I s had a higher incidence r a te with the 1971 

popula tion-at-risk, than with the 1951 population-at-risk (Figs• 

43, 46, 47). Waihemo's incidence rate increased with each successive 

time point from 1951, while Waimate recorded a trough of lower 

incidence in 1961 between the peaks of 1951 and 1971. The null 

hypothesis that the rank order of the GC's at each time period was 
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not significantly correl at ed wa s r ejected (1971-1951, r = 1 .00; 
s 

1971-1961, r = 1.00; 1961-1951, r = 1 .00) . 
s s 

Comparison of the distribution of tho absolute c,:c se numbers 

with the Poisson distribution r evealed tha t no GC had R stRtistically 

significant divergence of observed ca ses from those expectod . 

Tempora l Change 

Only t wo pati ents (3.70%) had onset of synptoms prior t o 

J anuary 1, 1950 (in 1941, and 1949). Sinc e 1950 a small ye~rly 

increase in the nUr::tb er of c~sos was rbservcd (Figs . 48n , 48b) . 

The null hypot hesis (H) f or t esting w~s t hat t he 
0 

occurrence of the dise~se did not differ statisti cally s i gnificantly 

between the r espective time peri ods . Using the chi-squ,3.r ed 

di s tribution test t he r egi on of r ejecti on w~s set at t he 95q 

confidence l evel with one degr ee of freedo• • H was a ccept ed . 
0 

Analysis of the r espective dat e s of onset f or rr~les and 

fe mal es r eve~l ed th'3.t no year wa s statistically s i gni f icant f or 

onset for males, but 1966 was for the onset of f ema le ca s es (p ::> 95%). 

Gener ally, however, the onset of ca ses of both sexes vms evenly 

distributed in ea ch time period . 

No HBD in either period showed a significant divergence 

in the number of ca se onsets observed from those expected . Thus, the 

null hypothesis (H) that the number of ca se onsets diverging above 
0 

or below those expected t o have occurred, may be a ttributed t o chance 

factors, was a ccepted. 
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SCL 

While 6o% of all SCL ca ses were located in the ma in cities 

a t the time of onset, all of these areas except Dunedin recorded a 

lower percentage of the absolute ca se number than their percentage of 

the study area 's population-at-risk (Table I) . Dunedin, with only 

7 .84% of the study area popula tion-a t-risk, had 13% of the SCL cases 

r esident within its boundary a t the time of disease onset . The 

ca ses of t his disea s e comprised 25% of t he totql C~D ca se number in 

Dunedin city. Within A. t wenty-five mil e r adius of Dunedin city, 

24% of th e total study area c~se numbers and 38 . 71 % of the South 

Island t ot al wer e loca t ed a t onset of symptoms (Fig. 49) . 

Regiona l Units 

The outstanding f eature of the di stribution of ca se numbers 

by r egiona l uni ts (Tab l e II ) v,as that 40'/, of e.11 SCL ca se s \,ere in 

th e Ota go - Southl and regi on (IV) a t onset. This is 67 .65% grea t er 

than the percent age of t he study area population-at-risk (1971 

census). But, SCL cas e s were only 23 . 26% of tho t ot a l number of 

CTD diseases of this region. It is,thus,suggest ed that region V 

(Otago) may be contributing to the high occurrence of SCL in region 

IV. While region v-had 14.66% of the population-at-risk (1971 census), 

just under one third of all SCL cases were in t his region at time 

of disease onset. As with region IV the case numbers of this 

disease were 23.83% of the total CTD case numbers. 

Examination of the incidence rates by regions (Table III) 

reinforced the seemingly spatial disparity in the occurrence of SCL. 
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The Otago region (V) had an incidence rate double tha t of the 

study area norm, and v1hich ·was higher than the r a te for th0 combined 

region (IV) of Otago-Southland. The northern adja cent region of 

Canterbury (III), on the other hand, shor:ed a very low r ate when 

compar ed to t he study ar ea norm . 

Following testing for statisticn.l significance only -b.-10 

r egions were f ound t o havo a sta tistically signif'icant diver gence of 

observed ca ses from those expected . Region IV W'.l S st a tistically 

significant a t the 95% confidence l evel, nhile the Otago r egion (V) 

was very st a ti stica lly signif icant (p :> 9g:/o ). 

Hospital Board Districts (HBD ' s) 

The Otago HBD had 26 % of a ll SCL cases in its a rea at 

the time of dis ease ons et, but t he highes t incidence r a t e i n the 

study area was t hat of t he adjacent Vincent HBD ( nhich had only t wo 

ca ses). These t wo HBD's, horrnver, comprised the centre of a 

gr adi ent which radia t e s out t o the coasta l ar eas (Fig. 50). Else

where in tho study area, the incidence r a tes f or HBD's were 

generally low, with the \7ai t aki and Maniototo HBD I s regis t ering no 

cases of SCL (Appendix E) . 

Otago was the only HBD that had a statistically signif'icant 

(p '7 99%) divergence of observed ca ses, 13, from those expected, 

5 . 22 (Fig. 51) . 

Geographic Counties (GC's) 

The Taieri GC , with 9 . 20% of the study area ' s total 
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population-at-risk, had 2Wo of all the SCL cases resident within 

its boundary at the time of disea se onset. Awatere GC , hov,,;ver, with 

one case, recorded the highest incidence r a te for the GC in the study 

area (Fig. 52) . 

The adjacent GC ' s of Marlborough and A\'/atere produced 

incidence r a tes at either t a il of the i ncidence r ate s cale, while the 

GC ' s north ru1d south of Ta i eri had higher incidence r a tes than the 

GC with tho grea test absolute number of ca ses in the a rea. Over much 

of the study crrea, l ow incidence r at es pr evailed v!i th only 36% of the 

GC 's r e cording occurrence of SCL (Appendix E). 

When t he distribution was checked for statistica l 

signif icance only Taicri GC was statistically significant n.t t he 95% 

confidence l evel (Fig . 53) . 

Spatia l Consistency Through Time 

Although t he incidence r a tes did incre~se retrospectively, 

the rank order of the regions was found to be perfectly corre l at ed 

be tween the three time points (1971-1951, r = 1.00; 1971-1961, 
s 

r = 1.00; 1%1 -1951, r = 1.00). Changes, however, did occur when 
s s 

testing for statistical significance at the three time points . 

Whereas with the 1971 population-at-risk region IV was statistically 

significant (p > 95%), it was not rlth either the 1961 or 1951 

populations- at-risk. Region V (Otago) did, however, remain a 

statistically significant area throughout the study time period. 

In 1971 this region was very statistically significant (p :>99%), 

but with the 1961 and 1951 popula tions-at-risk only moder ately 
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sta tistically significant (p-;, 95%). It was, nonetheless, the only 

r egion at these two earlier time points t o reach a statistically 

significant level. 

Whil e al l HBD' s recorded lower incidence rat es with the 

1971 population-at-risk than with the 1951 population- at-ri sk , there 

was not a consistent decline in all areas . The D2..nnevir ke and South 

Otago HBD ' s recorded a higher incidence r ate vii th the 1971 population

at-risk than with the 1961 popula tion-at-ri sk (Figs . 50, 54, 55). 

Correlation between the r c.nk order s of the HBD 's a t the throe time 

point s was very high (1971-1951, r = 0.98; 1971-1961, r = 0.98; s s 

1961-1951, r = 0. 99 ). 
3 

Otago was the only HBD to r ecord a s t atistically significant 

divergence of observed ca ses from those expected, but vi i th a lmrnr 

l evel of s t atistical significance at t he 1951 nnd 1961 time pcints 

than at the 1971 point (Figs . 51, 56, 57 ). 

While the majority of Ge's (77 ,7ff%) with SCL ca ses had 

lower incidence r ates with the 1971 popull:l.tion-at-risk t han with 

the 1961 population-at-risk, the GC 's of Dannevirke , Awat er e, 

Waikouaiti (Figs. 52, 58, 59) r ecorded the highest incidence r ate 

with t he 1951 population-at-risk. Tuapeka GC register ed a rise in 

incidence r ate from the time point of 1951, and thus exhibited a 

reverse trend to the other GC's. The null hypothesis of no 

independence between the r ank orders of the GC's at the three time 

points was tested and rejected (1971-1951, r = 0.99; 1971-1961, 
s 

r = 1.00; 1961-1951, r = 1.00). s s 
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Taieri was the only GC to reach a statistically significant 

level and this wa s just with the 1 971 population-at-risk (p ;;> 95%) 

(Fig. 53). 

Temporal Change 

Analysis of the da t a of this disea se revealed the. t 24% of 

the total SCL cases ha d onset prior to January 1, 1950. Despite 

1925 being tho earlies t onset date, 50}6 of these ca ses had onset of 

symptoms during th e period 1946-49. This was the only disease 

subset of CTD to have more cases (62%) with ons et before 1961 than 

after tha t dnte. Although only 38% of SCL ca ses hnd onset after 

1962, 63 .16% of these ca ses h::->,d onset in either 1965, 1966, or 1967 

(Figs. 60a , 60b) . The null hypothesis (H ) for testing vms that the 
0 

occurrence of t his disease did not differ stati s tically significantly 

bet ween the r espective time periods. The r egion of r e j ection was at 

t he 5% confidence level with one degr ee of f reedom. Using the 

chi-square distribution test,H wa s accepted. 
() 

For 72.73% of the t ot a l number of male cases, onset 

occurred in the years up to and including 1961, with 36 .• 36% of the 

total cases having onset prior to 1950. While the respective figures 

for females were less than those for males, a similar trend was 

observed: 58.97% of the total female cases with onset in the period 

to 1961, and 20.51% with onset prior to 1950. 

A null hypothesis (H) was formula ted for testing in each 
0 

time period at the HBD scale: that the study area r a te of onset 

applied evenly to all HBD's, and therefore any divergence from this 
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number would be due to the influence of chance f actors. For the first 

period (up to and including 1961) Vincent was the only statistically 

significant HBD (p> 95%) with more observed cases than expected . 

was not accepted for this perioq. . In the second period Otago HBD 

H 
0 

was highly statistically significant (p > 99%) with 8 observed cases 

and an expected ca se number of 2 .06. 

this period . 

H was a lso not accepted for 
0 
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PMS/DMS 

This disease subset of CTD, ,Ii th 59 .58% of the cases in 

cities (Tabl e I) would seem t o have a great er number of rurally 

located ca ses a t onset than the ot her subsets (Fig. 61). Both 

Palmerston North city a nd Dunedin city had a higher percentage of 

cases than their pe rcentage of the popul a ti0n-at- risk , while the 

Well ington- Hutt V~lley-Porirua city a r ea recorded a substantially 

lower percentage of cases t hen t he percentage of popule.ti on:..at-risk;, 

Yfi thin an area ;:round Palmerston North, extending to include 

Feilding , Sanson, Shannon , and Levin , 12 . Tr% of' all PrHS/Dr,iS ca ses 

vrer e located a t the time of disease onset . 

Regiona l Units 

Despite region II contn.ining twice the populqtinn- a t-risk 

(1971 census) of region I, both recorded a similc r percentage of tho 

total numbers of co. sos r:ithin their respective aro ~s.(Table II) . 

Conversely,;,_ regions IV and V r egistered very much higher percentages 

of the to tal case numbers t han the percentage of the study area 

population-at-risk within the area . The figures in those two regions 

for PMS/DMS were very similar to those for SCL in terms of 

percentage of cases. 

Examination of the incidence rates (Table III) highlighted 

a distinct increasing gradient emanating north and south from the 

low rate of region II . The Palmerston North- TTairarapa region (I) 

recorded an incidence rate double that of the adjacent region to the 
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south, thus showing the dif'ferential incidence of this disease 

subset. Although region IV had a r ate nearly 7(11/o higher t han the 

study area norm , excluding Southland (Regi on V) from the calcul~tion 

increqsed the rp.te t o 88 .92% ~bovc tho norm • 

.A:f'ter testing for statistical significance, only regions 

IV and V were s t a tistica lly significant, both at the 95'/o conf'idence 

l evel. 

Hospital Board Districts (HBD'S) 

Four HBD ' s did not r ecord any cases of PMS/DMS as being 

located within their a r e9.s a t the time of di s en.so onset (i.,_ppendix E) • 

The highest r e.t e w~s in t ho Centra l Ot ago HBD of Vincent (Fig . 62) 

but, apart f rom t he Marlbor ough HBD , l or: r at es of incidenc e 

gener a lly prevailed throughout the s tudy area HBD ' s . 

Testing f or statistical significr-i.nce , hmmver, revealed 

that the only stati stically significant HBD v:as th;:,.t of Wellington 

(p 7 95%) where f ewer ca se s were observed than expected (Fig . 63) . 

Geographic Counties (GC'S) 

Only one third of all GC's in the study area r ecorded the 

occurrence of this disease subset (Appendix E). Although 57.~5% of 

the cases were located a t disease onset in GG's around t he cities, 

the more rural counties recorded a substantially higher incidence 

for this subset than for other CTD's. 

The highest incidence r ates were recorded in the adjacent 
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Central Otago GC's of Vincent and Lake (Fig. 64). A gradient of 

diminishing incidence was evident from these areas to the coast. 

Smaller gradients were observed t hrough t he GC's comprising the 

Palmerston North HBD and the South Canterbury HBD. Vory low incidence 

r ates were recorded throughout the "'air arapa and Canterbury GC ' s, as 

well a s the Hutt GC. 

While Hut t WA.S the only GC to be statistically significant 

(Fig. 65 ), recording feTier cases t han expected, t his IlBY in f act be 

a spurious result. At the time of the datn collection it ,.;as known 

that the cnse records of three PYS/DMS patients, held at a public 

hospita l in t his r-rC, had been destroyed . As no confirm~tion could 

therefore be made as t o ~ddress at onset and diagnosis, these 

patients were excluded from the ana.lysis . If, however, such case s 

wer e included a s being resident within the Hutt GC at the time of 

disea se onset, and from tho altered r a te for the study a r eA, a new 

expected ca se number was c omputed, the Hutt GC would not be 

statistically significa nt. 

Spatia l Consistency Through Time 

In accord with the other disease subsets, the r egions 

exhibited decreasing r a tes with increasing time from 1951, but the 

rank order did not alter (1971-1951, r = 1.00; 1971-1961, r = s s 

1 .oo; 1961-1951, r = 1.00) . The sta tistical significance level 
s 

reached by both regions IV and V (p > 95%) with the 1971 population

at-risk was not achieved with the earlier populations-at-risk. 
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De spite a tendency for lo'l7er incidence r a tes t ote recorded 

with the 1971 population- at-risk than with either the 1951 or 1961 

populations-at-risk, the '.faitaki HBD registered a higher r a te in 1971 

than f'or 1961 (Figs. 62, 66, 67). The diffe rence, however, was 0 .47 

cases per 100,000 population-at-risk . The r a nk orders of' the HBD's 

a t t he r espective time po ints wer e tested f'or independence, but were 

f'ound to have a hi gh correla tion (1971-1951, r = 0.99; 1971-1961, 
s 

r = 1 .00; 1961 -1951 , r = 1.00). s s 

Testing for sta tistica l signif'icance with the earlier 

populations-at-risk r evealed tha t no HBD had statistically 

signif'icantly more or fe'\ver ob served cases t h2..n expected. The 

statistical significance level of' the Wellingt on HBD with the 1971 

population-at -risk (p > 95%) was, ther efore, not su st a i ned through 

time. 

Contrar y t o a trend of GC ' s havi ng decreasing r ate s with 

increasing time from 1951, t he G-C's of Faimat e and Tuapeka exhi bited 

increasing r at es with increasing time (Figs . 64, 68, 69). While the 

Manawatu and Waitaki G-C' s had a r ate with tho 1971 population- at-risk 

higher than with the 1961 population-a t-risk, but lowe r than the r a te 

with the 1951 population- at-risk. The r ank orders of the G-C 's at the 

three time points showed a high correlation (1971-1951, r = 0.99; 
s 

1971-1961, r = 1.00; 1961-1951, r = 1.00). s s 

Apart from the Hutt GC, with the 1971 population-at-risk 

(p::>- 95%) (Fig. 65), no other GC was f ound to have a statistica l l y 

significant divergence in the number of observed cases from those 
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expected at any of the time points . 

Temporal Change 

The dat a exhibits a strong asymmetrical distribution with 

r ega rd to the time of onse t of disease symptoms. One patient had 

onset pri or to JA.nuary 1, 1950, and only 23 . 40% of the tota l case 

numbers had onset in the period up to and including 1961 (Figs . 

70a , 70b) . During the period 1962-1973 , 95 .45% of the m~l e patients 

2J1d 6o,% of the female patients h:-~d onset . For male ca ses 

approximately 52% had ons ot in either 1968, 1969 , or 1970, while for 

females no such concentr:ited ons et period was discernible . 

The null hypothesis (H ) under t est was th,?,t the s tudy 
0 

ar ea r a te of onset nppliod evenly to all HBD' s , c:.nd therefore any 

divergence from t h is number TTould be due t o t he i nfluence of chffilce 

f .?..ctors . No HBD wc1.s st ntistically significe.nt for th e firs t period 

(up t o and including 1961) whil e the \7ellingt on HBD Yms the only 

sta.t istically significa nt (p > 95%) HBD in tho second period . Fevrer 

ca ses of HliS/DMS were observed than expected in this HBD . 
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Possible Bias From the Availability of Manpower Resources 

ThP. t t hi s distinct spatia l pattern in the incidence of CTD's 

may be due t o a varia tion in the medica l f acilities of the s tudy area 

was considered. Specifically, is the consistent statisticnlly 

significant level rea ch ed a t all scales of a r ea l units by t he Ta ieri 

area, the result of the loca tion of the Otago Medica l School and 

ancillary medical services in Dunedin? 

By using the. number of medica l personnel in e n.c h HBD 

(N.Z. Depa rtment of Health, Hospital Management Dat a , Year Ended 31 

March, 1972), and t he population-a t-risk (1971 census) of t he HBD 's , 

a r a tio of medica l staff to popula tion wa s computed (Table ,n). The 

highest r a tio (of medica l staff t o population) was reckoned for the 

Otago HBD . This is consistent with the possibility tha t t he increa sed 

incidence in t his a re.1. may be a ttributable t o mor e a ssidu ous s earch 

for t hese disea ses . The hi gher frequencies in region V (Otago) a lso 

fits this hypot hesis. Differentiati on of Dunedin city from both the 

rema inder of region V and the Ota go HBD further emphqs i s e s t he high 

frequencies of t he city. 

Less severe city cases, however, might be trea t ed a s out

patients and,thus,be less likely to be admitted to hospita l. The 

scoring systems adopted for this survey were constructed so that only 

the most 'obvious' ca ses would be included for final analysis . Almost 

all these would be severe enough to warrant admission to hospital . 

Physicians taking a special interest in these diseases would have 

included more ca ses with a score of less than four (4) than other 
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TABLE VI. Ratios of medica l staff to the population- a t-risk in 

the principal Hospital Board Districts of the study area . 

HBD Medica l Staff Population-at- Ratio 
( 1972) risk ( 1971 medical staff 

census popula tion 

Palmerston North 51 .8 113,319 1 2187 . 6 

Wellington 175.9 320,915 1 1824-.4-

Christclrurch 151 .5 319,690 1 211 o. 2 

Otago 123 . 3 1 26, 4-4-2 1 1025 .5 

Invercargill 4-9 . 9 111 , 409 1 2232 . 7 

Source: Ifodical staff statistics from Department of Heal t h, ~Hospital 
Stati stics of New Zea l and, Year ended 31 March 1972, ·· 

N .z. Population Census 1971 L~.1ume 1 • 

physiciAns, but it was considered unlikely thri. t an incre::::.sed number of 

overt ca ses of the diseases ,·1ould bo detected . By applying c, uniform 

cut off point for achi eving a definite diagnosis e.ny bias due to local 

enthusiA.sm by physicirms would be minimised , al though not completely 

oliminnted . 

A further and most important consider a tion, however, is 

that the incidence of scleroderma, of all the disease subsets, was 

consistently and statistically significantly increased. In the 

analysis at various levels it could be noted tha t this disease was 

the principal contributory factor to the high statistically significant 

level for CTD reached by the Otago area . Rarely, did either SLE, PN, 

or PMS/mm have a stati stically significant level sustained at all 

scales of area, or at the three time points. Physicians generally 

consider that SCL is t he mos t obvious CTD to diagnose because the 

manifestations of the disease are fewer and less variable than the 
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other CTD subsets. Therefore, physicians are less likely to disagree 

over a diagnosis of SCL than the other CTD's. With regard to this 

present study , it was noted thqt the lowe st percentage of the total 

diagnostic exclusions (either by the physician or the computer) were 

those ca ses diagnosed on discharge from hospital with SCL (13.22~). 

Exclusions of the other diseases were SLE 35.54%, PN 33.06%, PMS/DMS 

14,05%, and others (this included connective tissue disease as a 

group) 4 .1 :,%. 

Thus, a lthough some initia l diagnostic under-recording at 

the individual public hospitals may have occurred, it was believed 

that if any r esulting bi a s had permeated this survey it would be 

minimal. The measures t aken to confirm a di agnosis were such that 

only the most obvious disease cla ssif ications would be included in 

the survey. Further, the statisticP.lly significe.nt levels "Ltta ined 

in the Dunedin area were much higher t han one rrould h!:Lve expected for 

the manpower resources a vailable . The consequent findingB, therefore, 

were considered to give a s 2.ccura te as 1-ossible a n estimate of the 

true spatia l and tempora l variations in CTD incidence throughout the 

study area. However, because of the availability of expertise and 

manpower in the Dunedin area further research may thus be needed to 

verif'y these findings. 
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Summary 

The spncio-tempor a l analys is of t he dat a ha.s r evealed the 

following: 

(a ) tha t r egion V (Otago ) had statistically significantly 

more obser ved cases of CTD 's t han expected with each time point 

population-at-risk~ 

(b) region V vms consistently st a tistically significant 

throughout the study time period vii th r cgnrd to the disease subse t 

SLE, but especi ally SCL ; 

( c) at t he HBD ar eal sen.le a nd with CTD, Ot ago W"l. S 

s t atistically signi ficant with t he 1951, 1961, and 1971 popul at ions

at-risk . Pal merston North HBD had a s t atistically signi ficant 

divergence of observed CTD cases f r om t hose expected with the 1961 

population- Qt-risk; 

( d ) with r egard t o SLE both the Mani ot ot o HBD and the 

Otago HBD were statistically significant , but only with t he 1971 

popul a tion-at-ri sk ; 

( e ) the Ot ago HBD had statist ically s i gnificantly mor e 

observed ca ses of SCL than expected with t he three time point 

populations-at-risk. No other HBD was statistically significant; 

(f) Taieri and Horowhenua were the only GC' s to have 

sta tistically significantly more observed cases of CTD's than 

expected with each time point population-at-risk. Paparua and 

Waimari GC's were statistically significant in 1971, with fewer 

observed cases of CTD than expected.; 
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(g) there were statistically significantly more SLE cases 

observed than expected in the ffaniototo GC with the 1971 population

at-risk, while Horowhenua GC was statistically significant with both 

the 1951 and 1961 populations-at-risk; 

(h) Taieri GC was s t ati s tically significant in 1971 with 

more SCL cases ob served than expected; 

( i ) at no scale of areal unit, and a t no time point were 

there statistically significant divergences of observed c~se s of PN 

from those expected; 

( j) stati stically significantly more ca ses of PMS/rnris were 

obs erved in r egions IV (Otago-Sout hl and ) and V (Otago) than expected 

wi t h the 1971 popula tion-at-risk . No r egi on ·was statistically 

signif'icant with either t he 1951 or 1 961 populn. ti on- at-risk; 

(k ) both t he 1:!ellingt on HBD and the Hutt GC had 

s t ati s tically si gnifi cantly f ewer cases of PMS/DMS observed t hru1 

expected , but only with t he 1971 population-at-risk. This ,·vas 

pr obably an artefact of some c ~se notes being destroyed a t one of 

the public hospitals in t his ar ea . If' q new ' expected' fre quency 

figure were computed, including these additional cases, t hose t wo 

areal units would not be statistically significant. 

By successive disaggregations of the data through the areal 

scales it was possible to 'loca te' the principal area that was 

contributing to the statistical significance of region v. This 

area, Taieri GC (and especially Dunedin city) was consistently 

statistically significant at all area l sca les and time points. 

Subsequent research into the spatial and tempora l distributions of 
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each disease subset revealed that it was SCL that was contributing to 

the statistically significantly more cases of CTD obs erved in t his 

ar ea than expected . 

Tempor al changes in t he incidence of CTD' s wer e found to 

have occurred. Otago HBD had statistically significantly more 

observed cases of a ll CTD's, but specifically both SLE and SCL 

case s, in t he 1-'.l.tter period t han expected . ·wellington HBD we..s also 

statisticclly significant in the l atter period . 

No HBD had statistically significantly more or f ower 

observed case s of SLE t han expected in the first time period . No 

statisticc.lly s ignificant .tenporal change in the ;occure:nce · of PN in t he 

re spec ti ve HBD I s wl:l. s not ed . Vincent HBD vras st atistically 

significant in the first period with mor e observed cases of SCL 

t han expected . 

Ther efor e , t he principal hypothesis t hat t here ,rnre 

statistically significm1t spatial variations in the incidence of 

CTD ' s, collectively , was supported . The subsumed hypothes es t hqt 

the individual disease subsets had statistically significant 

spatial variations were not supported f or PN and PM:S/DMS. The 

hypotheses wer e supported with respect LO SLE, ana. SCL. 

The hypothesis of statistically significant tempor al changes 

in the occurrence of CTD's, collectively and s evera lly, was not 

supported with analysis over the study area . At the HBD scale this 

hypothesis was supported. 
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The f'indings of' this analysis, ther ef'ore, have i mplica tions 

with r egard t o both aetiology and prevention. 

FOCYI'NOTES 

1 . The 1971 N. Z. census was t aken on m1.rch 23rd, 1971. 

2. Tho 1951 F .Z. c onsur:i v1a s t aken on 1,pril 17th, -1951. Tho 1961 N. Z, 

census Ytas takon on April 18th, 1961. 

3. ' Disea so d.rainage r aroe.s may bo likened to river c::i. tc:i.:-:,r,nt nrons 

ni th -tho principa l public hospitals of' :::. r egion actin6 'ls the 'mcin 

rivers'. Tho territory c overed by o. r cgj_on, ther of'oro, would bo 

tha t in TThich nlmost a ll pati ents .-rnuld go t o 8. princip1.l public 

hospita l of' th~t region. 
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CHAPTER FOUR 

GEOGRAPHICAL EVIDENCE ON MEDICAL HYPOTHESES
1 

In t his chapter the popul ations with connective tissue 

disea ses (CTD 1 s) vr.i.11 be analysed in t erms of the f ollowing parameters : 

(a ) sex; 

(b ) a ge at onset; 

(c) r nce; 

(a. ) rural and urban distributions; 

(e) oc cupation. 

The se r e sults mny ther ef or e be compar ed t o t he findings of 

oversea s studies which were detailed earlier. 

It vms outside the scope of this thesis t o investigate a 

numb er of possibl e r elationships th~t mny exist bet ween t he environ

ment and t he occurrence of CTD, in t ho statistically s ignif icantly 

defined a r eas. Examination was made, however, of 0no specific medical 

hypothesis, t hat of the possibl e r el a tionship between sunlight 2nd 

the incidence of CTD, especiallysystemic lupus erythema tosus (SLE) . 

This is used principally as an illustrative c~se study of the 

application of a medical geographic methodology to further aetiological 

researoh , 

Sex 

The hypothesis under test was that in accordance with 

overseas studies there is a female dominance in the numbers of cases 



of CTD's, but a male dominance in the cases of the subset disease 

polyarteritis nodosa (PN) . 
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From the analyeis of the data t his hypothesis was supported 

(Table VII ) . For all CTD's f emales comprised 66 . 9zy,; of the morbid 

ca ses, while for three of the individual disea se subsets females 

predominat ed . The female to male r atio was 3 . 6:1 for SLE P..nd 

scleroderma (SCL), and 1 . 14:1 for polymyositis (HflS) e..nd derma tomyositis 

(DMS) . Although t he difference bet ween the sexes in ab solute case 

numbers for PN was only t wo , 2.. mcle dominance (51 . 85%) in total c'.lses 

wa s r ecorded . 

TABLE VII. Mal e and FGmal e composition of each connective tissue 

disease . 

Disea se 

SLE 

PN 

SCL 

PMS/DMS 

CTD 

Age a t Onset 

Male 

21 

28 

11 

22 

88 

Female Tot a l 

77 98 

26 5~-

39 50 

25 li-7 

178 266 

Due to the small numbers of cases involved in t his study 

it was not practical to analyse the parameter of age at onset by the 

more generally used method of five year intervals . Therefore, the 

data was aggregated into the following l arger, but mutually exclusive, 

age deca des : 

(a) up to 19 years of age; 

(b) 20 years to 29 years of age; 
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(c) 30 years to 39 years of a ge; 

(d) 40 years t o 49 year s of age ; 

(e ) 50 years t o 59 years of a ge; 

(f ) 60 year s t o 69 years of age ; 

(g) 70 years and all a ges ol der t han t his. 

CTD 

Ages at onset of disease symptoms r Q.Dged from 1 year old to 

78 years o:f age, with a mean onset age of 41 .1 5 years of age ( s t andard 

devi a ti on (s . d .) = 19 . 00 ). The l arger percent age (44. 36%) of t he 

t ot al ca s es had onset during t he ':!.ge r ange 15 t o 44 years, with a 

slightly small er number ( 31 . 96%) with onset during tho years 45 t o 

64 year s of age . Approxi mat el y 45% o:f all ca ses had ons et during t he 

third , fourth, and :fi:ft h decades of life , ;·,hile 27. 8'2:fo had onset in 

the first t wo decades of life . Al most 36% of t he pa!i ent s, however, 

had onse t when fifty years of age and ol der. 

From the data f emal e s ar e at grea t est ri sk t o contr acting 

these diseases at younger ages t han Iffi l es (Fig . 71 c ) . The mean age 

of onset for ma l es was 47 . 59 yea rs of a ge (s . d. = 17.40), while for 

females , the mean onset a ge wa s 37 . 96 years of nge (s . d . = 18.99) . 

The reversed polarity of the age- sex structure supports this 

contention . Whereas 17 . 77% of the male cases had onset before the 

a ge of 30 , onset for 34. 27% of the female ca ses occurred in the first 

three decades of life . The ma jority of mal es (51 . 14%) had onset 

after the a ge of 50, but for females most ha d onset (49 . 41-i%) between 

the a ges of 20 and 49 . 
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SLE 

The mean age of onset of SLE in this survey, 34-.02 years 

of age, was older than that found by Dubois and Tuffanelli (1964-), 

Maddock (1965), and Estes and Christian (1971) , but younger than the 

mean age of the patients in the Km::-land ~ ( 1 969 ) survey. In 

concert with oversea s studies (Dubois and Tuffanelli, 1964-; Maddoclc; .• 

1965), the greatest percenta ge of ca ses (63.27}&) ha d onset of 

symptoms prior to 30 years of age . In 26 . 53% of t he t ot::Ll cqses, 

onset occurred in the first two decades of life . Onset of t ;1is 

disease therefore occurrs a t a younger age than for the ot her CTD 

subsets . 

From the data it would s eem that females a r e a t grea t es t 

risk of contracting SLE a t a much earlier age than males (Fig. 71 ~). 

The mean age of onset for femal es, 30.85 yeg,rs of age (s. d . = 16.62), 

was 14-.82 years en.rl i er t han t hat f or males (45.67 years of ~ge, 

s.d. = 16 .24) . As Siegel and Lee (1973) had previously observed , 

the highest percentage (63 .64%) of f emal es ha d onsot in the age 

group 15 t o 44 years . Almost 50% of femal e SLE ca s es r ecorded onset 

a s occurring prior t o their thirtieth year, wherea s the figure for 

males wa s only 14.29}6. For males, 76 .1 9}b of the ca ses ha d onset 

after a ge 40 . 

PN 

Ages at which onset occurred ranged from 8 to 75 years of 

age, with a mean age of onset of 47.28 (s.d. = 20.08) years . The 

majority (55.56%) of patients had onset after their fiftieth year 
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which suggests that this disease may not be contracted until l a t er in 

life. Only 20.37% of the t ot al cases recorded onset prior to 30 

years of age, while 38 . 89% contracted tho disease within tho first 

f our decades of life . 

The mean age of onset f or femal es was 44 . 81 years (s.d. = 

22.59), with a r ange of ages from 8 to 74 years . Although 23, 08% of 

the female pati ents had onset in the first t wo decades of life , 

53 .85% had onset aft er tho fourth dece..de (Fi g. 71b). Tho me.le nge 

distribution at onset exhibits a similar trend . With a mean onset 

a ge of 49.57 years (s. d . = 17.55), 57.14% of t ho t ot ~l mal e number of 

cas es had onset n.:fter their fiftieth year, whil e 39 . 29% hn.d onset 

after t heir sixtieth year. 

SCL 

Onset a ge r anged from 7 t o 78 years with 8. medi an of 45 . 98 

years ( s . d . = 16.52). Analysis of t he dat a from t his survoy confirmed 

t he findings from other studies (Tuffanelli wd Wi nkel mann , 1961; 

Medsger and Masi, 1 971 ) • Onl y 1 o% of t he SCL ca ses had onsot o:f 

symptoms during the first t wo decades of li:fe, but 68% had onset 

in, or after their :fortieth year . 

The :female mean age o:f onset was 45.64 years (s. d . = 17.13), 

with a range from 7 to 78 years. Most females (4-3.55%) had onset 

between their fifteenth and fortieth years (Fig. 71d), but 52% had 

onset af'ter t his l atter age . For males the median age for onset was 

47.18 years (s.d. = 14.83) with onset ages ranging from 17 to 73 

years. Males comprised only 18. 7r;$ of all c ases with onset during 
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the first three decades of life, and 21 .74% of those case s with onset 

after age 50. Onset for males generally seemed to occur in the age 

group 30 t o 50 years (45.45%). The low numbers of males in this 

survey with SCL (11) necessi t a t es toot caution b o t aken in 

considering these figures . 

Pfl"S/DMS 

The medin.n age of onse t of t his disense was 40.51 years 

(s.d. = 21 . 08 ) with .'.l. r ang0 from 1 year old t o 77 years . The data 

of this survey does not confirm the results of prevfrus studie s A.s 

to the popul ati on aff ected (Pearson, 1962; Kurland~' 1969). 

Al though the age at onset vnri es vddely , t he l a rgest numb £r of cases 

had onset i n tho fourth and fifth dece.dos of life , with a high onset 

r a te als o i n the first t vw decades . There is, t her efore, p_ bimocl"l.l 

distribution of onset a ges , a s noted by Winkelmann~! al (1968), 

but with tho peaks a nd trc1 ughs occurring in different dece .. de s from 

those of the earlier study. 

For females , th e bi modal distribution is more mnrked, with 

a simila r number of ca ses having disease onset in the first two, 

frurthand fifth; decades of life (Fig. 71 e) . The mean onset a ge wa s 

36.48 years (s.d. = 20.34) with a range from 2 years old to 77 

years. Males, however, exhibited a reverse trend with peaks of 

onset .occurring in the third, fourth, and sixth decades of life . 

With a mean onset age of 45 years (s.d. = 21 .43), 5o% of a ll male 

cases had onset after their fif'tieth year , while 22 .7"$ h~d onset 

prior to age 30. 
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Race 

The hypothesis for testing was tha t there exists a 

differential incidence of CTD between various r aces, specifically 

between Maoris and Europeans . 

Siegel et al ( 1 962) studying SLE; Masi and D ' Angelo ( 1 967) 

studying f a t al SCL and Masi (1967) studying fatal PN in Baltimore ; 

and Medsger et al (1970) studying Pr.::s all found a higher incidence of 

these diseases in Negro women than Negro men or Europeans. Not all 

studies, however, found a r acia l predilection in the incidence of 

CTD' s (Medsger and Masi, 1967; Dubois et al, 1970) . 

In the present study it w,:,_s bel i eved t hat consideration of 

this hypothesis would yield only spurious and meaningle s s r esults. 

The following f actors would play a determining role in th e ~nalysis: 

(a ) The grea t er proporti on of r 2.ces other than Europec.n 

reside outside t he defined s tudy area . At the 1971 census only 

16.96% of t he tota l N.Z. Maori popula tion wer e living in the study 

ar ea; 

(b) Approximately 31% of the tota l number of ca ses in this 

study did not have the answer to the question I what r a ce I included on 

their hospital admission form. 

Thus,between 61 .7($ (PMS/DMS) and 74.07% (PN) of the total 

cases in each disease subset were European (Table VIII). Four Maori 

cases were observed in the survey, of which three had SLE, and one 

PN. Three of the four patients classed a s 'other r aces' were Chinese 

(two had SLE, and one SCL). 
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TABLE VIII. Percentages of connective tissue disease in different 

racial groups. 

Race SLE PN SCL HliS/rn.rn CTD 

Maori 3.06 1.86 

European 64.29 74-.07 66.00 61 .70 76 .4-1 
Other 3.06 2. 00 

Not given 29 . 59 24-.07 32 . 00 38.30 23.53 

Support or r e j ection of t his hypothesis wcs, therefore, left 

in abeyance for this study . 

Rural and Urban Distribution 

An e8.rlier study of hospita l 8.dmission stqtistics suggested 

tha t SCL and WS/DES are predominantly urban diseases , while SLE and 

PN are rural in distribution (Couchman and Wi gley, 1971). 

Due to t he l a r ge urban concentra tion of the N. Z. population 

(70. zfo - 1971 census), and the small number of cases involved in this 

study, the definition of ' urban ' is t hat used by the N.Z. Statistics 

Department (N.Z . Census 1971, Incre~se and Location of Popula tion, 

Vol. 1 ,13) to define 'urban areas': 

"In addition to the central city or borough, urban 
areas (non-administrative) include neighbouring boroughs, 
town districts, and parts of counties which are regarded 
as suburban and as belonging to t ha t centre of population, 
irrespective of their being under different loca l 
ad.ministr a tion." 

There are seven urbnn areas in the study area comprising 70.3fffo of 

the total study area popul ation-at-risk: Palmerston North, Wellington

Hutt Valley-Porirua, Masterton, Christchurch, Timaru, Dunedin and 

Invercargill (Table IX). All other areas were class~d as rural. 
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TABLE IX. Percentages of total connective tissue diseases in the· 

urban areas . 

Urban % population of SLE PN SCL PMS/DMS CTD 
area study area ( 1971 

census) 

Palmerston 
North 4- . 72 8 .16 1 . 85 4-.00 10 .64- 7 .14-

Wellington-
Hutt-Porirua 25.42 17.35 31 .4-8 22 . 00 1 o.64- 19.92 

Masterton 1 . 67 1.02 2.00 0 .75 

Christchurch 22 . 81 21 .43 20 . 37 16.00 17 . 02 19 .17 

Ti.maru 2. 39 3. 06 3.70 2.00 4.26 3.38 

Dunedin 9 .1 8 16.33 12.96 22 . 00 14-. 89 16.54 

Invercargill 4- .1 9 3 . 06 3.70 2. 00 4-. 26 3.38 

Tota l 70 . 38 70.41 74.06 70. 00 61 • 71 70.28 

SLE and PN recorded the lowest percentages of cases in rural 

ar eas , while SCL and PMS/rnrn had t he highest percentages of rurnl 

cases (Table X) . PMS/mns registered the lowest urban to rural ratio 

(1 .6:1 ), ~ith PN recording the highest (2.86:1). Thus, 

except for PMS/DMS, the urban/rural distributions of the disease 

subsets seem to show little departure from the study ar ea norm. The 

null hypothesis (H) under test therefore, was tha t there were no 
0 

statistically significant differences between the urban a nd rura l 

occurrences of the diseases . The chi-square distribution test was 

used with three degrees of freedom, and the level of statistical 

significance set at the 5% confidence level. 

accepted. 

After testing,H was 
0 

At the regional level the null hypothesis for testing was 

tha t the rate for the study area occurred evenly in all urban areas -
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TABLE X. Urban and rural cases distribution of each connective 

tissue disease. 

Urban Rural 

No . % No . % 

SLE 69 70.41 29 29.59 

PN 4D 74.06 14 25.94 

SCL 35 70.00 15 :JJ.00 

PMS/DMS 29 6-1 . 71 18 38.29 

CTD 187 70.28 79 29.72 

that is, t hat urban area s showed only chance fluctua tions above or 

below the number of ca ses t hat would have occurred had the study 

ar ea r a te been experi enced ubiquitously. Region II had statistically 

significantly {p ·.> 95%) less ca ses observed, 5, than expected, 11 .95, 

whil e region V had statistically significantly (p > 95%) more cases 

of SLE Rnd SCL th.qn exp ected. 

Therefore, while no s t atistically s ignjficant distributional 

differences between urban a nd rura l a r eas were evident for each 

disease ever the whole s t udy area , there wero sta tistically significant 

distributional irregularities within individual regions. 

Occupation 

Except for SCL, no studies have revealed a possible 

association between occupations of patients and the incidence of 

CTD's. Bramwell (1914), Erasmus (1967), Rodnan et al (1967), and 

Freneaux et a l (1973) have drawn attention to the increased 

incidence of SCL among miners. 
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The occupational groups used for this study were those of 

the N.Z. Statistics Department (1971 census - 1£~e and Location 

of Population, Vol , 6): 

workers; 

(a) professional, technical,and related workers; 

(b) administr~tive, executive, and managerial workers; 

(c) clerical workers; 

( d) sales workers; 

(e) f armers, fishermen , hunters, loggers, and related 

(f) 

(g) 

miners, quarrymen, and relD.ted workers; 

workers in transport and communications; 

(h) craftsmen, production process vmrkers, and l abourers 

not elsewhere classified; 

(i) s ervice, sport, nnd r ecreation workers. 

Three further groups were constructed for t his study, a s 

some p~tients would not be included into the above categories: 

(j) students which included all t hose persons attending 

some form of educational institution as pupils; 

(k) housewives; 

(1) retired persons, invalids, 

(m) other, r1hich incluc.es children not of an age to be 

in thD category of a student (e.g. a kindergarten child). 

The difficulties in determining a patient's occupation at 

the time of onset necessitated tha t this survey use for analysis 

occupation as at the time of diagnosis. C~ution, therefore, had to 

be exercised in drawing any conclusions from this part of the study 
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as any occupational association with a disea se may be spurious. The 

occupation of the patient may not be that of the time of onset of first 

symptoms. 

While 42 .48% of the tota l number of CTD cases were house

wives, it must be noted that 66.93% of the total C'.1.Ses were females, 

and 51.68% of those were married a t time of diagnosis. In each disease 

subs et at leas t 50% of the total female . cases were housewives . 

Persons in occupa tiona l ca t egory (h) comprised 10.53% of the 

total ca s es, but were male dominated (92.86%), and evenly distributed 

in a ll disease subsets . 

The '1.ge differential betwee n mal es and femal e s a t the time 

of onset W'.l.S emphasised with reference to ca t egories (j) and (1 ). 

M9.l e s comprise only 15.88% of the students with CTD, but r.re 72% of 

those persons classed a s retired or invalids . The younger ego of 

onset for patients with SLE is indica t ed by these figures. Although 

students were 7.14% of the totnl caso number , the ma jority (52.63%) 

wer e SLE patients, who comprised 10 .2CP/c, of all SLE cases. 

No association was noted between SCL and patients with 

silicosis. The only miner recorded in the study was a PN pati ent, 

who worked in the non-silica Ka.itangata mine . The contention, however, 

that alcoholism may be causally related to PMS, did receive some 

support from this analysis. Five FMS patients (two females, and three 

males) had also been admitted to a public hospital with alcoholism. 

Therefore, while no positive associations appeared to exist 
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exist between the incidence of CTD's and patients' occupations, a 

final assessment was precluded because: 

(a ) occupations of patients given wer e not t hose at the 

time of onset; 

(b) non spocifie nature of a pat fonts occupation if 

provided on the hospital ad.Jilission form; 

(c) r el atively small numbers involved in the study. 

Connective Tissue Diser->.se s and Sunshine 

The detrimental effect of sunlight on SL...li; is well 

documented (Dubois, 1974a). Onset and progression of the disease 

frequently follow excessive sun exposure, but it is also clear that 

photosensitivity is not a consi sent or essential part of the disea se. 

The principal ai m of this s ection w'.1. s to establish and 

evaluat e a met hodol ogy which would enabl e a specific medica l 

hypothesis t o be tested employing geographic~l and st atistica l 

t echniques. The method could subsequently be applied t o the 

examination, at the wider sca le, of possible r elationships between 

the occurrence of CTD's and vari ous environmental f actors. 

The hypothesis for testing was tha t t he occurrence of SLE 

is related to areas with high sunshine hours rather than low sunshine 

hours. 

Method 

The method of analysis was an extension of a technique 

employed in earlier studies (McGlashan, 1969b; Borman, 1974). 
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Cases of SLE were plotted (by the dot distribution t echnique) on a 

chloropleth b~se map of four divisions of me an annual hours of bright 

h . 2 suns ine. Overlaying of ~ dot distribution map of tota l popula tion 

in the study area , gave t ho divisions of population resident within 

each sunshine hour division . In a simple manner this allows ono to 

assess whet her or not statistically significantly di fferent incidence 

r ates or statisticially significant deviations from expected case s 

occur in different sunshine areas (McGlashan, 1974a). Therefore, 

sta tistica lly significant levels of a ssociation-in-s~ce mcy ( or may 

not) be illustrated. The tota l population of a district can be 

brought t o a ccount in the ca lculations of statistically significant 

correspondence in space. 

Results 

When the incidence r nt es of SLE in e,3.ch sunshine hour 

region were compnred t o the Poisson distribution it was :fcund t hat no 

area had a statistically significc1.nt divergence o:f ob served cP,ses from 

those expected (Fig. 72). Analysis of t he dat a 3uggosts tha t, · 

contrary to the findings of some oversea s studies, the incidence of 

SLE in t he study area is not in a statistically signi:ficant relation

ship with sunshine hours. The hypothesis therefore , was not supported. 

This same method was applied to the occurrence o:f al l CTD 's 

as a group, and to the other subsets of CTD, PN, SCL, and PMS/DMS. 

When the distribution of CTD's in each sunshine region were 

checked for statistical significance, it was found tha t areas with 

1800 or less sunshine hours had statistically significantly (p> 99%) 
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more observed case s than expected (Table XI). 

TABLE XI. Significance test of the correla tion between the spatia l 

distribution of connective tissue disea ses and sunshine 

* hours. 

Mean annual hours Popula tion Observed Expected Poisson 
of bright sunshine 1971 C A. SOS ca ses probability 

2200 and over 21 , 981 5 4.83 norm 

2000 - 2200 392,544 74 86 .29 norm 

1800 - 2000 602,998 120 132. 56 norm 

1800 and l ess 192,523 67 42.32 99% high 

Total 1,210,046 266 266.00 

* aft er G2.rnier, B.J., 1958, The Climate of New Zeal an~ Arnold . 

Thero we r e no statis tically significant divergences of 

obsorved PN ca se s from t hose expected in any of t he sunshine r egi ons 

(Table XU), but with regard t o SCL (TablG XIII) t h0 .:crea s recoiving 

1800 or less hours vw r o sta tistically significant (p 7 95%) . Testing 

the distribution of PMS/DMS (Table XIV) for statistical signif icance 

r evealed that those a rea s receiving 2000 t o 2200 mean sunshine hours 

had statistically significantly (p-:;:, 95%) fewer observed cases than 

expected. While areas with 1800 or less mGa!l sunshine hours had 

statistically significantly (p > 95%) more cases than expected. 

Therefore this FMS/DMS data does not support the contention that this 

disease may be associated with high sunshine hours. 

This method can be of use principally against physical 

variables, in any situations where total popul ~ti9n dot me.ps al low 

both the cases and the population-at-risk to be divided into separate 
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TABLE XII. Signif'icance t0st of the correlation betvreen the spo.tial 

distribution of polyarteritis nodosa and sunshine hours .~ 

Menn annual hours Population Observed Expected Poi sson 
of bright sunshine 1971 ca sos ca ses pr ob.'1.bili ty -------~ .. 
2200 o.nd over 21 , 981 2 0 . 98 norm 

2000 - 2200 392,541-l- 20 17 . 52 norm 

1800 - 2000 602,998 23 26 . 91 nor m 

1800 end l ess 192,523 9 8 . 59 nc rm 

Tot al 1,210,046 54- 54- . 00 

~ after G-arnier, B. J •' 1958, The Climate of Nmv Zoal and, Arnold, 

TABLE XIII. Significnnco t est of t he corre l a tion bet w0on t he sp~tia l 

di stri bu tion of scleroder m.1. and sunshine hours .J£ 

- ~-- ~- ~------------~---~~-------
Moan annual hours Po pule. ti on Observed Expected Poi s son 
of bright sunshine 1971 C'.l S 8 S C0.SO S pr obe.bili ty 

2200 e.nd over 21 , 981 1 0 .91 nor m 

2000 - 2200 392,541-l- 15 16.22 norm 

1800 - 2000 602 , 998 19 24-. 92 nor m 

1800 and l Gss 192,523 15 7.95 95% high 

Tot al 1 , 210,046 50 50 .00 

* after Garnier, B.J., 1958, The Climate of New Zeo.land, Arnold. 
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TABLE XIV. Significance test of the correlation bet ween t he spatia l 

distribution of polymyositis and dermatomyositis and 

sunshine hours. * 

Mean annual hours Population Obs0rved Expected Poisson 
of bright sunshine 1971 ca ses CQses pr obability 

2200 and over 21 , 981 2 o . 85 norm 

2000 - 2200 392 ,541+- 6 15 . 25 95% l ow 

1800 - 2000 602,998 25 23 . 41 nor m 

1800 EU1d less 192,523 14 7.48 95% high 

Total 1, 21 0 , 046 47 47 . 00 

* aft er Gr>..rni er, B. J •' 1958, The Climat e of Nev, Z0al and, Arnold. 

a r eas on t he basis of any r elevant se t of isopl eth lines. This t est 

can be appliea. seriatim against any number of i soplethod p3.ramet ers. 

As the r esul t is ~ one- to - one rel~tionshi p, no difficult y of i nter

proo.tion can occur, as it often doe:s wi t h i nsbnces of multiple 

causo.tion or non-linear r elationships (McGlashan , 1974-a). 

Summary 

From the analysis of tho data in t his chapter t ho foll ov,ing 

were found t o apply t o the incidence of CTD, collectively and 

s ever ally: 

(a ) that females are at greatest risk t o contra cting SLE, 

SCL, FMS/DMS, whereas males are t he dominant sex of PN ca ses ; 

(b) fema l es are a t grea test risk to contracting all subsets 

of CTD's a t an earlier a ge than males. Usually onset occurs during 

the first f our decades of life. Mal es, however, are at greatest risk 

in their fi ~th and l ater decades of life ; 
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(c) onset of the first symptoms of SLE occurs at an earlier 

age for both sexes than does onset for the other disease subsets; 

(d) t here appears to be no association of CTD incidence 

and occupations of the patients, but further testing is required for 

more specific information to be gained; 

(e) the incidence of the disease s does not exhibit a 

significant urbnn or rural bia s over the nhole study a reE;., but in the 

urban area of r egi on V (Otago) stctistically significantly more ca ses 

wer e ob served than expectGd for SLE and SCL. Statistically signifi

cantly fewer cases wer e observed in the urban area of r egion II 

(Wellingt on- Mnrlbor ough); 

(f) No correlation nas sho~n bet ween t he incidence of SLE 

and areas of hi gh sunshine hours. PMS/DHS incidence vms found to be 

statistically significant in the low sunshine nr eas, which was further 

supported by the statistically significantly fewer observed cases 

recorded in t he second t o hi ghest sunshine c.rea than wer e expected. 

The lov1 sunshine 9.rea also showed statistica lly significantly mor e 

observed SCL cn. ses than expected. This sunshine r egion does, 

however, include the Dunedin IU'0a which was consistently statistically 

significant throughout the spatial analysis. 

With regard to 13€;8 at disease onset the resultsof t his 

survey generally confirm the findings of overseas research. Lack of 

data and when available, its unrealiability, precluded tho application 

of rigorous statistical tests to determine the possible as socia tions 

of the diseases with race and occupation. The conclusive findings 

of no association between the incidence of SLE and areas of high 



2.56 . 

sunshine hours further confuses the aetiologica l 'picture ' of SLE. 

It a lso suggests that other environmental variables should be 

considered as being possibly a ssocio.ted vn th SLE. 

Footnotes 

1 • 

2 . 

This is tho ti tlc of o. paper by McGl .:::,, shan, N . D., 1967a . 

Garnier , B. J., 1958, The Climate of New Zoal Eind , Arnold. 
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CHAJTER FIVE 

CONCLUSION 

The analysis of the da t a of this survey highlighted two 

important features which have implication for medical geography and 

rese~rch into the aetiology of connective tissue dise~ses. 

Firstly, through the methodology employed, it was shown 

that spurious results may accrue from netiological research ba sed 

solely on the cnlcul~tion of mortality or incidence r a tes. Although 

crude r ates were used in t his survey, refinement of these with regard 

to the ~ge and s ex of the popul a tion-at-risk will not overcome ~11 

size v'l.!'iations in t he popula tion structures of the various a r enl 

uni ts . Thus, the consequent incidence r ates will not be of 

compatible reliability. In this survey, it rrns shovm that the 

Maniototo Geographic County (and Hospita l Board District) recorded a n 

exceptiona lly high incidence r a te for all connective tissue diseases 

(CTD) and systemic lupus erythemntosus (SLE), but it ha d only ti:rn 

cases (both SLE) located within its boundaries at the time of onset . 

The population (1971 census) wa s 2,737 . Conversely, the l arge 

population area of the Hutt Geographic Country, with fifty-five CTD 

ca ses, recorded low incidence r a tes. Therefore, from such rates one 

may be lead to believe that further aetiological research should focus 

on these two ' tails of the distributions '. The r ationale would be 

that it was within these areas tha t the greatest contrast in possiblo 

associative factors of disease incidence will be found . The spatial 
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variations and tempor a l changes in the incidence r a t es could have 

been the product of chance f actors, and thus there becomes no need 

in seeking explanation of such patterns . 

Probability mapping , hovrever, enables the researcher to 

consider t he in:f'luence of chance, and so define meaningful spatia l 

and tempora l va riations . The s i gnificance of medical distributions 

may t hus be a ssessed . If a distributi on is found not t o be t he 

result of ch~nce , then, nnd only then, i s it appropriat e t o seek 

expla nati on . In the present s tudy , a lthough vlith only modcr nt e 

incidence r a tes for the di sea se subsets, the Ot a go 2rea wa s found t o 

be consistently s t atistically significant ~t throe ~r eal sca l es, and 

through tme . Wher eas TThen th e r 2.t e s f or t he ver y hi gh incidence 

ar eas were conpar ed t o the Poisson distribution it was genor .qlly 

f ound that t hey were not s t atistically significant . 

Theref or e , it is important f or aetiologica l s tudios t o t est 

disea se di stributions for s t ~tistica l significance, and not t o rel y on 

varia tions in incidence r a tes as the ba s is f or further inve stigative 

r e search . I n medica l geography t his step t o probability mapping is 

even more important . As geography must genera lise about an area , its 

hypothetical r el ationships are also generalisation (McGlas han, 1972b). 

Correlations in space can be a s misleading as correl ations in time 

(Doll, 1959) and t hus it is vital t hat a ssociations tha t may have 

occurred by chance not be considered further . An association may 

seem to exist, but until it reaches a statistically significant level 

no a ttempt should be m de t o expl a in it . By its very scope 

medical geography cannot provide proof but it can postulate 
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hypotheses that may lead to the breaking of a disea se ca usat ive 

chain. Confirmation of these will lie with specialists tra ined in 

the 'microscopic' investigative t echnique. 

Secondly, the spacio-tem.pora l definition of the disease 

dat e. in t his survey indicat ed tha t CTD' s do have a statistically 

significant spatial vnriation in occurrence. The Otago are"- was 

f ound to be highly statist ically s ignifi cant, t hrough time ~nd 

space . While some me~suro of recording bia s may have occurred due 

to the location of pr ominent medicc l facilities in the are~, further 

research r eveal ed tha t a single disense , SCL, was the principal 

contributor"J f actor t o ti1is high statistically signific~nt level . 

The Hor owhenua are,?. i n the North Island v:n.s also found t o be a 

statistically significant a rea . Further r esearch into the aetiology 

of connective tissue diseases should , t herefore, focus on t hese t wo 

a r eas . Ini tially emphasis needs t o be on establ i shing if ~ny simila r 

environmenta l factors exist in both areas . 

The structure of t he populations '.ll'f ected by these disea ses 

was al so researched. Generally, ther e was accord ,.-,it h t he findings 

of earlier studies. In view of the r acia l differentiation of 

connective tissue disea se incidence found elsewhere, this paramet er 

should be investigated in area s where there are appr eciabl e numbers 

of r aces other than European. Males s eem to be at risk at a l ater 

age than femal es for all diseases, while for both sexes e.ge at onset 

of SLE occurs earlier than for the other disease subsets . The small 

number of cases involved precluded a consideration of an a ssocia tion 
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of the diseases with a patient's occupation, and f'rom the dat a no 

distinctive urban or rural distributional bias in the incidence of 

the disease was found . 

Ancillary research is now being conducted on the dat a 

collected f or t hi s s tudy . Dr Kinlen of O:xf'ord University, England, 

is wor king on a cluster analysis (Knox, 1 963, 1964n, 1 964b, 1971 ) a s 

a test of the hypothesis that this is n. transmissible disease . A 

possible 3.ssoci-'ltion of patients with polJI!l-ysoitis who had been 

admitted t o hospi~1.l with a lcoholism is als o being investiga t ed . 

It WE',, S t ho purpose of t his thesis to demonstrate the 

application and utility of n. geographi c.:-1.l 2.pproach t o medic-".l 

r es eo.rch, Yihile at the s ,~e time providing £l. perspective on t ho 

natural history of connective dissue disea ses . As t he sp-1.tial 2.nd 

temporal definition o~ disen.ses i s t he ba se upon which either 

c.s sociati ve or diffusion studies must r est, t hi s s tudy ho1010ver, 

should only be r egarded a s the first sta ge in continuing research 

into the aetiol ogy of these r .3re diseases . 
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by Dr R.D. Wi 8ley, Director, Palmer st on North Modic ::i.l 
Research Laboratory, Palmer st on North Pub l ic Hospital. 
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Tho connective tissue disoaso3 11.r o complex disorders which 

a r e r eadily r ocognisoa. in their f l orid form , but epi sodes of illness 

contribut ing t o tho compl ete pattern may occur at different points 

of time so that ther e i s usun.lly a period of illness when definite 

distinction from other di seases is di fficul t or not poss ible . For 

s tudios of the epidemiol ogy of those diseases and for comparison of 

trea t ments used i n di ffer ent centres a standardised, r epr oducible 

mothocl for co.t ogorising t hose di soasos is r equired . Tho _l\mflrican 

Rheum2.tiso .M~sociation ( 1 971 ) h2.s published a scnring syst em for the 

defi nition of SLE . A lis t nf 57 vnrinbl os pr oved too l a rgo t o 

classify by cluster anal ys is. Tho list r.':-,s r oducod t o fourteen and 

t ho sensitivity and specificity of only selected combinations wor e 

studied. These 14 (Table one ) fori'.l t ho preliminary criteria for tho 

cla ssification of SLE. This sys t em r,as used in tho present study 

TTith tho addi tion of a signifi cant anti- nucloar antibody t i t r e (more 

the..n ono in ton ) as oquiv'll ent to positive LE cells , as r ecommended 

by Fries ( 1974). An additional point was a llo-w .d for dofini to 

histological evidence of SLE a s tho specificty is high, t hough tho 

s ensitivity of this feature is low. 

Similar scor e s have not till noTT been published for the 

other connective tissue diseases so that t hose have been developed 

by the authors of thi e study. The various features r ecorded were 

,.eight.cd according t o the emphasis given i n the literature . All 

data sheets were then classified into de~inite probable and 
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possible cases in a normal clinica l manner (R.D.W.) . The possible 

ca ses wore excluded and tho remainder tested in tho computer for 

a groomont b et ween the clinica l and score diagnosis . The score ,1as 

then :1.djustod by trial and error till tho best fit Has a chieved, a 

score of four or more a llowing a definite classification (Table two) . 

Tho remaining cases were excluded from further analysis except whor e 

five or mor e points wer e rec orded t onG.rds any of the categories . 

Those ca s e s (CTD) wer e included with t he analysis of all the 

connective tissue diseases onl y . As all the diseases have f eatures 

in common t his gr 0uping rras justif i ed by tho assl.lliption t hn.t they may 

have a common causation, and so di s tribution, in r el ati on to t ho 

geographical variabl es studied. 

Tho l eve l of agr eeocnt a chi eved f'or PN, SC1 end DriiS/PHS 

compar ed f avour e.bly with th._1.t of t ho mcd.if i od .A,';Jcrican Rheumatism 

Ass oc i n.tion s cor e used. Except f or PH spocifici ty exceeded 

sensitivity, s o t hat mor e ca s es vmre lost fr crn an insufficient score 

(34) than vmro gai ned f r on a pos itive score with onl y a pr obable 

clinical dbgnosis ( 14) . This t endency Wr'. S considL-rod dosirn.ble 

i n t hi s study \/hero doubtf'ul c11scs 2.rc best excluded . Seventeen 

ca se s not scoring f our in t ho specif ic ca tegories scor ed f'ive or 

more in any cat egory and so were included in tho general a nalysis 

a s having connective tissue disea se (CTD). 266 of the original 292 

remained in the conbinod analysis . The clinical dia gnoses t hat wore 

positive with a score b elow f our usually depended on r are but 

specific features not occurring f'requently enough for inclusion 

in the score . 
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Clinical diagnosis depends on appreciation of the whole 

pattern of detailed observations over a poriod of time and only a 

simplified version of this can bo handl ed by computer. The 

advant age of computer diagnosis is th:1t it can be applied without 

bias t o data collected by physicians other thP.n tho one responsible 

for the scoring system, though bearing tho imprint of tho particular 

physician ' s concept of the various diagnoses. Tho ob j::cti vely appli ed 

score als o allovrn elimin,.tion oi' ca ses in nhich tho diagnosis is 

l ess certain ate. uniforo cut off point so that only ca ses on which 

most physicians ,7ould agr oo on dic.gnosis are included. This 

minimises inter-district differences duo to different degrees of 

a ssiduity in identifying those diseases . 

Tabl e t hroe shov;s tho details of ca ses remaining in the 

analysis i n this c , togory. Table four shows the frequency of tho 

recorded features in r el a tion to the diagnosis by score and in those 

scoring fi vo or r.io r e points in any category ( CTD). Table five shows 

the sensitivities and specificities for each feature r ecorded in 

relation t o disease ca t egory. Table six sho~s tho final scor es 

attributed to the features used in scores for poly~rteritis nodosa, 

sclorodorma , polymyositis and dermatomyositis . 
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TABLE ONE 

Prolimin~ Crit~ria for Classification_of SLE 

Tho proposed criteria aro based on 14 manifestations which 

include 21 items, as folloTTs . For t he purposes of classifying 

pati ents in clinical trials , population surveys and other such 

studies , a person shall be said t o have systemic lupus erythem~t osus 

(SLE) if any 4 or more of t ho followi ng 14 manifestat ions are 

present , serially or s i multane ously, during any interval of 

observation . 

1. Facia l Erythema Qlutte:rj'ly Rash). 

Diffuse orythema , flat or r a ised, over t he male..r or1inonce(s) 

and/or bridge of the nose ; riP-y be unilateral. 

2 . Discoid Lupus . 

Erythematous r a is ed patches with adhorent korat otic scaling and 

follicular plugging; atrophic scarring may occur in older 

lesions; may be present anyvrhor o on the body. 

3. Rill7:2aUcl' s Phenomenon . 

Roq_uires a hm-phnse col our r 0,0_ction , by pa tient's history or 

phys ician ' s obs ervation . 

4 . Alopocia . 

Rapid loss of largo aocunt of t ho scalp hair, by patient ' s 

history or physician's obsorvo.tion . 

5 . Photosensitivity. 

Unusual skin r eaction from exposure t o sunl ight, by patient's 

histor-J or physician ' s observation . 

6. Oral or NasoEharyngeal Ulcor~tion . 

7. Arthritis without Deformity . 

One or more peripheral joints involved with any of the following 

in tho absence of deformity: 

(a ) 

(b) 

( C) 

Pain on motion, 

Tenderness, 

Effusion or peri:i.rticula.r soft tissue swelling. 
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(Peripher al joints aro dofinod for this purpose as feet, ankles, 

lmees, hips, shouldGrs, elbows, wrists, me t acarpophal angoal , 

proximal interpha l angeal, terminal interphalangoal and 

temporome.ndibula r j oints.) 

8 . L.E. Cells. 

Two or nor e class ica l L.E, cells seen on one occasion or one 

coll s een on two or mor e occas i ons, us ing an accept ed published 

method . 

9. Chronic False- Pcsitive STS. 

Knovm t o be present for a t least six months and cc:nfirmed by 

TPI or Reitor's t ests . 

10. Profuse Prot einuria , 

Great er than 3.5 gm per day. 

11 . Cellular Casts , 

Ho.y be rod coll, hemoglobin, gre.nular, t ubul ar or mi xed. 

12, Ono or both of the fell owing: 

(a) Pl euritis , good history of plcuritic pain; or r ub hco.rd by 

a physician; or x-ray evidence of bet h pl eura l t hickening 

and fluid, 

(b) Poricarditis, documented by EKG or rub , 

1 3. One or both of t he f ollowing: 

(a ) P~chos i s , 

(b) Convulsions, by patient's history or physician' s observation 

in the absence of uremi a and offending drugs . 

14. One or mere of tho following: 

(a ) Leukopenia , WBC less than 4 , 000 per cu mm on two or more 

occasions , 

(b) Hemolytic anemia , 

(c) Thrombocytopenia, platelet col.Ult less than 100,000 per cu 

mm . 



TABLE TWO 

All definite and probable clinica l diagnoses aro shown in thi~i Table uhich shov,s the interrelationships 

of clinical diagnoses and s core diagnose s and tho pe rcentage in Y,hich the t-.rn were in agreement. 

SCORING SYSTE:M 

------- -- · 
SLE Pr.T SCL PMS C'l'D REK4.INDER 

rn:s 
4 4 4 lt- 5 

-----~-~-~ ---------...-. --~-~ 
SLE I 
PN i 

I 
SD i 

l 
PMS ! 

DMS I 
All 
Probable 

Ca ses 1

1

· 

Total I 
% I 

I 
Agreomenti 

I 
I 

89 
1 

1 

-

7 

98 

91 

3 
47 

-

1 

3 

54 

87 

--------------- -·· ··-· ·-- -

1 
-

l~7 

-

2 

50 

94 

2 

-
-

43 

2 

47 

91 

3 13 
1 4 

3 6 

1 3 

q ., 

17 26 

---- - ----·---- -----· ------

Tota l 

111 

53 

57 

48 

23 
292 

% Agreoment / 

I 

80 I 
89 I 

I 
I 

82 I 

90 

N 

°" °" . 
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TABLE THREE J_ 4-l 

Shows the clinica l features contributing to the scores of cases 

with five or more points but not s atisfying the criteria for 

individual di seases . These ar e defined as having connective 

tissue disease (CTD). 

No. of 
ca se Score 

59 7 

83 5 

91 5 

111 6 

187 12 

201 5 

242 5 

266 6 

276 7 

343 6 

4D7 5 

436 6 

472 5 

465 10 

Eosinophilia , periphera l neuritis, pericarditis , 
myositis, and asthma . 

Pl euriti s , hypertension, er ythema nith skin 
oeder:ia. , and a biopsy positive for SLE. 

Hypertension, Raynaud I s phenomenon, arthritis 
without deformity, and red cell casts in the 
urine. 

LE cells, r ed cells in the urine , hypertension, a nd 
biopsy positive f or PN. 

Pleuri tis , Raynaud ' s phenomenon, arthritis without 
defonni ty, ski n thickening , muscle wealme ss , muscle 
tenderness , er yther1a , lung fibrosis, and biopsy 
positive for PN. 

Periphera l neuri t i s , hypertension , er ythema , a sthrtl"., 
and testicular pain . 

Pr oteinuria and ca s t s , pleuri tis, ,lasting and 
er y t hema with ski n oedema . 

Eosinophilia , pleuritis , Raynaud ' s phenomenon, 
arthritis without deformity, erythema , and 
testicular pain. 

Pericarditis , skin thickening, lung f ibrosis, a nd 
bi opsy positive for PN. 

Pl euritis, arthritis without deformity , skin 
thickening, muscle weakness, a nd erythema. 

LE cells-, red cells in the urine, pleuri tis, skin 
oedema, and a necrotic ulcer. 

Proteinuria with pus and red cells, thrombocytopenia, 
hypertension, f acia l erythema, muscle wealmess and 
wasting. 

Red cells and casts in the urine, Raynaud's phenomenon, 
and necrotic ulcer, and positive LE cells. 

Proteinuria with white and red cells and casts, 
muscle weakness and wasting, and biopsies consi stent 
wi th DMS and PN . 



No. of' 
case Score 

5 

502 13 

564 6 
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Urinary pus cells, pleuritis, arthritis without 
def'ormity, skin oedema, and positive ANF . 

ANF positive, proteinuria , l eucopenia , t elang
i ectases , Psychosis, convulsions, facial er ythema , 
Raynaud's phenomenon, photosensitivity, skin 
thickening, ulceration and calcification of 
fingers. 

LE cells , hypertension, arthritis without 
def'ormity, muscle neaking, muscle t enaerness, and 
erythema . 
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TABLE THREE (B) 

Shows details of the patients scoring three or four points but not 

fitting any of the individual disense scores . 

No . of 
Ca se Score 

4-8 3 

52+- 4 

72 4 

77 4-

118 4 

119 4 

126 4-

13() l~ 

245 3 

287 4 

321 4 

368 4 

393 4 

415 4 

419 4 

422 4 

461 4 

Urinary casts, hypcrtonsion,and arthritis without 
deformity. 

Pleuritis , pericarditis, hypertension, Raynaud1 s 
phenomenon, and arth.ri tis v,i thout deformity. 

Facial erythema , photoncnsitivity, arthritis 
without deformity, and skin oedema. 

Urina ry casts, skin thickening of fingers, and 
lung fibrosis . 

Arthritis without deformity, and biopsy positive 
for mm. 
Urinary ca sts , arthritis v,ithout deformity, muscle 
neakness and tend0rness. 

Pl euriti s and pericarditis, arthritis without 
d0formity, orythcmn , and positive LE cells. 

Leucopcnia , ar thritis 1.1 ithout deformity, erythema , 
and pos itive LE cells. 

I'l euritis , Raynaud ' s phenomenon, a nd a rthritis 
vli. thout deformity. 

Pl euri tis, art hritis i: i t hout deformity, testicular 
pain and positive LE ~ells . 

Proteinuria , eos inophilia , and biopsy positive 
for SLE. 

Hypertension , arthritis ,d. thout deformity, l arge 
artery occlusion, and n necrotic ulcer. 

Hypertension, arthritis nithout deformity, erythema , 
and asthma. 

Eosinophilia , arthritis without deformity, erythema , 
a nd n3thmn. 

Hypertension, f acial erythema , arthritis without 
deformity, and positive LE cells. 

Pleuritis , arthritis without deformity, skin 
oedema, and positive LE cells. 

Pus a nd red cells and casts in the vrine, facial 
erythema and discoid lupus erythematosus . 



No . of 
case Score 

480 4 

491 4 

497 4 

530 3 

531 4 

556 4 

561 4 
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Pus cells ond casts in the urine, Qnd arthritis 
cithout deformity . 

Psychosis , rirthri tis ,:i thout deformity, erythema 
and skin oedema , and positive LE cells. 

Arthritis without deformity, crthyma, positive 
LE cells, and EMG for myos itis . 

Proteinuria with pus and r ed cells and casts, 3.!lcl 
arthritis ni t hout deformity. 

Proteinuria , Rnynaud' s phenomenon, muscle r.reakness 
o.nd wasting. 

Arthritis nithout deformity, muscle weakness , 
~ueclo t enderness, and erythema . 

Photosensitivity, a rthritis without deformity, 
orythema , and positive LE cells. 
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TABLE FOUR 

The frequency of features contributing to the scores in each disease 

category studied by score diagnosfs. 

(A) 
Combina tion 

SLE PN SCL DMA PMS (>4 points) Tota l Feature 

8 6 3 1 0 2 20 Nodules 

0 0 0 0 0 0 0 Nil 

3 1 0 -1 0 1 6 Nailfold erythema 

7 1 0 0 0 0 8 Non blanching 
focal erythema 

9 10 7 0 3 1 30 Myocarditis 

1 0 0 0 0 0 ·J Cytoid bodies 

7 0 1 0 0 0 8 Endocar di tis 

13 3 1 0 0 1 18 Oedema, generalised 

4 7 1 0 0 2 1l;. Peripheral neuritis 

3 4 0 1 0 0 8 Peritonitis 

16 1 3 0 2 1 23 Splenomegaly 
21 16 3 3 3 

;-
52 Pneumonitis 0 

0 0 0 0 0 0 0 Fyasthenia gravi s 

41+. 9 9 1 2 7 72 Pl euritis 

27 7 7 0 1 2 4-4 Pericar ditis 

52 18 4 7 2 G 89 Fever 

25 17 10 3 2 6 63 Hypertension, 
degr ee 

38 1 0 0 0 1 4D Biopsy (SLE) 
10 1 1 0 0 0 12 P almar' erythema 

10 0 0 2 1 0 13 Fingertip erythema 
61 1 1 7 1 2 73 Facial erythema 
12 0 0 1 0 0 13 Discoid lupus 

23 3 33 4 4 5 72 Raynauds 

5 0 0 1 0 0 6 Alopecia 

25 0 1 5 0 1 32 Photosensitivity 

11 5 0 4 0 0 20 Oral/naso ulcer 

51 18 2 2 3 6 82 Arthritis with-
out deformity 
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Combination 
SLE PN SCL DMA H.'iS (>4 points) Total Feature 

--·---
64 20 5 4 7 12 112 Pain on motion 

51 17 4 3 5 9 89 Tenderness 

43 14 2 3 4 6 72 Effusion or per-
articular soft 
tissue swelling 

14 5 2 1 1 1 24 Psychosis 

10 3 1 1 0 1 16 Convulsions 

7 3 3 1 0 1 15 Drug sensitivity 

5 2 2 1 0 1 11 Allergy 
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(B) 

Combination 
SLE PN SCL DMS PiliS (>4 points) Total Features 

0 0 24 2 0 0 26 Biopsy (SCL) 

1 1 45 0 0 I+ 51 Skin thickening 
(finger) 

0 1 14 0 0 1 16 Finger ulcers 

0 0 19 0 0 1 20 Face 

0 0 18 0 0 C 18 General 

0 1 22 4 3 0 30 Oesophagus 

0 0 2 0 0 0 2 rforphoea 

0 0 11 0 0 1 12 Calcinosis fingers 

0 0 4 1 0 0 5 Calcinosis muscle 

1 1 3 22 18 1 46 Biopsy (DMS ) 

0 1 2 15 20 1 39 Myositis 

3 8 3 11 15 5 45 Muscle weakness 

3 4 4 11 17 3 h2 Wasting 

3 4 0 8 1 3 2 30 1r.uscle tenderness 

0 0 0 3 2 0 5 E. Y. G. 

31 12 1 19 0 7 70 Erythema 

0 1 0 9 0 0 10 Violaceous colour 
under eyes 

0 0 1 5 0 0 6 Collodian patches 

1 3 5 12 0 4 25 Skin oedema 

3 51 2 0 0 4 60 Biopsy (PN) 

3 8 13 0 2 2 28 Lung fibrosis 

1 6 0 0 0 2 9 Asthma 

0 0 0 0 0 0 0 Myelitis 

2 9 1 0 0 0 12 Mononeuritis 

1 6 1 0 0 0 8 Nasal granuloma 

0 3 0 0 0 0 3 Encephalitis 

1 8 0 2 0 0 11 Large artery 
occlusion 

9 9 10 5 0 2 35 Necrotic ulcer 

0 5 0 0 0 0 5 Livedo reticularis 

2 1 0 0 0 1 4 Digital arteritis 

0 2 0 0 0 1 3 Testicular: pain 
ana/or swelling 



(C) Laboratory Features 

Combination 
SLE PN SCL DMS H!IS (.>4 points) Total Features 

15 1 0 0 0 4 20 ANF 1/10 - heat 
stable 

5 3 0 0 1 1 10 ANF 1/10 - granular 

71 0 2 1 0 4 78 LE cells 

6 2 1 1 0 1 11 Coombs - direct 

6 0 0 0 1 0 7 Coombs - indirect 

57 15 5 1 0 4 82 Proteinuria 

41 15 4 4- 3 3 70 Pus cells 

40 19 5 4 3 4 77 Red cells 

39 10 2 3 1 4- 59 Casts - plain 

17 5 0 1 0 1 24- Casts - cellular 
0 0 0 2 0 0 2 False positive W.R. 

22 1 1 0 1 1 26 Thrombocytopaenia 

3 0 0 0 0 0 3 Hemolytic anaemia 

31 3 5 0 1 1 41 Leuoopenia 74000 

4 18 1 0 4- 3 30 Eosinophilia 

1 0 7 0 0 0 8 Telangiectasis 

75 4 2 1 1 6 89 At least one of: 
LE cell, ANF titre 

56 11 13 1 3 9 93 At least one of: 
Pleuritis, peri-
carditis 

21 8 3 2 1 1 36 At least one of: 
Psychosis, 
convulsions 

43 3 6 0 2 2 56 Thrombocytopaenia, 
Haemolytic anaemia, 
leucopenia 

5 14 2 0 0 2 23 :Mononeuri tis, 
peripheral neuritis 

21 10 3 2 1 1 38 Psychosis, convul-
sions, myelitis, 
encephalitis 

69 27 11 6 3 9 125 Proteinuria, red 
cells, pus cells 

1 1 4 25 22 2 55 Biopsy (DMS), 
Myositis 
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Combination 
SLE PN SCL DMS nm (?4 points) Total Features 

--
32 14 6 23 0 9 84 At least one of: 

Erythema, Skin 
00dema 

17 4 0 0 1 4 26 ANF heat stable, 
ANF granular 

41 11 2 3 1 4 62 Casts - plain, 
Casts - cellular 



276. 

TABLE FIVE 

This shows the sensitivity and the specif'icity of each of the features 

cont~ibuting to the so.ores for the different clinical diagnoses. 



(A) SLE 

Features n = % % n = % % n = % % n = % % n -- - % % n = % % 
98 Sen Spe 54 Sen Spe 50 Sen Spe 25 Sen Spe 22 Sen Spe 47 Sen Spe All Combinations 
SLE PN SCL DMS Pi'!iS DMS n = 266 

(PHS) 
Facial Erythema 61 62 84- 1 2 1 1 2 1 7 28 10 1 5 1 8 17 11 73 
Discoid lupus 12 12 92 0 0 0 0 0 0 1 4 8 0 0 0 1 2 8 13 
Raynauds 23 23 32 3 6 4 33 66 46 4- 16 6 4 18 5 8 17 11 72 
Alopecia 5 5 83 0 0 0 0 0 0 1 4- 17 0 0 0 1 2 17 6 
Photosensitivity 25 26 78 0 0 0 1 2 3 5 20 16 0 0 {) 5 11 16 32 
Oral or nasal 
ulceration 11 11 55 5 9 25 0 O· 0 4 16 ';!) 0 0 0 4- 9 20 20 
Arthritis without 
def'ormity 51 52 62 18 33 22 2 4 2 2 8 2 3 14 L~ 5 11 6 82 
LE cells or if' 
ANF 1/10 75 77 84 4 4 4- 2 4 2 1 4- 1 -J 5 -J 2 4- 2 89 
Chronic false 
positive STS 0 0 0 0 0 0 0 0 0 2 8 100 0 0 0 2 4 100 2 
Profuse 
proteinuria 57 58 70 15 28 18 5 10 6 1 4 1 0 0 0 1 2 1 82 
Cellular casts 4-1 42 66 11 20 18 2 4 3 3 12 5 1 4J+ 2 4- 9 6 62 
At leas one of: 
Pleuritis 
Pericarditis 56 57 60 11 20 12 -13 26 14 1 4 1 3 14 3 4 9 4 93 
At least one of: 
Psychosis 
Convulsions 21 21 58 8 15 22 3 6 8 '2 8 6 1 5 3 3 . 6 8 36 
At least one of: 
Haemolytic anaemia 
Leucopenia 
Thrombocytopaenia 4-3 41+ 77 3 6 5 6 12 11 0 0 0 2 9 4 2 4 4 56 
Positive Histology 
Biopsy= SLE 38 39 95 1 2 3 0 0 0 0 0 0 0 0 0 0 0 0 40 

I\) 

--.J 
-.J . 



(B) PN 

Features n = . % % n = % % n = % % n = % % n = % % n = % % 
98 Sen Spe 54 Sen Spe 50 Son Spe 25 Son Spe 22 Sen Spe 47 Sen Spe All Combinations 
SLE PN SCL DMS PMS DMS n = 266 

(P:r.;s) 

At l east one of: 
Mononeuritis 
Peripheral neuritis 5 5 22 14 26 61 2 4 9 0 0 0 0 0 0 0 0 0 23 
Arthritis without 
deformity 51 52 62 18 33 22 2 4 2 2 8 2 3 14 4- 5 11 6 82 
At least one of: 
Psychosis 
Encephalitis 
Myelitis 
Convulsions 21 21 55 10 19 26 3 6 8 2 8 5 1 5 3 3 6 8 38 
As thma 1 1 11 6 11 67 0 0 0 0 0 0 0 0 0 0 0 0 9 
Nasal Granuloma 1 1 1 3 6 11 75 1 2 1 3 0 0 0 0 0 0 0 0 0 8 
Large Artery 
Occlusion 1 1 9 8 15 73 0 0 0 2 8 18 0 0 0 2 4 18 11 
Necrotic ulcer 
or Gangrene 9 9 26 9 17 26 10 20 29 5 20 14- 0 0 0 5 11 14- 35 
Livedo 
Reticularis 0 0 0 5 9 10C 0 0 0 0 0 0 0 0 0 0 0 0 5 
Digital Arteritis 2 2 50 1 2 25 0 0 0 0 0 0 0 0 0 0 0 0 4 
Testicular 
Arteritis 0 0 0 2 4 67 0 0 0 0 0 0 0 0 0 0 0 0 3 
At least one of: 
Red Cell 
Pus Cell 
Proteinuria 69 70 55 27 50 22 11 22 9 6 24- 5 3 14- 2 9 19 7 125 
Urinary Casts 41 4-2 66 11 20 18 2 4 3 3 12 5 1 5 2 4- 9 6 62 
Eosinophilia 4 4 13 18 33 60 1 2 3 0 0 0 4 18 13 4 9 13 30 
Positive Histology 

I\) (Biopsy) PN 3 3 5 51 94- 85 2 4 3 0 0 0 0 0 0 0 0 0 60 -.J 
0) . 



(c) DMS AND PMS 

Features n = % % n = % % n = 
98 Sen Spe 54 Sen Spe 50 
SLE PN SCL 

POLYMYOSITIS 

At least one of : 
Biopsy (PMS) 
Myositis 1 1 2 1 2 2 4 
Muscle Weakness 3 3 7 8 15 18 3 
Muscle Wasting 3 3 7 4 7 10 4 
Muscle Tenderness 3 3 10 4 7 23 0 
E.1: . G. Positive 0 0 0 0 0 0 0 

DERiViATOMYOSITIS 

At l east one of: 
Erythema 
Skin Oedema 32 33 38 14 26 17 6 
Violaceo us colour 0 0 0 1 2 10 0 
Collodian Patches 0 0 0 0 0 0 1 
Calcinosis of 
Muscle 0 0 0 0 0 0 4 

.. 

% % n = % % n = % % n = % % 
Sen Spe 25 Sen Spe 22 Sen Spe 47 Sen Spe 

DMS Pr,!s mm 
(H~S ) 

8 7 25 100 45 22 100 40 47 100 85 
6 7 11 4J+ 2L~ 15 68 33 26 55 58 
8 19 1 1 44 26 17 77 40 28 60 67 
0 0 8 32 27 13 59 43 21 45 70 
0 0 3 12 60 2 4 40 5 11 100 

12 7 23 92 27 0 0 0 23 49 27 
0 0 9 36 90 0 0 0 9 19 90 
2 17 5 20 83 0 0 0 5 11 83 

8 80 1 4 20 0 0 0 1 2 20 

All Combinations 
n = 266 

55 
45 
42 
30 
5 

84 
10 

6 

5 

I\) 
---J 
\0 
·• 



(D) SCL 

Features n = % % n = % % n = % % n = 
98 Sen Spe 54 Sen Spc 50 Sen Spc 25 
SLE PN SCL DMS 

Raynauds 23 23 32 3 6 4 33 66 46 4 
Skin Thickening -
Fingers 1 1 2 1 2 2 45, 90 88 0 
Sltin Thickening -
Face 0 0 0 0 0 0 19 38 95 0 
Skin Thickening -
General 0 0 0 0 0 0 18 36 100 0 
Skin Thickening -

Morphoea 0 0 0 0 0 0 2 4- 100 0 
Finger illcers 0 0 0 1 2 6 14- 28 88 0 
Oesophagus 0 0 0 1 2 3 22 4-4 73 4-
Calcinosis of 
Fingers 0 0 0 0 0 0 11 22 92 0 
Telangiectasis 1 1 13 0 0 0 7 14- 88 0 
Biopsy (SCL) 0 0 0 0 0 0 24 4-S 92 2 
Lung Fibrosis 3 3 11 8 15 29 13 26 46 0 
Hypertension 25 26 4-0 17 31 27 10 20 16 3 

% % n = % % n = 
Sen Spe 22 Sen Spc 47 

HES mm 
(PMS) 

16 6 4 18 G 8 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 
0 0 0 0 0 0 

16 13 3 14 10 7 

0 0 0 0 0 0 
0 0 0 0 0 0 
8 8 0 0 0 2 
0 0 2 9 7 2 

12 5 2 9 3 5 

% % 
Sen Spe 

17 11 

0 0 

0 0 

0 0 

0 0 
0 0 

15 23 

0 0 
0 0 
L~ 8 
4- 7 

11 8 

-- ~ - -

All Combinations 
n == 266 

72 

51 

20 

18 

2 
16 
30 

12 
8 

26 
28 
63 

F\) 
en 
0 
• 



TABLE SIX 

The scores allocated to the clinical features for each disease 

category studied . 

( A) SLE 

281. 

As in J\RA system but n.dd 2 for positive histology or H'. and one for 

.ANF 1/10 or great er unl ess LE cells positive . (see text) 

( B) POLY~'.RTBRITIS NODOSA 

i'iononouri tis 
Peripheral neuritis 

Sorosi tis: Peritonitis 
Pericarditis 
Pleuritis, pleural 

Arthritis i7ithout 

Psychosis 
Encepha.li tis 
Fyelitis 
Convulsions 

Asthma. 

Nasal gr anuloma 

deformity 

Large artery occlusion 

Ne crotic ulcer or gangrene 

Livedo reticularis 

Digital arteritis 

effusion 

Testicular arteritis (pain, suelling , 
a trophy) 

Protoinuria red cells or white cells 

Urinary ca sts 

Eosinophilia 

Positive histology or PM 

Pneumonitis 

Myocardi tis 

Hypertension 

Fever 

Raynauds 

~ 
~ 
) 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
1 
2 
1 
2 

1 

3 
1 
2 
1 
2 
1 
2 

maximum 



i_C) SCLERODERM.A 

Raynauds 

Skin Thickening: 

Finger ulcers 

Fingers 
Face 
General 
Morphoea 

Oesophagus (Dysphagia ana/or x-ray 
positive) 

Calcinosis of fingers 

Telangiectasis, fingers 

Histology positive) 
HS positive ) 

Lung Fibrosis 

Proteinuria , cell s or casts) 
Raised urea or creatinine ) 
hypertension ) 

ip) POLYMYOSITIS 

1 

2 
2 
4 
1 

1 

1 

1 

1 

2 

1 

1 

Biopsy and/or P.M. = Myositis 3 

Muscle weakness 1 

Muscle wasting 1 

Euscle tenderness 1 

EMG Positive 1 

Mononeuritis or polyneuritis , subtra ct - 3 

(r,) DElli'L\TOYl,TYQSITIS 

Add to PMS score skin biopsy positive 1 

Erythema ) 
Skin Oedema) 1 

Violaceoua colour 

Collodion patches 

Ca lcinosis of muscle 

PMS/DMS = sums of scores in (c) 

1 

1 

1 
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Hospital 

Hospita l No. 

APPENDIX B 

CONNECTIVE TISSUE DISEASE 

L J .1 J Pat ient No . 

1 
! 
I I lJ 

283 . 

Surname l I - I 
I - Ll~j ......... J _1..___..._,l_l __,_,,___J _ 

1st r ~J r I I 
. l - ,k 

1 
l 

2nd 

Maiden Name 

i ·-7 
Sex I , , I 

r~ 
Marital Status j . -
Birthdate t L fl7 
Age 

Add.re ss : Name of 
Town or Rural 
Delivery 

U __ L]~ J ___ ] _I __ l~I __ I 

·· ·-

I 
.\ 



Street No . or 
R. D. No. 

Street Name 

Occupation 

Race, i) .E. or O. 
for Other 

Place of Birth 
Country/Po st a l Code 

How long in N. Z. 

Referring Doctor 

Consultant 

Date of admission 
vrhen diagnosis made 

n LJ 

U__,__1 ___,_l ] 

-1 · -, 

T 
l_ J 

U_J.-1 ___ J .l l ~IIJ 
1---• ·-7 l I ·1 1 
I j - ---.....L.--. J 

I - 1,_Tl1 J 7 

284. 

Onset: Months/Years{ ... --'--]-.......i.._..;.._~J 
CODE UNLESS OTHERWISE STATED 

0 = Not recorded 
1 = Nil 

Dead, D. 
Alive, A. 
Date: Months/Years 

Diagnosis on 
Discharge 

I 

[ I l l] 

2 = Doubtful 
3 = Minimal 
4 = Moderate 
5 = Marked 
6 = Gross· 



FREE STATE~:iENT 

Other Di agnoses (not I 
on front sheet ) and/or: 

-,·-· 
; 

Malignanci es 
I 

i 
I 

I 

Nodules 

Nil 

Nai lfol d er ythema 

Non blanching 
focal er ythema 

Cytoi d Bodies 

Myocarditis 

Endocarditis 

Oedema , generalised 

Peripheral neuritis 

Peritonitis 

285. 

Pati ent No . 
L l I 

I 

I 
J 

I T i ! I 
I 

i I 
I I 
I i 

.j. -~ -~ 
I I 

I --H .~-~ 
I 

I : 
I I 

I ! I : 

~~~ E. 

I J Biopsy (Site) u 
17 Palmar erythema LJ LJ 

LJ Fi ngertip erythema Li 
LJ Facial erythema • 
• Di scoid Lupus '7 L ___ 

• Raynauds • 
LJ Alopecia D 
• Photosensitivity u 
• Oral and Naso ulcer • 
• Arthritis without • deformity 



Splenomegaly 

Pneumonitis I _ l 
Myn.sthenia Gravis :7 
Pleuritis L_] 

Pericarditis • 
II 
[__j 

a Pain on motion 

b Tenderness 

c Effusion or Periarticular 
soft tissue swelling 

a Psychosis 

b Convulsions 

286. 

• 

[~] 

• Drug Sensitivitf 
(names of drugs) -----

Hypertension, degree L] Allergy ---------
Family His tory same disease Y. Yes 

~-----N. No ---~-

Other 

SCLERODERMA POLYARTERITIS 

Biopsy (site) • Bicpsy (site ) 

Skin thickening (Fingers) LJ Lung Fibrosis 

Finger Ulcers • Asthma 

Face • Myelitis 

• 
• 
1-1 
,._____.... 

• 
• 
I_J 

• 
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SCLERODERMA continued POLY.ARTERITIS continued 

General LJ :Mononeuritis LJ 
Oesophagus • Nasal Granuloma LJ 
Morphoea LJ Encephalitis • 

(Fingers B Large artery Occlusion • Calcinosis ( 
(Muscle 

[] Necrotic Ulcer 

DERi\iiATOMYOSITIS Livodo Reticularis 
, .. -

Biopsy (site) -, ---~' L 
I! 

Digital Artoritis • Hyositis LJ 
Testicular pain and/or • Ii1iuscle \Voakness • swelling 

Wasting • 
Muscle Tenderness • 
E.M.G. • 
Erythema • 
Violaceous colour • under eyes 

Collodian patches • 
Skin oedema • 



LABORATORY 

( Heat stable/labile 
A. N.F. Titre ( 

( Granular/diffuse 

LE Cells 

R.Factor 
( Latex 

(Titre) 
( Red cell ( 

( Direct 
Coombs ( 

( Indirect 

Blood Urea 

Protoinuria (degree) 

Pus Cells 

Red Cells 

~ Plain 
Casts 

( Granular 

False Positi ve W.R . 

Thrombocytopaenia 1 00 , 000 

288. 

EEB 
n 
!~ 

: 
- ..1. 

R ~ 

[ 

[I] 

• 
n 

B 
• 
LJ 
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Haemolytic ana emia • 
Leucopenia 4-, 000 • 
E.S.R. LJ J 
Globulin (Gms/1OOml) [IJ 

Gamma Globulin IT] [TI 

Hb I_ I IJ 
Eosinophilia (degree) • ,I--- J 
Other findings 



APPENDIX C 

The f'ollowing public hospitals in the study area were 

visited to gather the basic medical data f'or this survey. 

Hospital Board District 

Palmerston North 

Dannevirke 

Wairarapa 

Wellington 

Marl borough 

North Canterbury 

Ashburton 

South Canterbury 

V!aitaki 

Otago 

Public Hospital 

Palmerston North 

Dannevirke 

Masterton 

Hutt 
Wellington 

Wairau 

Burwood 
Christchurch 
Princess Wargaret 

Ashburton 

Timaru 

Oamaru 

Dunedin 
1.:ak~ri 

Those public hospitals in HBD's not visited were contacted 

to supply, f'or inclusion in the study, case records of' patients whose 

diagnosis on discharge was a connective tissue disease. 
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APPENDIX D 

The use of the Poisson distribution in t hi s survey to 

consider t he question of r andom varia tions in disease occurrence was 

a s f oll ows: 

(a ) The incidence r at e for t he t ot a l s t udy area was 

calcula t ed, i . e . t he t ot a l number of ca ses in a s pecified area l unit 

was divided by t he population a t risk (per 100, 000) of that areal 

unit. 

(b ) Upon a nul l hypothesis that t he r a t e of t he st udy 

ar ea applied evenly t o all a r eal units an ' expected ' number of ca ses 

was computed , For exampl e , if t he r a t e for t he study area was 21 . 98 

ca se s per 100, 000 popul ation-at-risk, a nd a Geogr aphic County had a 

populati on-at- r i sk of 82,600 t he ' expected' number of ca se s woul d be 

18 .16. 

(c) Pr e-calculated Poisson pr obability tabl es (Di em and 

Lentner, 1970 ) wer e then consul ted. The ' obser ved' frequency ( or t he 

number of ca ses t hat di d in r eality occur in the areal unit) was 

loca t ed and i f' the ca lculat ed ' expected I frequency was either above 

or below the r ange of values shown the area had statistically 

significantly more or l ess observed cases than expected. The 

confidence limits of 95% and 99% were used . 
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APPENDIX E 

The absol ute ca se distribution of connective tissue disease 

subsets in the Geographic Counties of the study area: 

Geographic County SLE PN SCL PMS/DMS COMB TOTAL 

1 2 3 4/5 6 
--~--· 

Kiwitea 0 

Pohangina 0 

Oroua 1 1 2 

Manawatu 1 1 

Kairanga 8 2 2 4 3 19 

Horowhenua 6 2 3 2 13 

Dannevirke 1 1 2 

Woodville 1 1 

Pahiatua 1 1 2 

Akitio 0 

Eketahuna 0 

Masterton 1 1 2 

Wairar apa South 0 

Featherston 1 1 

Hutt 18 18 11 5 3 55 
Marlborough 2 3 3 1 9 

Awat ere 1 1 

Kaikoura 0 

Amuri 1 1 

Cheviot 0 

Waipara 1 1 

Malvern 1 1 

Oxf'ord 0 

Ashley 0 

Rangiora 1 1 2 

Eyre 0 

Paparua 1 1 
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Geographic County SLE PN SCL PMS/DMS COMB TOTAL 

1 2 3 4/5 6 

Waimairi 3 1 2 6 

Heathcote 17 10 7 6 3 43 
Mt Herbert 0 

Ellesmere 0 

Wairewa 0 

Akaroa 0 

Ashburton 1 2 1 4 
Geraldme 2 2 

MacKenzie 0 

Levels 3 2 1 2 1 9 

Waimate 1 1 2 

Waitaki 4 2 6 

Vincent 2 2 4 
Maniototo 2 2 

Waihemo 1 1 

Waikouaiti 2 2 4 

Taieri 15 7 10 7 3 42 

Tuapeka 1 1 1 3 
Bruce 1 1 1 3 
Clutha 1 1 2 

Lake 1 1 2 

Fiord 0 

Wallace 1 1 

Southland 5 2 3 5 1 16 

Stewart Island 0 

Chatham Islands 0 

Totals 98 54 50 47 17 266 

The absolute case distribution of connective tissue disease 

subsets in the Hospital Board Districts of the study area were as 

follows: 
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HBD SLE PN SCL FMS/DMS COMB TOTAL 

1 2 3 4/5 6 

Palmerston North 14 4 6 8 3 35 
Dannevirke 2 1 3 
Wairarapa 3 1 1 5 

Wellington 18 18 11 5 3 55 
Marlborough 2 3 1 3 1 10 

North Canterbury 22 12 9 9 3 55 
Ashburton 1 2 1 4 
South Canterbury 5 3 1 3 1 13 

Waitaki L1- 2 6 

Maniototo 2 2 

Vincent 2 2 4 
Ota go 18 8 13 8 3 50 
South Otago 1 1 1 1 1 5 
Southland 6 2 4 6 1 19 

Totals 98 54 50 47 17 266 

This t ab le also gives t he I regional' breakdovm of absolute 

c a se number distribution by the demarcation of HBD ' s ,nthin each 

1 region 1 • 



295. 

APPENDIX F 

The populations-at-risk of the Geographic C01.mties of the 

study area at the taking of the 1951, 1961 and 1971 census. Hospital 

Board District popul ations- at-risk are achi eved by summing the 

respective populations-at-risk of the Geographic Counties within such 

areas . 

Geographic County 1951 1961 1971 

Kiwitea 2,298 2,339 1,872 

Pohangina 1,31 8 1,199 924-

Or oua 9,-821 12,731 14-, 54-3 
Manawatu 8,34D 9,916 9,278 

Kair anga 36,197 4-7,174- 57,64D 

Horowhenua 16,957 22,866 29,061 

Dannevirke 9 , 027 10,105 9,4-96 

Woodville 3 ,092 3,265 3 , 014-

Pahiatua 4-, 824- 5,318 4-,848 

Akitio 1,237 1,189 94D 

Eketahuna 2,546 2,590 2,159 

Masterton 15,855 19,775 22,586 

Wairarapa Sout h 5,200 6,115 6 ,306 

Featherston 7, 039 8, 154- 8,237 

Hutt 214,94-3 260,313 320,915 
------

Marlborough 18,396 23,086 26,999 

Awatere 1,566 1, 74D 1,669 

Kaikoura 3,159 3,132 3,070 

.Amuri 2, 64-3 2,940 2,706 

Cheviot 1,354 1,532 1,520 

Waipara 2,476 2,927 2, 724-

Ashley 2,592 2,885 2,913 

Rangiora 8 ,4-63 10 ,4-35 12,836 

Eyre 1,812 1,876 ·2,524 

I 



Geographic County 

Ox:f'ord 

Malvern 

Paparua 

Waimari 

Heathcote 

Mt Herbert 

Akar oa 

Viairewa 

Ellesmere 

Chatham Islands 

Ashburton 

Geraldine 

Levels 

}lacKenzie 

Waimate 

1i/aitaki 

Waihomo 

Waikouaiti 

Taieri 

Tuapeka 

Bruce 

Clutha 

Maniototo 

Vincent 

Lake 

Southland 

Wallace 

Fiord 

Stewart Island 

1951 

1,580 

4,894 

11,334. 

33,4.88 

1 34-, 321 

581 

2,051 

900 
6,082 

4-71 

19, 783 

8 , 828 

26,445 

4,033 

8,907 

18 .• 525 

2,015 

6 , 915 

96,293 

7,764 

6,749 

8,449 

2, 865 

6,450 

2,857 

65,269 

11,565 

29 

576 

Totals for Study Area 881,179 

1961 

1,586 

6,106 

18,761 

46,982 

161,14-1 

627 

1,827 

798 

6,624 

4-87 

23 ,512 

9,411 

30 ,552 

3,310 

9,368 

23,753 

1 ,871 

7,405 

105 , 282 

6 , 879 

7,152 

10,053 

2,949 

7,250 

3,332 

80,094 

12,816 

51 

54-2 

1 ,054-, 12.3 

1971 

1,561 

6,4-13 

27,147 

68,626 

176,500 

683 

1,552 

687 

7,512 

716 

24-, 521 

9,722 

33,130 

5,159 

8,574 

22,503 

1,714 

7, 036 

111 , 354 

6,338 

6,837 

1 o, 314 

2,737 

8,520 

5,404 

91,173 

14-,283 

135 

4-14-

1,210,041, 

Source: N.Z. Census, Increase and Location of 1:2P,ulation, Vol. L 

for 1951 , 1 961 , 1971 
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